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This edition of Introduction to Vascular Ultra
sonography is organized along the same 
lines as the preceding edition but is differ
ent in several important ways, most notably 
the addition of a second editor. One objec
tive of co-editorship is to add new perspec
tives on the authorship and content of the 
text. Our success in this regard is verified by 
the expanded scope of this edition, as out
lined below. The sec�md goal of co-editor
ship is to ensure continued publication of 
this popular text after the original editor, Dr. 
Zwiebel, retires in the next few years. 

A variety of new chapters has been added 
throughout the text, substantially expand
ing the content. These chapters cover vari
ous subjects such as hemodialysis access, 
aortic stent grafts, and Doppler assessment 
of the female pelviS. With the inclusion of 
this new material, we feel that all major 
applications of Doppler sonography are rep
resented, literally from head to toe. The 
addition of new chapters also has broad
ened the authorship of the text, providing 
a wider view of technical and clinical 
matters than in the previous edition. The 
authors were chosen for their recognized 
expertise in the field of vascular ultrasound, 
and their contributions have enriched this 
new edition. 

Another significant change is the print
ing of this edition in full color, allowing 
color illustrations to be shown throughout 
the text. Color figures were confined to 
"wells" in previous editions, which dimin-

ished their educational value, as they often 
were located several pages from related text. 
In this edition, the color illustrations and 
text are in proximity. Full color publication 
also enlivens the text, as color artwork and 
page borders are included throughout. 
Hopefully this enhances the educational 
value of the book by holding the reader's 
attention. The downside of full color publi
cation is added production cost, but the 
publisher has accomplished this change 
while keeping the price of the text suffi
ciently low for access by all potential 
readers. 

Although many changes and additions 
are apparent in this edition, we have not 
substantially altered the format of the book 
because it previously served well to intro
duce readers to the principles and practice 
of vascular sonography. Although new 
chapters have been added, the basic
knowledge chapters have been retained-in 
updated forms, of course. As with previous 
editions, we have included material that is 
sufficiently deep to meet the needs of our 
readers without delving into esoteric sub
jects. We also have attempted to meet the 
educational needs of readers with varying 
backgrounds. The strength of previous edi
tions has resided in achieving these objec
tives, and we hope this edition succeeds in 
a like manner. 

William J. Zwiebel, MD 
John S. Pellerito, MD 
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Chapter 
1 

Hemodynamic Considerations 
in Peripheral Vascular and 

Cerebrovascular Disease 
_ � " .' j � .,... ( ! • • " '._  1. " '" > 

The circulatory system is extremely com
plex in both structure and function, and 
blood flow is influenced by many factors, 
including cardiac function; elasticity of 
the vessel walls (compliance); the tone of 
vascular smooth muscle; and the various 
patterns, dimensions, and interconnections 
of millions of branching vessels. Some of 
these factors can be measured and described 
in reasonably simple terms, but many 
others cannot be described succinctly 
because they are difficult to quantify and 
generally are not well understood. 

With these limitations in mind, this 
chapter presents the basic principles of the 
dynamics of blood circulation, the many 
factors that influence blood flow, and the 
hemodynamic consequences of occlusive 
disease. These considerations are helpful 
in understanding the normal physiology of 
blood circulation and the abnormalities 
that can occur in the presence of vascular 
obstruction. 

PHYSIOLOGIC FACTORS 
GOVERNING BLOOD FLOW AND 
ITS CHARACTERISTICS 

Energy and Pressure 

For blood flow to occur between any two 
points in the circulatory system, there 
must be a difference in the energy level 
between these two pOints. Usually, the dif
ference in energy level is reflected by a dif
ference in pressure, and the circulatory 

system generally consists of a high-pressure, 
high-energy arterial reservoir and a venous 
pool of low pressure and energy. These 
reservoirs are connected by a system of 
distributing vessels (smaller arteries) and by 
the resistance vessels of the microcircula
tion, which consist of arterioles, capillaries, 
and venules. 

During flow, energy is continuously lost 
from the blood because of the friction 
between its layers and particles. Both pres
sure and energy levels therefore decrease 
from the arterial to the venous ends. The 
energy necessary for flow is continuously 
restored by the pumping action of the heart, 
which forces blood to move from the 
venous system into the arterial system, and 
thus maintains the arterial pressure and the 
energy difference needed for flow to occur. 

The high arterial energy level is a result 
of the large volume of blood in the arterial 
reservoir. The function of the heart and 
blood vessels is normally regulated to main
tain volume and pressure in the arteries 
within the limits required for smooth func
tion. This is achieved by maintaining a 
balance between the amounts of blood 
that enter and leave the arterial reservoir. 
The amount that enters the arteries is the 
cardiac output. The amount that leaves 
depends on the arterial pressure and on the 
total peripheral resistance, which is con
trolled in turn by the amount of vasocon
striction in the microcirculation. 

Under normal conditions, flow to all the 
body tissues is adjusted according to the 
tissues' particular needs at a given time. This 
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SEatON I Basics 

adjustment is accomplished by alterations 
in the level of vasoconstriction of the arte
rioles within the organs supplied. Main
tenance of normal volume and pressure in 
the arteries thus allows for both adjustment 
of blood flow to all parts of the body and 
regulation of cardiac output (which equals 
the sum of blood flow to all the vascular 
beds). 

Forms of Ene�gy in the Blood 
and Its Dissipation During Flow 

This section considers the forms in which 
energy exists in the circulation and the 
important factors that govern the dissipa
tion of energy during flow, including fric
tion, resistance, and the influence of 
laminar and turbulent flow. Poiseuille's law 
and the equation that summarizes the basic 
relationships among flow, pressure, and 
resistance are discussed, as well as the effects 
of connecting vascular resistances in paral
lel and in series. 

Forms of Energy 

Potential and Kinetic Energy 
The main form of energy present in flowing 
blood is the pressure distending the vessels 
(a form of potential energy), which is 
created by the pumping action of the heart. 
However, some of the energy of the blood 
is kinetic; namely, the ability of flowing 
blood to do work as a result of its velocity. 
Usually, the kinetic energy component is 
small compared with the pressure energy, 
and under normal resting conditions, it is 
equivalent to only a few millimeters of 
mercury or less. The kinetic energy of blood 
is proportional to its density (which is stable 
in normal circumstances) and to the 
square of its velocity. Therefore, important 
increases in kinetic energy occur in the sys
temic circulation when flow is high (e.g., 
during exercise) and in stenotic lesions, in 
which luminal narrowing leads to high 
velocities. Kinetic energy is converted back 
into pressure (potential energy) when veloc
ity is decreased (e.g., in a normal segment 
of the artery distal to a stenosis). 

Energy Differences Related to 
Differences in the Levels of 
Body Parts 
There is also variation in the energy of the 
blood associated with differences in the 
levels of body parts. For example, the pres
sure in the vessels in the dependent parts of 
the body, such as the lower portions of the 
legs, increases by an amount that depends 
on the weight of the column of blood 
resting on the blood in the legs. This hydro
static pressure increases the transmural 
pressure and the distention of the vessels. 
Gravitational potential energy (potential for 
doing work related to the effect of gravity 
on a free-falling body), however, is reduced 
in the dependent parts of the body by the 
same amount as the increase resulting from 
hydrostatic pressure. Therefore, differences 
in the level of the body parts usually do not 
lead to changes in the driving pressure 
along the vascular tree unless the column 
of blood is interrupted, as may be the case 
when the venous valves close. Changes in 
energy and pressure associated with differ
ences in level are important under certain 
conditions, such as with changes in posture 
or when the venous pump is activated 
because of muscular action during walking. 

Dissipation of Energy 

During Laminar Flow 
In most vessels, blood moves in concentric 
layers, or laminae; hence, the flow is said to 
be laminar. Each infinitesimal layer flows 
with a different velocity. In theory, a thin 
layer of blood is held stationary next to the 
vessel wall at zero velocity because of an 
adhesive force between the blood and the 
inner surface of the vessel. The next layer 
flows with a certain velocity, but its move
ment is delayed by the stationary layer 
because of friction between the layers, gen
erated by the viscous properties of the fluid. 
The second layer, in turn, delays the next 
layer, which flows at a greater velOcity. The 
layers in the middle of the vessel flow with 
the highest velocity, and the mean velocity 
across the vessel is half of the maximal veloc
ity. Because the rate of change of velocity is 
greatest near the walls and decreases toward 
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the center of the vessel, a velocity profile in 
the shape of a parabola exists along the 
vessel diameter (Fig. l-IA). 

Loss of energy during blood flow occurs 
because of friction, and the amount of fric
tion and energy loss is determined in large 
part by the dimensions of the vessels. In 
small vessels, especially in the microcircu
lation, even the layers in the middle of 
the lumen are relatively close to the wall 
and are thus delayed considerably, result
ing in a significant opposition or resistance 
to flow. In large vessels, by contrast, a 
large central core of blood is far from the 
walls, and the frictional energy losses are 
minimal. As indicated later, friction and 
energy losses increase if laminar flow is 
disturbed. 

Poiseuille's Law and Equation.· In a 
cylindric tube model, the mean linear veloc
ity of laminar flow is directly proportional 
to the energy difference between the ends 
of the tube and the square of the radius and 
is inversely proportional to the length of the 
tube and the viscosity of the fluid. In the 
circulatory system, however, volume flow is 
of more interest than velOCity. Volume flow 
is proportional to the fourth power of the 
vessel radius, because it is equal to the 
product of the mean linear velocity and 
the cross-sectional area of the tube. These 
important considerations are helpful in 
understanding Poiseuille's law, as expressed 
in Poiseuille's equation: 

A 

Q = n(� - Pz)r4 
8LT] 

B 

(1-1) 

FIGURE 1 -1 .  Flow velocity profiles across a normal arte
rial lumen. A, Parabolic profile of laminar flow. B, Flat
tened profile with a central core of relatively uniform 
velocity encountered in the proximal portion (inlet 
length) of arterial branches or with turbulent .flow. 

where Q is the volume flow; PI and Pz are 
the pressures at the proximal and distal 
ends of the tube, respectively; rand L are 
the radius and length of the tube, respec
tively; and T] is the viscosity of the fluid. 

Because volume flow is proportional to 
the fourth power of the radiUS, even small 
changes in radius can result in large changes 
in flow. For example, a decrease in radius of 
10% would decrease flow in a tube model 
by about 35%, and a decrease of 50% would 
lead to a 95% decrease in flow. Because the 
length of the vessels and the viscosity of blood 
do not change much in the cardiovascular 
system, alterations in blood flow occur mainly 
as a result of changes in the radius of the vessels 
and in the difference in the pressure energy level 
available for flow. 

Poiseuille's equation can be rewritten, 
therefore, as follows: 

8LT] � - Pz (1-2) nr4 Q 

R 
8LT] 

( 1-3) 
7rf4 

R � - Pz 
(1-4) Q 

The resistance term (R) depends on the 
viscous properties of the blood and on the 
dimensions of the vessels. Although these 
parameters cannot be measured in a 
complex system, the pressure difference 
(PI - P z) and the blood flow (Q) can be mea
sured, and the resistance can thus be calcu
lated. Because resistance is equal to the 
pressure difference divided by the volume 
flow (the pressure difference per unit flow), 
it can be thought of as the pressure differ
ence needed to produce one unit of flow 
and, therefore, can be considered as an 
index of the difficulty in forcing blood 
through the vessels. 

Vessel Interconnection and Energy 
Dissipation. Poiseuille's law applies with 
precision only to constant laminar flow of 
a simple fluid (such as water) in a rigid tube 
of a uniform bore. In the blood circulation, 
these conditions are not met. Instead, the 

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


� SEa/ON I Basics L� '''--------------------' 

resistance is influenced by the presence 
of numerous interconnected vessels with a 
combined effect similar to that observed in 
electrical resistances. In the case of vessels 
in series, the overall resistance is equal to 
the sum of the resistances of the individual 
vessels, whereas in the case of parallel 
vessels, the reciprocal of the total resistance 
equals the sum of the reciprocals of the indi
vidual vessel resistances. Thus, the contribu
tion of any single vessel to the total resistance 
of a vascular bed, or the effect of a change in 
the dimension of a vessel, depends on the pres
ence and relative size of the other vessels linked 
in series or in parallel. 

Deviations from the conditions to which 
Poiseuille's law applies also occur in relation 
to changes in blood viscosity, which is 
affected by hematocrit, temperature, vessel 
diameter, and rate of flow. 

During Nonlaminar Flow 
Various degrees of deviation from orderly 
laminar flow occur in the circulation under 
both normal and abnormal conditions. 
Factors responsible for these deviations 
include the following: (1)  the flow velocity, 
which changes throughout the cardiac cycle 
as a result of acceleration during systole and 
deceleration in diastole; (2) alteration of 
the lines of flow, which occurs whenever a 
vessel changes dimensiOns, including varia
tions in diameter associated with each 
pulse; and (3) the lines of flow, which are 
distorted at curves, at bifurcations, and in 
branches that take off at various angles. For 
example, the parabolic velocity profile is 
often not re-established in branches for a 
considerable distance beyond their origin. 
Instead, the parabola is flattened so that 
there is a relatively large central core of 
blood that flows with a relatively uniform 
speed (Fig. I-IB). 

Because of these and other factors, 
laminar flow may be disturbed or fully tur
bulent, even in a uniform tube. The factors 
that affect the development of turbul
ence are expressed by the dimensionless 
Reynold's number (Re): 

Re = 
vq2r 

11 ( 1-5) 

where v is the velocity, q is the density of 
the fluid, r is the radius of the tube, and 11 
is the viscosity of the fluid. Because the 
density (q) and viscosity (11) of the blood are 
relatively constant, the development of turbu
lence depends mainly on the size of the vessels 
and on the velocity of flow. In a tube model, 
laminar flow tends to be disturbed if 
Reynold's number exceeds 2000. However, 
in the Circulatory system, disturbances and 
various degrees of turbulence are likely to 
occur at lower values because of body move
ments, the pulsatile nature of blood flow, 
changes in vessel dimensions, roughness of 
the endothelial surface, and other factors. 
Turbulence develops more readily in large 
vessels under conditions of high flow and 
can be detected clinically by the finding of 
bruits or thrills. Bruits may sometimes be 
heard over the ascending aorta during sys
tolic acceleration in normal individuals at 
rest and are frequently heard in states of 
high cardiac output and blood flow, even 
in more distal arteries, such as the femoral 
artery. 1 Distortion of laminar flow velocity 
profiles can be assessed using ultrasound 
flow detectors, and such assessments can 
be applied for diagnostic purposes. For 
example, in arteries with severe stenosis, 
pronounced turbulence is a diagnostic 
feature observed in the poststenotic zone. 
Turbulence occurs because a jet of blood 
with high velocity and high kinetic energy 
suddenly encounters a normal diameter 
lumen or a lumen of increased diameter 
(because of poststenotic dilatation), where 
both the velocity and energy level are lower 
than in the stenotic region. 

During turbulent flow, the loss of pressure 
energy between two points in a vessel is 
greater than that which would be expected 
from the factors in Poiseuille's equation, 
and the parabolic velocity profile is 
flattened.2 

Pulsatile Pressu re and Flow 
Changes in the Arterial System 

With each heartbeat, a stroke volume of 
blood is ejected into the arterial system, 
resulting in a pressure wave that travels 
throughout the arterial tree. The speed 
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of propagation, amplitude (strength), and 
shape of the pressure wave change as it tra
verses the arterial system. These alterations 
are influenced by the varying characteristics 
of the vessels traversed by the pressure 
wave. The velocity and, in some parts of the 
circulation, the direction of flow, also vary 
with each heartbeat. Correct interpretation 
of noninvasive tests based on recordings 
of arterial pressure and velocity, as well as 
pressure and velocity waveforms, requires 
knowledge of the factors that influence 
these variables. This section considers these 
factors as they occur in various portions of 
the circulatory system. 

Pressure Changes from 
Cardiac Activity 

. 

As indicated previously, the pumping action 
of the heart maintains a high volume of 
blood in the arterial end of the circulation 
and thus provides the high pressure differ
ence between the arterial and venous ends 
necessary to maintain flow. Because of the 
intermittent pumping action of the heart, 
pressure and flow vary in a pulsatile 
manner. During the rapid phase of ventric
ular ejection, the volume of blood at the 
arterial end increases, raising the pressure 
to a systolic peak. During the latter part of 
systole, when cardiac ejection decreases, the 
outflow through the peripheral resistance 
vessels exceeds the volume being ejected 
by the heart, and the pressure begins to 
decline. This decline continues throughout 
diastole as blood continues to flow from 
the arteries into the microcirculation. Part 
of the work of the heart leads directly to 
forward flow, but a large portion of the 
energy of each cardiac contraction results in 
distention of the arteries that serve as reser
voirs for storing the blood volume and the 
energy supplied to the system. This storage 
of energy and blood volume provides 
for continuous flow to the tissues during 
diastole. 

Arterial Pressure Wave 

The pulsatile variations in blood volume 
and energy occurring with each cardiac 

cycle are manifested as a pressure wave 
that can be detected throughout the arterial 
system. The amplitude and shape of the 
arterial pressure wave depend on a complex 
interplay of factors, which include the 
stroke volume and time course of ventricu
lar ejection, the peripheral resistance, and 
the stiffness of the arterial walls. In general, 
an increase in any of these factors results 
in an increase in the pulse amplitude (Le., 
pulse pressure, difference between systolic 
and diastolic pressures) and frequently in a 
concomitant increase in systolic pressure. 
For example, increased stiffness of the arter
ies with age tends to increase both the sys
tolic and pulse pressures. 

The arterial pressure wave is propagated 
along the arterial tree distally from the 
heart. The speed of propagation, or pulse 
wave velOcity, increases with stiffness of the 
arterial walls (the elastic modulus of the 
material of which the walls are composed) 
and with the ratio of the wall thickness to 
diameter. In the mammalian circulation, 
arteries become progressively stiffer from 
the aorta toward the periphery. Therefore, 
the speed of propagation of the wave 
increases as it moves peripherally. Also, the 
gradual increase in stiffness tends to 
decrease wave reflection (discussed later) 
and has a beneficial effect in that the pulse 
and systolic pressures in the aorta and prox
imal arteries are relatively lower than in 
peripheral vessels. The pressure against 
which the heart ejects the stroke volume 
and the associated cardiac work are accord
ingly reduced.3 

Pressure Changes Throughout 
the Circulation 

Figure 1-2 illustrates changes in pressure in 
the systemic circulation from large arteries 
through the resistance vessels to the veins. 
Because there is little loss of pressure energy 
from friction in large and distributing arter
ies, they offer relatively little resistance to 
flow, and the mean pressure decreases only 
slightly between the aorta and the small 
arteries of the limbs, such as the radial or 
the dorsalis pedisY The diastolic pressure 
also shows only minor changes. The 
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FIGURE 1 -2. Schematic representation of normal pres
sure changes in the systemic circulation. (From Carter 
SA: Peripheral artery disease: Pressure measurements 
ease evaluation. Consultant 19[9]:102-115, 1979.) 

amplitude of the pressure wave and the sys
tolic pressure actually increase, however, as 
the wave travels distally (systolic amplifica
tion), because of increasing stiffness of the 
walls toward the periphery and the presence 
of reflected waves. These waves arise where 
the vessels change diameter and stiffness, 
divide, or branch and are superadded to 
the oncoming primary pulse wave.3,4 The 
reflected waves, at least in the extremities, 
are strongly enhanced by increased periph
eral resistance.4 Direct measurements of 
pressure in small arteries in experimental 
animals and humans, and indirect mea
surements of systolic pressure in human 
digits, have shown that the pulse amplitude 
and systolic pressure decrease in smaller 
vessels, such as the digital vessels of the 
human extremities.6-9 However, some pul
satile changes in pressure and flow may 
remain evident even in minute arteries and 
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capillaries, at least under conditions of 
peripheral vasodilatation, and can be 
recorded by various methods, including 
plethysmography. The effect of peripheral 
vasoconstriction on pulsatility in the micro
circulation is opposite to that seen in the 
proximal small or medium arteries of the 
extremities. Pulsatile changes in minute arter
ies, arterioles, and capillaries are reduced by 
vasoconstriction and enhanced by vasodilata
tion. In small and medium arteries of the limbs, 
however, pulsatile changes are increased by 
vasoconstriction, as a result of enhanced wave 
reflection, and are decreased by vasodilatation. 
Figure 1-3 shows arterial pressure pulses 
recorded directly from the femoral and dor
salis pedis arteries during peripheral vaso
constriction and vasodilatation induced, 
respectively, by body cooling and heating. 

There is almost a complete disappear
ance of amplification in the dorsalis pedis 
artery in response to vasodilatation induced 
by body heating. Similar changes in the 
distal pressure waves result from other 
factors that alter peripheral resistance; for 
example, reactive hyperemia and exercise. 
Exercise, by decreasing resistance in the 
working muscle, would be expected to 
decrease reflection in the exercising ex
tremity. Because of vasoconstriction in 
other parts of the body during exercise (the 
result of cardiovascular reflexes that re
gulate blood pressure and circulation), 
however, the reflection may be increased 
and lead to a high degree of amplification. 
For example, it has been shown that during 
walking, the pulse pressure in the radial 
arteries can exceed that in the aorta by 
perhaps 100%.10 

� 
1 sec - F J 

- DP 

60-r--------------------,-----------------� 

FIGURE 1 -3.  Pressure waves from 
the femoral (F) and dorsa
lis pedis (DP) arteries during 
heating and cooling. Note that 
the pulse pressure of the dorsalis 
pedis artery is greater with vaso
constriction (body cooling) and 
falls dramatically with vasodi
latation (body heating). (From 
Carter SA: Effect of age, cardio
vascular disease, and vasomotor 
changes on transmission of arte
rial pressure waves through the 
lower extremities. Angiology 
29:601-616, 1978.) 

Body cooling Body heating 
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These considerations are important for 
correct interpretation of pressure measure
ments in peripheral arterial obstruction. 
For example, brachial systolic pressure cor
responds well to aortic or femoral systolic 
pressure and is used as a standard against 
which ankle pressure can be compared. The 
systolic pressure at the ankle usually exceeds 
brachial pressure in normal subjects; there
fore, the finding of ankle systolic pressure 
that is even slightly lower than brachial sys
tolic pressure indicates a high likelihood 
of a proximal stenotic lesion. However, sys
tolic pressure in human digits is usually 
lower than systolic pressure proximal to the 
wrist or the ankle. This observation has to 
be taken into account when measurements 
of digital systolic pressures are used as an 
index of distal arterial obstruction. In such 
cases, the appropriate norms for the differ
ences between the proximal and digital sys
tolic pressures have to be applied. I I 

Pulsatile Flow Patterns 

Pulsatile changes in pressure are associated 
with corresponding acceleration of blood 
flow with systole and deceleration in dias
tole. Although the energy stored in the arte
rial walls maintains a positive arteriovenous 
pressure gradient and overall forward flow 
in the microcirculation during diastole, 
temporary cessation of forward flow or even 
diastolic reversal occurs frequently in por
tions of the human arterial system. How 
these phenomena occur may be clarified by 
considering pulsatile pressure changes at 
two points along the arterial tree. Figure 1-3 

FIGURE 1 -4. Pressure differences 
between the femoral and dor
salis pedis arteries obtained 
from the waves shown in 
Figure 1-3. Note the effect of 
vasodilatation (body heating) 
on the negative (reverse flow) 
component. 
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shows arterial pressure pulses in the femoral 
and dorsalis pedis arteries. The correspond
ing pressure gradient between the two 
arteries (Fig. 1-4) varies during the cardiac 
cycle, not only because of differences in the 
shape and magnitude of the original pres
sure waves but also, more importantly, 
because the wave arrives later at the dorsalis 
pedis. The pressure gradient is greatest 
during the first half of systole, at which time 
the peak of the wave arrives at the femoral 
site. Thereafter, the gradient decreases, and 
by the time the peak arrives at the dorsalis 
pedis, the femoral pressure has fallen and 
a negative pressure gradient appears. Such 
negative gradients, related to different 
arrival times of the pressure wave at various 
sites in the arterial system, are commonly 
observed along human arteries and are con
ducive to the reversal of blood flow. Despite 
the reversal of the pressure gradient, 
however, the direction of flow may not be 
reversed if there is a large forward mean 
flow component. 12 

The presence of reversed flow during dias
tole can also be understood if one imagines 
a major arterial segment, with a certain 
diastolic pressure, that has several branch 
vessels leading to areas with different levels 
of resistance. If one of the proximal 
branches leads to an area with low periph
eral resistance, flow during diastole in the 
main vessel will occur toward this branch, 
and flow will reverse in the distal portion of 
the main vessel if distal branches supply 
areas with higher peripheral resistance. 
Such situations of transient flow reversal 
may exist in the limb during cooling (see 
Fig. 1-4), but during body heating, when 
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peripheral resistance in the distal cutaneous 
circulation is reduced to a low level, 
reversed flow is decreased or may be abol
ished. Diastolic flow reversal is generally 
present in vessels that supply vascular beds 
with high peripheral resistance. It tends to 
be absent in low-resistance vascular beds or 
when peripheral resistance is reduced by 
peripheral dilatation, such as that which 
occurs in the skin with body heating, or in 
the working muscle during exercise or reac
tive hyperemia. These principles are im
portant in assessing blood flow in arteries 
that supply various regions, including the 
cranial circulation. For example, flow rever
sal can be observed in the external carotid 
because extra cranial resistance is relatively 
high, but it is absent in the internal carotid 
because the cerebrovascular resistance is 
low. 

EFFECTS OF ARTERIAL 
OBSTRUCTION 

Arterial obstruction can result in reduced 
pressure and flow distal to the site of block
age, but the effects on pressure and flow are 
greatly influenced by a number of factors 
proximal and especially distal to the lesion. 
One must be familiar with these factors 
when interpreting noninvasive studies, 
because they affect the pressure and veloc
ity waveforms observed both proximal and 
distal to the obstructive lesion. In this 
section of the chapter, the concept of the 
critical stenosis is considered, as well as the 
pressure, velocity, and flow manifestations 
of arterial obstructive disease. 

Critical Stenosis 

Encroachment on the lumen of an artery 
by an arteriosclerotic plaque can result in 
diminished pressure and flow distal to the 
lesion, but this encroachment on the lumen 
has to be relatively extensive before hemo
dynamic changes are manifested because 
arteries offer relatively little resistance to 
flow compared with the resistance vessels 
with which they are in series. Studies in 
humans and animals have indicated that 

about 90% of the cross-sectional area of the 
aorta must be encroached upon before there 
is a change in the distal pressure and flow, 
whereas in smaller vessels, such as the iliac, 
carotid, renal, and femoral arteries, the 
critical stenosis level varies from 70% to 
90%. 13, 14 It is important to differentiate 
between percentage decrease in cross
sectional area and diameter. For example, a 
decrease in diameter of 50% corresponds to 
a 75% decrease in cross-sectional area, and 
a diameter narrowing of 66% is equivalent 
to about a 90% reduction in area. 

Whether a hemodynamic abnormality 
results from a stenosis and how severe it 
may be depend on several factors, including 
(1)  the length and diameter of the narrowed 
segment; (2) the roughness of the endothe
lial surface; (3) the degree of irregularity of 
the narrowing and its shape (i.e., whether 
the narrowing is abrupt or gradual); (4) the 
ratio of the cross-sectional area of the nar
rowed segment to that of the normal vessel; 
(5) the rate of flow; (6) the arteriovenous 
pressure gradient; and (7) the peripheral 
resistance beyond the stenosis. 

The concept of critical stenosis (i.e., a 
stenosis that causes a reduction in flow and 
pressure) has been treated extensively in the 
literature. This concept has been accepted 
because there is generally little or no change 
in hemodynamics when an artery is first 
narrowed by disease, but a relatively rapid 
decrease in pressure and flow occurs with 
greater degrees of narrowing. The critical 
stenosis concept is of practical Significance, 
because lesser degrees of narrowing of 
human arteries often do not produce signif
icant changes in hemodynamics or clinical 
manifestations. It must be recognized, 
however, that the concept of critical steno
sis is a gross Simplification of a very complex 
interplay of numerous circulatory factors. In 
particular, changes in peripheral resistance, 
such as those occurring with exercise, may 
profoundly alter the effect of a given 
stenotic lesion. These considerations dictate 
that the hemodynamic and clinical signifi
cance of stenotic lesions be assessed, when
ever possible, by physiologic measurements; 
otherwise, erroneous conclusions may be 
reached.12 In evaluating the hemodynamic 
effect of stenotic lesions, it is also important 
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to recognize that two or more stenotic 
lesions that occur in series have a more pro
nounced effect on distal pressure and flow 
than does a single lesion of equal total 
length. This difference is a result of large 
losses of energy at the entrance, and partic
ularly at the exit, of the lesion resulting from 
grossly disturbed flow patterns, including jet 
effects, turbulence, and eddy formation. 
Thus, the energy losses in tandem lesions 
far exceed those that result from frictional 
resistance in a solitary stenosis, as repre
sented in Poiseuille's equation. 

Pressure Changes 

Experiments with graded stenoses in 
animals have indicated that, whereas the 
diastolic pressure does not fall until the 
stenosis is quite severe, a decrease in systolic 
pressure is a sensitive index of reduction in 
both the mean pressure and the amplitude 
of the pressure wave distal to a relatively 
minor stenosis (Fig. 1_5). IS, 16 Also, damping 
of the waveform, increased time to peak, 
and greater width of the wave at half
amplitude can be detected distal to an arte
rial stenosis or occlusion.17,18 

These abnormal features of the pulse 
wave correlate well with the results of mea
surement of systolic pressure and can be 
demonstrated by noninvasive techniques 
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FIGURE 1 -5.  Decrease in pulse amplitude and systolic 
and mean pressures distal to a stenosis. In minimal 
stenosis, alterations in pulse pressure such as this may 
be evident only during high·volume flow induced by 
exercise or hyperemia. (From Carter SA: Peripheral 
artery disease: Pressure measurements ease evaluation. 
Consultant 19 [9] : 102-1 15, 1979.)  
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FIGURE 1 -6. Dorsalis pedis pulse waves from a normal 
limb (N) and a limb with a proximal occlusion (0). The 
wave from the limb with occlusion shows a prolonged 
time to peak (252 msec) and increased width at half of 
the amplitude (476 msec). (From Carter SA: Investiga
tion and treatment of arterial occlusive disease of the 
extremities. Clin Med 79 [5] : 1 3-24, 1972 [Part I]; Clin 
Med 79 [6] : 15-22, 1972 [Part II].) 

employing pulse waveforms recorded using 
various types of plethysmography (Fig. 1-6) . 
In the case of very mild stenotic lesions, 
however, little or no pressure or pulse 
abnormality may be evident distal to the 
lesion when the patient is at rest. The pres
ence of such lesions may be demonstrated 
if blood flow is increased with exercise 
or through the induction of hyperemia. 
Enhanced flow through the stenosis results 
in increased loss of energy, which can be 
detected by a decrease in pressure distal to 
the lesion. 1S , 19 

Flow Changes 

At rest, the total blood flow to an extremity 
may be normal in the presence of a severe 
stenosis or even a complete obstruction of 
the main artery because of the development 
of collateral Circulation, as well as a com
pensatory decrease in the peripheral resis
tance. In such circumstances, measurement 
of systolic pressure, as discussed earlier, is 
a better method of assessing the presence 
and severity of the occlusive or stenotic pro
cess than measurement of blood flOW. 12,17 
Resting blood flow is reduced only when the 
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occlusion is acute and the collateral circula
tion has not had a chance to develop or, in 
the case of a chronic arterial obstruction, 
when the occlusive process is extensive and 
consists of two or more lesions in series. 
Although single lesions might not be 
associated with symptoms or significant 
changes in blood flow at rest, such lesions 
can significantly affect the blood supply 
when need is increased during exercise. In 
such cases, the sum of the resistances of the 
obstructions (stenosis, collateral resistance, 
or both) and of the peripheral resistance 
may prevent a normal increase in flow, and 
symptoms of intermittent claudication may 
develop. 

Arterial obstruction can lead to changes 
in the distribution of the available blood 
flow to neighboring regions or vascular 
beds, depending on the relative resistance 
and anatomic arrangement of these areas. 
For example, flow during exercise can 
increase in the skeletal muscle of the extrem
ity distal to an arterial obstruction, but 
because the distal pressure is reduced during 
exercise, the muscle "steals" blood from the 
skin and the blood supply to the skin of the 
foot is diminished. Such reduction in flow 
to the skin may be manifested clinically by 
numbness of the foot, a common symptom 
in patients with claudication. In lower 
extremities with extensive large vessel occlu
sion and additional obstruction in small 
distal branches, vasodilator drugs or sympa
thectomy may divert flow from the critically 
ischemic distal areas by decreasing resist
ance in less ischemic regions.2o Obstruction 
of the subclavian artery is known to cause 
cerebral symptoms in some patients because 
of reversal of flow in the vertebral arteries 
(the subclavian steal syndrome); similarly, 
obstructive lesions of the internal carotid 
artery · may lead to reversal of flow in the 
ophthalmic vessels, which communicate 
with external carotid branches on the 
face and scalp. 

Velocity Changes 

In normal arteries, flow velocity increases 
rapidly to a peak during early systole and 
decreases during diastole, when flow 

reversal can occur. The shape of the result
ing pulse velocity wave resembles the pres
sure gradient shown in Figure 1-4. The 
character of this velocity profile can be 
quantified from analogue velocity record
ings by calculating various indices of pul
satility and damping. 12,21 The characteristics 
of the waveform can also be appreciated by 
listening to the arterial flow sounds emitted 
by Doppler flow detectors. 12 Over normal 
peripheral arteries, double or triple sounds 
are heard; the second sound represents the 
diastolic flow reversal, and the third sound 
represents the second forward component. 
Whether the sounds are double or triple is 
probably not of practical clinical signifi
cance and may be related to a complex 
interplay of several factors. These factors 
include the basal heart rate and the shape 
of the pressure and flow waves. As discussed 
earlier, the latter factors depend on the 
degree of peripheral vasoconstriction and 
elastic properties of the arteries. 

Distal to an arterial stenosis the pulse 
velocity wave is more damped than normal 
and is similar in pattern to the pressure 
wave seen in Figure 1-6. Also, flow reversal 
disappears distal to an arterial stenosis. The 
calculated wave indices are thus altered, and 
the audible Doppler signals have a single 
component rather than the double or triple 
components usually heard.12,21 The disap
pearance of reversed flow distal to a steno
sis probably results from a combination of 
several factors, including (1)  the mainte
nance of a relatively high level of forward 
flow throughout the cardiac cycle (because 
of the pressure gradient across the stenosis); 
(2) resistance to reverse flow created by the 
stenotic lesion; (3) a decrease in peripheral 
resistance as a result of relative ischemia; 
and (4) damping of the pressure wave by the 
lesion, resulting in attenuated pressure 
pulses, which are less subject to the reflec
tions and amplification that normally con
tribute to diastolic flow reversal. 

Recordings of flow velocities at and distal 
to arterial obstructions are useful in the 
assessment of occlusive processes. The 
introduction of online frequency spectrum 
analysis allows better detection and quan
tification of flow abnormalities resulting 
from stenotic lesions. This subject is 
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considered in further detail in Chapters 2 
and 3, but it is of interest to comment on 
the physiologic principles illustrated by fre
quency spectra in normal and abnormal 
vessels. As noted previously, the velocity 
pattern across a vessel is flattened by such 
factors as the effect of branching (see Fig. 
I-IE). As a result, the particles in the central 
core of normal arteries flow with relatively 
uniform and high velocities during systole. 
This can be demonstrated by spectrum 
analysis of the arterial velocity Doppler 
signals, which reveals a narrow band of 
velocities near the maximum velocity. 22 

Stenotic lesions result in marked distur
bance of flow with the occurrence of abnor
mally high velocities, jet effects, irregular 
travel of particles in various directions and 
at different velocities, and eddy formation. 
The change in the direction of particle 
movement with respect to the axis of the 
vessel alters the observed Doppler shifts and 
also contributes to the occurrence of a large 
range of flow velocities registered with fre
quency spectral analysis. These effects of 
arterial stenosis are manifest as widening or 
dispersal of the band of systolic velocity 
(spectral broadening) or complete filling 
in of the spectral tracing, as discussed in 
Chapter 3. 

VENOUS HEMODYNAMICS 

As shown in Figure 1-2, the pressure 
remaining in the veins after the blood has 
traversed the arterioles and capillaries is low 
when the subject is in the supine position. 
Because of their relatively large diameters, 
medium and large veins offer little resist

ance to flow, and blood moves readily from 
the small veins to the right atrium, where 
the pressure is close to atmospheric pres
sure. Although the effects of arterial pres
sure and flow waves are rarely transmitted 
to the systemic veins, phasic changes in 
venous pressure and flow do occur in 
response to cardiac activity and because of 
alterations of intrathoracic pressure with 
respiration. Knowledge of these changes is 
necessary for correct assessment of peri
pheral veins by noninvasive laboratory 
studies. 

The final section of this chapter discusses 
changes in pressure and flow in various 
portions of the venous system that are 
associated with cardiac and respiratory 
cycles. Also considered are alterations in 
lower extremity veins that occur with 
changes in posture, the important conse
quences of competence or incompetence of 
venous valves, and the effects of venous 
obstruction. 

Flow and Pressure Changes 
During the Cardiac Cycle 

Figure 1-7 shows changes in pressure and 
flow in large veins such as the venae cavae 
that occur during phases of the cardiac 
cycle. Such oscillations in pressure and flow 
may, at times, be transmitted to more 
peripheral vessels. Characteristically, three 
positive pressure waves (a, c, v) can be dis
tinguished in central venous pressure and 
reflect corresponding changes in pressure in 
the atria. The a wave is caused by atrial con
traction and relaxation. The upstroke of the 
c wave is related to the increase in pressure 
when the atrioventricular valves are closed 
and bulge during isovolumetric ventricular 

Electrocardiogram 

Central venous pressure 

Flow in venae cavae 

FIGURE 1 -7. Schematic representation of normal 
changes in pressure and flow in the central veins asso
ciated with the cardiac cycle. a, a wave; c, c wave; v, v 
wave. 
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contraction. The subsequent downstroke 
results from the fall in pressure caused by 
pulling the atrioventricular valve rings 
toward the apex of the heart during 
ventricular contraction, thus tending to 
increase the atrial volume. The upstroke of 
the v wave results from a passive rise in atrial 
pressure during ventricular systole when the 
atrioventricular valves are closed and the 
atria fill with blood from the peripheral 
veins. The v wave downstroke is caused by 
the fall in pressure that occurs when the 
blood leaves the atria rapidly and fills 
the ventricles, soon after the opening of the 
atrioventricular valves, early in ventricular 
diastole. 

The venous pressure waves are associated 
with changes in flow. There are two periods 
of increased venous flow during each 
cardiac cycle. The first occurs during ven
tricular systole, when shortening of the 
ventricular muscle pulls the atrioventricular 
valve rings toward the apex of the heart. 
This movement of the valve ring tends to 
increase atrial volume and decrease atrial 
pressure, thus increasing flow from the 
extracardiac veins into the atria. The second 
phase of increased venous flow occurs after 
the atrioventricular valves open and blood 
rushes into the ventricles from the atria. 
Venous flow is reduced in the intervening 
periods of the cardiac cycle as the atrial 
pressure rises during and soon after atrial 
contraction and in the later part of the ven
tricular systole. Because there are no valves 
at the junction of the right atrium and 
venae cavae, some backward flow may actu
ally occur in the large thoracic veins during 
atrial contraction as blood moves in the 
reverse direction from the atrium into the 
venae cavae. 

The changes in pressure and flow in the 
large central veins that are associated with 
the events of the cardiac cycle are not 
usually evident in the peripheral veins of 
the extremities. This is probably the result 
of damping related to the high disten
Sibility (compliance) of the veins, as well 
as compression of the veins by intra
abdominal pressure and mechanical com
pression in the thoracic inlet. Because the 
effects of right-sided heart contractions are 
more readily transmitted to the large veins 

of the arms, the pulsatile changes in venous 
velocity associated with the events of the 
cardiac cycle tend to be more obvious in 
the upper extremities than in the veins of 
the legs. 

In abnormal conditions, such as conges
tive heart failure or tricuspid insufficiency, 
venous pressure is increased. This elevation 
of venous pressure may lead to the trans
mission of cardiac phasic changes in pres
sure and flow to the peripheral veins of the 
upper and lower limbs. Such phasic changes 
may occasionally be found in healthy, well
hydrated individuals, probably because a 
large blood volume distends the venous 
system. 

Venous Effects of Respiration 

Respiration has profound effects on venous 
pressure and flow. During inspiration, the 
volume in the veins of the thorax increases 
and the pressure decreases in response to 
reduced intrathoracic pressure. Expiration 
leads to the opposite effect, with decreased 
venous volume and increased pressure. The 
venous response to respiration is reversed in 
the abdomen, where the pressure increases 
during inspiration because of the descent of 
the diaphragm and decreases during expira
tion as the diaphragm ascends. Increased 
abdominal pressure during inspiration de
creases pressure gradients between periph
eral veins in the lower extremities and the 
abdomen, thus reducing flow in the peri
pheral vessels. During expiration, when 
intra-abdominal pressure is reduced, the 
pressure gradient from the lower limbs to 
the abdomen is increased and flow in the 
peripheral veins rises correspondingly. 

In the veins of the upper limbs, the 
changes in flow with respiration are oppo
site to those in the lower extremities. 
Because of reduced intrathoracic pressure 
during inspiration, the pressure gradient 
from the veins of the upper limbs to the 
right atrium increases and flow increases. 
During expiration, flow decreases because of 
the resulting increase in intrathoracic pres
sure and the corresponding rise of the right 
atrial pressure. The respiratory changes in 
flow in the upper limbs may be influenced 
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by changes in posture. With the upper parts 
of the body elevated, venous flow tends 
to stop at the height of inspiration and 
resumes with expiration, probably because 
of the compression of the subclavian vein at 
the level of the first rib during contraction 
of the accessory muscles of respiration. 

The respiratory effects are usually associ
ated with clear phasic changes in venous 
flow in the extremities; these can be 
detected by various instruments, includ
ing many forms of plethysmographs and 
Doppler flow detectors. The respiratory 
changes in venous velocity may be exagger
ated by respiratory maneuvers such as 
the Valsalva maneuver, which increases 
intrathoracic and abdominal pressures and 
decreases, abolishes, or even reverses flow in 
some peripheral veins. Also, the respiratory 
effects on venous flow may be diminished 
in the lower limbs in individuals who 
are chest or shallow breathers and whose 
diaphragm may not descend sufficiently 
to elevate intra-abdominal pressure. Venous 
flow then tends to be more continuous. 

Venous Flow and 
Peripheral Resistance 

Blood flow and flow velocity in the periph
eral veins, particularly in the extremities, 
are · profoundly influenced by local blood 
flow, which is in turn largely determined by 
the peripheral resistance or the state of vaso
constriction or vasodilatation. When limb 
blood flow is markedly increased as a result 
of peripheral vasodilatation (e.g., secondary 
to infection or inflammation), the flow 
tends to be more continuous, and the res
piratory changes in flow are less evident. 
When there is increased vasoconstriction in 
the extremities (e.g., when there is a need 
to conserve body heat and blood flow 
through the skin is decreased), venous flow 
is also markedly decreased and there may 
be no audible Doppler flow signals over a 
peripheral vein, such as the posterior tibial 
vein. Also, severe arterial obstruction may 
decrease overall blood flow and velocity in 
the vessels of the extremities and lead to 
decreased velocity signals over the venous 
channels. 

Effect of Posture 

In the upright position, the hydrostatic 
pressure is greatly increased in the depen
dent part of the body, particularly in the 
lower portions of the lower extremities. This 
increase in hydrostatic pressure, as indi
cated earlier, is associated with high trans
mural pressures in the blood vessels and, in 
turn, leads to greater vascular distention. 
In the veins, which have low pressure to 
start with and are distensible, considerable 
pooling of the blood occurs in the lower 
parts of the legs. The resulting decrease in 
venous return to the right atrium is associ
ated with diminished cardiac output. When 
the normal compensatory reflexes that 
increase peripheral resistance are impaired, 
decreased cardiac output can lead to 
hypotension and fainting. 

The movement of the skeletal muscles of 
the legs, such as that which occurs during 
walking, leads to decreased venous pressure 
because of the presence of one-way valves 
in the peripheral veins. Contraction of the 
voluhtary muscle squeezes the veins and 
propels the blood toward the heart. Muscu
lar contraction not only increases venous 
return and cardiac output but also inter
rupts the hydrostatic column of venous 
blood from the heart and thus decreases 
pressure in the peripheral veins (e.g., in the 
veins at the ankle). Activity of the skeletal 
muscles of the legs in the presence of com
petent venous valves therefore results in 
the lowering of pressure in the veins of 
the extremity, leading to decreased venous 
pooling, decreased capillary pressure, 
reduced filtration of fluid into the extracel
lular space than would otherwise occur, and 
increased blood flow because of increased 
arteriovenous pressure difference. 

Effect of External Compression 

Sudden pressure on the veins of the extrem
ities, whether caused by an active muscular 
contraction or external manual compres
sion of the limb, increases venous flow and 
velocity toward the heart and stops the 
flow distal to the site of the compression in 
the presence of competent venous valves. 
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The responses to sudden pressure changes 
are affected by venous obstruction and 
damage to the venous valves. The detection 
of such changes is important when assess
ing patients for the presence of venous 
disease. (This is discussed further in Chapter 
22.) 

Venous Obstruction 

Venous obstruction can be acute or chronic. 
hi the case of severe chronic obstruction, 
edema may occur. Also, the nutrition of the 
skin in the affected region may be impaired, 
and characteristic trophic changes in the 
skin and venous stasis ulcers may result. 
Acute obstruction, usually associated with 
thrombosis, may lead .to potentially fatal 
pulmonary embolism. Because the clinical 
diagnosis of acute deep vein thrombosis is 
unreliable, noninvasive procedures have 
been developed to enhance the accuracy of 
this diagnosis. 12 Various forms of plethys
mographs, Doppler flow detectors, and 
duplex ultrasound scanners may be used for 
this purpose. 

An audible Doppler signal should be 
present over peripheral veins; it can be 
easily distinguished from an arterial flow 
signal because of the absence of pulsatility 
synchronous with the heart. As indicated 
earlier, a signal may be absent in low-flow 
states, especially when the limb is cold 
and auscultation is carried out over small 
peripheral veins. Squeezing of the limb 
distal to the site of examination should 
temporarily increase flow and result in an 
audible signal if the vein is patent. Sponta
neous venous flow signals normally possess 
clear respiratory phases. However, if there is 
an obstruction between 'the heart and the 
examination site, the respiratory changes in 
venous velocity are absent or attenuated. 
Over larger, more proximal veins, such as 
the popliteal and mQre proximal vessels, the 
absence of audible signals after an adequate 
search is indicative of an obstructed venous 
segment. 

The presence or absence of obstruction is 
also gauged by increaSing flow toward the 
examination site by squeezing the limb 
distally or by activating the distal muscle 

groups and thus increasing venous blood 
flow toward the flow-detecting probe. 
Absence of increased flow sounds or atten
uation of increased flow' is associated with 
obstruction between the probe location and 
the site from which the enhancement of 
venous flow is attempted. 

Increase in flow is also elicited when 
manual compressibn of the limb proximal 
to the flow-detecting probe is released, 
because of low filling and pressure in the 
proximal veins that have been emptied by 
the compression. If the proximal veins at or 
near the point of compression are occluded, 
the augmentation of flow after release of the 
compression is attenuated. 

Venous Valvular Incompetence 

When the valves are competent, flow in 
the peripheral veins is toward the heart. 
However, flow may be temporarily dimin
ished or stopped soon after assumption of 
the upright posture, at the height of inspi
ration, or during the Valsalva maneuver. 
The peripheral veins normally fill from the 
capillaries, and the rate at which they fill 
depends on the peripheral resistance and 
blood flow, as determined by the degree 
of peripheral vasoconstriction. When there 
are incompetent veins proximally, there 
may be retrograde filling of the peripheral 
veins, such as those in the ankle region, 
from the more proximal veins, in addition 
to normal filling from the capillary beds. 12 
This retrograde filling may have serious con
sequences because of a resulting increase in 
hydrostatic pressure and filtration of fluid 
into the extravascular spaces in the upright 
pOSition. 

The presence or absence of the retrograde 
flow may be detected by listening with a 
Doppler flow det

'ector and squeezing the 
limb proximally. Also, various plethysmo
graphic methods can detect the rate of 
filling through measurement of venous 
volume, which changes with pressure, after 
the volume and pressure have been reduced 
by muscular action such as flexion
extension of the ankle in the upright posi
tion. After such exercise, the venous volume 
and pressure increase more rapidly when 
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CHAPTER 1 Peripheral Vascular and Cerebrovascular Disease 

the valves are incompetent, because the 
peripheral veins fill as a result of retrograde 
flow from the more proximal parts of the 
limbs. The application of a tourniquet or 
cuff with appropriate pressure compresses 
the superficial veins and allows localization 
of incompetent veins, not only to the 
various segments of the limbs, but also to 
the superficial veins as opposed to the per
forating or deep veins. 
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Chapter 
2 

Physics and Instrumentation 
in Doppler and B-Mode 

Ultrasonography 

This chapter presents an overview of the 
physical and technical aspects of vascular 
sonography, including the following: (1)  a 
brief review of relevant ultrasound-soft
tissue interactions, (2) pulse-echo principles 
and display techniques, (3) harmonic and 

. chirp imaging, (4) the Doppler effect as 
it applies to vascular sonography, (5) con
tinuous-wave (CW) and pulsed Doppler 
instrumentation, (6) the common tech
niques used for displaying Doppler signal 
spectral information, and (7) extended 
field-of-view and three-dimensional (3D) 
techniques. 

SOUND PROPAGATION 
IN TISSUE 

Sound waves are produced by vibrating 
sources, which cause particles in the 
medium to oscillate, setting up the wave. 
As sound energy propagates, it is attenu
ated, scattered, and reflected, producing 
echoes from various interfaces. In medi
cal ultrasonography, piezoelectric elements 
inside an ultrasound transducer serve as 
the source and detector of sound waves. The 
design of the transducer is such that the 
waves travel in a beam with a well-defined 
direction. The reception of reflected and 
scattered echo signals by the transducer 
makes possible the production of ultra
sound images and allows detection of 
motion using the Doppler effect. This 
section inspects factors that are important 

in the transmission and reflection of ultra
sound in tissue. 

Speed of Sound 

Most ultrasound applications involve trans
mitting short bursts, or pulses, of sound 
into the body and receiving echoes from 
tissue interfaces. The time between trans
mitting a pulse and receiving an echo is 
used to determine the depth of the inter
face. The speed of sound in tissue must be 
known to apply pulse-echo methods. 

Sound propagation speeds depend on 
the properties of the transmitting medium 
and not significantly on frequency or wave 
amplitude. As a general rule, gasses, includ
ing air, exhibit the lowest sound speed; 
liquids have an intermediate speed; and 
firm solids such as glass have very high 
speeds of sound. Speeds of sound in 
common media and tissues are listed in 
Table 2-1 .  For soft tissues, the average speed 
of sound has been found to be 1 540 m/sec.l 
Most diagnostic ultrasound instruments 
are calibrated with the assumption that 
the sound beam propagates at this average 
speed. Slight variations exist in the speed of 
sound from one tissue to another, but as 
Table 2-1 indicates, speeds of sound in 
specific soft tissues deviate only slightly 
from the assumed average. Adipose tissues 
have sound speeds that are lower than the 
average, whereas muscle tissue exhibits a 
speed of sound that is slightly greater than 
1540 m/sec. 
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Table 2-1 . Speed of Sound 
for Biologic Tissue 

Change 
Speed of from 
Sound 1540 

Tissue (m/sec) m/sec (%) 
Fat 1450 -5.8 
Vitreous humor 1 520 -1.3 
Liver 1 550 +0.6 
Blood 1 570 +1 .9 
Muscle 1 580 +2.6 
Lens of eye 1 620 +5 .2 

From Wells PNT: Propagation of ultrasonic waves 
through tissues. In Fullerton G, Zagzebski J (eds): 
Medical Physics of CT and Ultrasound. New York, 
American Institute of Physics, 1 980, P 38 1 .  

Frequency and Wavelength 

The number of oscillations per second of 
the piezoelectric element in the transducer 
establishes the frequency of the ultrasound 
wave. Frequency is expressed in cycles 
per second, or hertz (Hz). Audible sounds 
are in the range of 30 Hz to 20 kHz. Ultra
sound refers to any sound whose frequency 
is above the audible range (Le., above 
20 kHz). Diagnostic ultrasound applications 
use frequencies in the I-MHz to 30-MHz (1  
million to 30 million Hz) frequency range. 
Manufacturers of ultrasound eqUipment 
and clinical users strive to use as high a 
frequency as practical that still allows 
adequate visualization depth into tissue (see 
section on attenuation). Higher frequencies 

Table 2-2. Wavelengths for Various 
Ultrasound Frequencies 

Frequency (MHz) Wavelength* (mm) 

1 1 .54 
2.25 0.68 
5 0.31 

10 0.15 
1 5  0. 103 

* Assuming a speed of sound of 1540 m/sec. 

are associated with improved spatial detail, 
or better resolution. 

Figure 2-1 shows what might be called a 
snapshot of a sound wave, captured at an 
instant of time. It illustrates accompanying 
compressions and rarefactions in the med
ium that result from the particle oscilla
tions. The wavelength A is the distance over 
which a property of a wave repeats itself. It 
is defined by the equation 

IL = '£ 
f 

(2-1) 

where c is the speed of sound and f is the 
frequency. Table 2-2 presents values for the 
wavelength in soft tissue, where the speed 
of sound is taken to be 1540 m/sec, for 
several frequencies. A good rule of thumb 
for tissues is the wavelength At = 1 .5  mm/F, 
where F is the frequency expressed in MHz. 
For example, if the frequency is 5 MHz, the 
wavelength in soft tissue is approximately 
0.3 mm. Higher frequencies have shorter 
wavelengths and vice versa. 

Compression Rarefaction 

frlii I i  I I I  I III I I I I I Wil l I I 1LJ .. 0 • 0 • 0 0 0 0jO 0 0 0 0 0 • 0 0j O 0 • •  
: Wavelength : 
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FIGURE 2-1 .  Sound waves 
produced by an ultrasound 
transducer. Vibrations of the 
transducer are coupled into the 
medium, producing local flue· 
tuations in pressure. The fluc
tuations propagate through the 
medium in waves. The pres
sure amplitude is the maximum 
pressure swing, positive or nega· 
tive. The diagram schematically 
illustrates compressions and rar· 
efactions at an instant of time. 
The symbol A is the acoustic 
wavelength. Distance 
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Wavelength has relevance when describ
ing dimensions of objects, such as reflectors 
and scatterers in the body. The size of an 
object is most meaningfully expressed if 
given relative to the ultrasonic wavelength 
for the frequency of the sound beam. Simi
larly, the width of the ultrasound beam 
from a transducer depends in part on the 
wavelength. Higher-frequency beams have 
shorter wavelengths and are narrower than 
lower-frequency beams. 

Amplitude, Intensity, 
and Power 

A sound wave is accompanied by pressure 
fluctuations in the medium. The pressure 
profile that could occur for the wave in 
Figure 2-1 might appear as in the graph in 
the lower part of this figure. The pressure 
amplitude is the maximal increase (or 
decrease) in the pressure caused by the 
sound wave. The unit for pressure is the 
pascal (Pa). Pulsed ultrasound scanners 
can produce peak pressure amplitudes of 
several million pascals in water when 
power controls on the machine are adjusted 
for maximal levels. As a benchmark for 
comparison, atmospheric pressure is ap
proximately 0. 1 MPa, so it is clear that 
ultrasound fields from medical devices sig
nificantly exceed this mark. The high
pressure amplitudes of an ultrasound pulse 
can easily burst contrast agent bubbles (see 
later) that are sometimes injected into the 
blood stream to enhance echo Signals. Diag
nostic levels, however, are not believed to 
create biologic effects in tissues if such gas 
bodies are not present. 

The intenSity (I) of a sound wave at a 
point in the medium is estimated by squar
ing the pressure amplitude (P) and using I = 
P2/2pc, where p is the density and c is the 
speed of sound. Units for ultrasound inten
sity are watts per meter squared (W /m2) or 
multiples thereof, such as mW/cm2. In 
water, a 2-MPa amplitude during the pulse 
corresponds to a pulse average intensity of 
133 W/cm2! This is a high intensity, but, for
tunately, it is not sustained by a diagnostic 
ultrasound device because the duty factor 
(Le., the fraction of time the transducer 

actually emits ultrasound) typically is less 
than O.OOS. Therefore, the time-averaged 
acoustic intensity from an ultrasound ma
chine, found by averaging over a time that 
includes transmit pulses as well as the time 
between pulses, is much lower than the 
intensity during the pulse. Typical time
averaged intensities at the location in the 
ultrasound beam where the maximal val
ues are found are on the order of 10 to 
20 mW/cm2 for B-mode imaging. Doppler 
and color flow imaging modes have higher 
duty factors. Moreover, these modes tend to 
concentrate the acoustic energy into smaller 
areas. Time-averaged intensities for Doppler 
modes may be a few hundred mW/cm2 for 
color flow imaging and as high as 1000 to 
2000 mW/cm2 for pulsed Doppler!2,3 

The acoustic power produced by a scanner 
is the rate at which energy is emitted by the 
transducer. Average acoustic power levels in 
diagnostic ultrasonography are low because 
of the small duty factors used in most equip
ment. Typical power levels are on the 
order of 10 to 20 m W for black and white 
imaging, but may be three to times this 
value for color flow modes of operation. 

Acoustic Output Labels 
on Machines 

The transmit level, or the output power, 
on most scanners may be adjusted by the 
operator. Increasing the power applies a 
more energetic signal to the transducer, 
thereby increasing the pressure amplitude 
and increasing the power and the inten
sity of the waves produced. Higher power 
levels are advantageous because they enable 
detection of echoes from more weakly 
reflecting interfaces in the body. The disad
vantage of high power levels is that they 
expose the tissue to greater amounts of 
acoustic energy, increasing the potential for 
biologic effects. Although there are no con
firmed effects of ultrasound on patients 
during diagnostic ultrasound exposures, 
most operators attempt to follow the ALARA 
principal (as low as reasonably achievable) 
when adjusting the power level and other 
instrument controls that affect output 
levels. 
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It would be difficult to follow ALARA 
without labels on the machine to inform 
the operator "how much" ultrasound 
energy is being applied. Although some 
ultrasound machines display relative output 
indications, such as a transmit level per
centage, a relative level in decibels, or 
simply the setting of a power control knob, 
such labels do not provide users sufficient 
information to help them understand the 
likelihood that the sound levels produced 
might be in an undesirable zone. 

To help operators implement the ALARA 
principle, output labels are used that are 
related to the biologic effects of ultra
sound.4 One of the potential effects is "cav
itation," which describes activity of small 
gas bodies under the action of an ultra
sound field. When gas bodies are present, 
such as when there are contrast agents 
in the ultrasound field, cavitation increases 
the local stresses on tissue that are asso
ciated with the ultrasound waves. If the 
wave amplitude is high enough, collapse of 
the gas body occurs, and this is accompa
nied by localized energy depositions that 
significantly exceed depositions that might 
occur without cavitation. Cavitation is 
believed to be most closely associated with 
the peak negative pressure in the ultrasound 
wave. Scientists have developed a "mechan
ical index" (MI) that is derived from the 
peak negative pressure in the medium. For 

most ultrasound machines, the current 
maximum MI in the field is displayed in 
a prominent position on the display 
(Fig. 2-2). 

Another way that ultrasound energy may 
affect tissue is by heating through absorp
tion of the waves. Absorption is one of the 
mechanisms that result in attenuation of a 
sound beam as it propagates through tissue. 
A corresponding index, the "thermal index" 
(TI) is displayed to indicate the likelihood 
of heating (see Fig. 2-2). This is estimated 
using the time average acoustic power or the 
time average intensity, along with detailed 
mathematical models for the sound beam 
pattern and assumptions on the ultrasonic 
and thermal properties of the tissue. 
Depending on the application, a machine 
will exhibit either a soft tissue thermal 
index value (Tis) or a thermal index for the 
case in which absorbing bone is at the beam 
focus (TIb). Another value that sometimes is 
used is TIC! a thermal index that is appro
priate for trans cranial Doppler, (TIc), where 
heating could occur in bone. 

The acoustic output labeling standard 
calls for a clear display of MI and TI. 4 The 
standard is followed by most ultrasound 
equipment manufacturers, and it provides 
ultrasound system operators values of 
acoustic output quantities that are relevant 
to the possibility of biologic effects from the 
ultrasound exposures. 

FIGURE 2-2. Ultrasound image 
showing display of the mechan
ical index (MI) and thermal 
index (TI). 
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Decibel Notation 

Decibels are used frequently to indicate rel
ative power, intensity, and amplitude levels. 
Their use is a way to express the ratio of 
two signal amplitudes or two intensities. 
Suppose one wishes to express how much 
greater (or smaller) intensity (II) is relative 
to another (1z). Their relative value in 
decibels is given by 

dB II 10 log -
Iz 

(2-2) 

Thus, the decibel relation between two 
intensities is just the log of their ratio mul
tiplied by 10. The same equation holds for 
expressing the ratio of two power levels. The 
difference in decibels between two powers 
is found by taking the log of their ratio and 
multiplying by 10. 

Sometimes amplitudes rather than the 
intensities of two signals are used to express 
decibels. For a given decibel level, one must 
account for the fact that the intensity is 
proportional to the square of the amplitude. 
Substituting the corresponding amplitudes 
(AI and Az) into equation 2-2, squaring 
them, and taking into account that log (XZ) 
is 2(log x), we have the relationship 

dB Al 20 10g -
Az 

Notice, the multiplicative factor is 20 rather 
than 10 when converting amplitude ratios 
to decibels. 

Table 2-3 lists decibel values for various 
intensity and amplitude ratios. Notice that 
a 3-dB increase in the intensity is the same 
as doubling the quantity. A lO-dB increase 
corresponds to a lO-fold increase, and a 20-
dB increase means that the intensity is mul
tiplied by 100. The lower half of the table 
shows decibel changes corresponding to 
reductions of the intensity. A 3-dB decrease 
is the same as halving the intensity, and 
so forth. 

Frequently, decibels are used to describe 
the loudness of audible sounds. Here, the 
level of one sound often is expressed with 
no explicit comparison to another, such as 

Table 2-3. Decibel Differences 
Corresponding to Various Intensity 
and Amplitude Ratios· 

Amplitude Intensity 
Ratio Ratio 
(A.lA2) (1./12) 

1 
1 .4 1  2 
2 4 
2.828 8 
3. 1 6  1 0  
4.47 20 

1 0  1 00 
1 00 1 0,000 

1 1 
0. 707 0.5 
0.5 0.25 

Decibel 
Difference 
(dB) 

0 
+3 
+6 
+9 

+ 1 0  
+ 1 3  
+20 
+40 

0 
-3 
-6 

*For example, if 11 is 10 times 12, it is 10 dB greater 
than 12• A 20-dB difference between two signals 
corresponds to both a ratio of 10 for their 
amplitude or a ratio of 100 for their intensities, 
and so forth. 

"the sound intensity of the jet at takeoff was 
1 10 dB."  However, with airborne sounds, a 
reference intensity is implied when not 
stated explicitly. This reference is lz = 
10-12 W/m2, the accepted threshold for 
human hearing. 

Attenuation 

As a sound beam propagates through tissue, 
its intensity decreases with increasing dis
tance. This decrease with path length is 
called attenuation. Attenuation of medical 
ultrasound beams is caused by reflection 
and scatter of the waves at boundaries 
between media having different densities or 
speeds of · sound and absorption of ultra
sonic energy by tissues. As mentioned pre
viously, absorption may lead to heating if 
beam power levels are sufficiently high. 

The rate of attenuation in relation to 
distance is called the attenuation coefficient, 
expressed in decibels per centimeter. The 
attenuation coefficient depends on both the 
medium and the ultrasound frequency. 
Figure 2-3 illustrates attenuation coeffi
cients for a few tissues, plotted versus the 
frequency. Attenuation is quite high for 
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FIGURE 2-3. Variation of attenuation with tissue type 
and frequency. 

muscle and skin, has an intermediate value 
for large organs such as the liver, and is very 
low for fluid-filled structures. For the liver, 
it is approximately 0.5 dB/cm at 1 MHz, 
whereas for blood, it is about 0. 1 7  dB/cm 
at 1 MHz. An important characteristic of 
attenuation is its frequency dependence. 
For most soft tissues, the attenuation co
efficient is nearly proportional to the 
frequency. 1 The attenuation expressed in 

decibels would roughly double if the 
frequency were doubled. Thus, higher
frequency sound waves are more severely 
attenuated than lower-frequency waves, 
and the high-frequency beams cannot pen
etrate as far as low-frequency beams. Diag
nostic studies with higher-frequency sound 
beams (7 MHz and above) are usually 
limited to superficial regions of the body. 
Lower frequencies (5 MHz and below) must 
be used for imaging large organs, such as 
the liver. 

Reflection 

Figure 2-4 shows an ultrasound image of 
the carotid artery of a normal adult. The 
walls of the vessel can be seen because of 
reflection of sound waves. Echoes from 
muscle and other tissues are also produced 
by reflections and by ultrasonic scatter. Both 
reflection and scatter contribute to the 
detail seen on clinical ultrasound scans. 

Partial reflection of ultrasound waves 
occurs when they are incident on interfaces 
separating tissues having different acoustic 

FIGURE 2-4. B-mode image of an arterial graft. Such images are constructed from echoes detected from large inter
faces (arrows) and from small scatterers (smooth echo region) . Bright dots on ultrasound B-mode images indicate 
high amplitude echoes, and dim dots indicate low amplitudes. Notice how the echoes from the vessel wall vary 
as the orientation changes slightly, characteristic of a specular reflector. The highest-amplitude echoes occur when 
the interface is perpendicular to the ultrasound beam. The interior of the vessel appears anechoic because blood 
has a lower backscatter level (lower echogenicity) than surrounding tissues. Scattering from small interfaces pro
duces the vast majority of echoes visualized throughout the image. 
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properties. The fraction of the incident 
energy that is reflected depends on the 
acoustic impedances of the tissues forming 
the interface. The acoustic impedance (Z) is 
the speed of sound (c) multiplied by the 
density (p) of a tissue. The amplitude or 
strength of the reflected wave is propor
tional to the difference between the 
acoustic impedances of tissues forming 
the interface. 

The reflection coefficient quantifies the 
relative amplitude of a wave reflected at an 
interface. It is the ratio of the reflected 
amplitude to the incident amplitude. For 
perpendicular incidence of the ultrasound 
beam on a large, flat interface (Fig. 2-5), 
reflection coefficient (R) is given by 

(2-3) 

where the impedances Zl and Zz are identi
fied in Figure 2-5. 

Equation 2-3 shows that the larger the 
difference between impedances Zz and Zl, 
the greater will be the amplitude of the echo 
from an interface, and hence, the less will 
be the transmitted signal. Large impedance 
differences are found at tissue-to-air and 
tissue-to-bone interfaces. In fact, such 
interfaces are nearly impenetrable to an 
ultrasound beam. In contrast, significantly 
weaker echoes originate at interfaces formed 
by two soft tissues because, generally, there 
is not a large difference in impedance 
between soft tissues.6 

Large, smooth interfaces, such as those 
indicated in Figure 2-5, are called specular 

I ncident beam Transmitted beam 

-

Echo 

I mpedance Z, Impedance Z2 

FIGURE 2-5. Reflection at a specular interface. The echo 
amplitude depends on the difference between the 
acoustic impedances ZI and Z2 of the materials forming 
the interface. 

reflectors. The direction in which the 
reflected wave travels after striking a specu
lar reflector is highly dependent on the 
orientation of the interface with respect to 
the sound beam. The wave is reflected back 
toward the source only when the incident 
beam is perpendicular or nearly perpendi
cular to the reflector. The amplitude of an 
echo detected from a specular reflector thus 
also depends on the orientation of the 
reflector with respect to the sound beam 
direction. The ultrasound image in Figure 
2-4 was obtained using a linear array probe, 
which sends individual ultrasound beams 
into the scanned region in a vertical direc
tion as viewed on the image. Sections of the 
vessel wall that are nearly horizontal yield 
the highest amplitude echoes and hence 
appear brightest because they were closest 
to being perpendicular to the ultrasound 
beams during imaging. Sections where 
the vessel is slightly inclined are seen as 
less bright. 

Some soft-tissue interfaces are better clas
sified as diffuse reflectors. The reflected waves 
from a diffuse reflector propagate in various 
directions with respect to the incident 
beam. Therefore, the amplitude of an echo 
from a diffuse interface is less dependent on 
the orientation of the interface with respect 
to the sound beam than the amplitude 
detected from a specular reflector. 

Scattering 

For interfaces whose dimensions are small, 
reflections are classified as "scattering. " 
Much of the background information 
viewed in Figure 2-4 results from scattered 
echoes, where no one interface can be iden
tified but usually echoes from many small 
interfaces are picked up simultaneously. The 
scattered waves spread in all directions, as 
suggested in Figure 2-6. Consequently, 
there is little angular dependence on the 
strength of echoes detected from scatterers. 
Unlike the vessel wall, which is best visual
ized when the ultrasound beam is perpen
dicular to it, the scatterers are detected 
with relatively uniform average amplitude 
from all directions. Echoes resulting from 
scattering within organ parenchyma are 
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FIGURE 2-6. Scattering of ultrasound by small in
homogeneities. 

clinically important because they provide 
much of the diagnostic detail seen on ultra
sound scans. 

In Doppler ultrasound, blood flow is 
detected by processing signals resulting 
from scattering by red blood cells. At diag
nostic ultrasound frequencies, the size of a 
red blood cell is very small compared with 
the ultrasonic wavelength. Scatterers of this 
size range are called Rayleigh scatterers. The 
scattered intensity from a distribution of 
Rayleigh scatterers depends on several 
factors: (1)  the dimensions of the scatterer, 
with a sharply increasing scattered intensity 
as the size increases; (2) the number of scat
terers present in the beam (e.g., Shung has 
demonstrated that when the hematocrit is 
low, scattering from blood is proportional to 
the hematocrif); (3) the extent to which the 
density or elastic properties of the scatterer 
differ from those of the surrounding mate
rial; and (4) the ultrasonic frequency. (For 
Rayleigh scatterers, the scattered intensity is 
proportional to the frequency to the fourth 
power.) 

Nonlinear Propagation 

A sound wave traveling through tissue will 
also undergo gradual distortion with dis
tance if the amplitude is high enough. This 
is a manifestation of nonlinear sound prop
agation, and it leads to creation of harmonic 
waves, or waves that have frequencies that 
are multiples of that of the original trans
mitted wave. When partial reflection of the 

distorted beam occurs at an interface, the 
reflected echo consists of both the original, 
"fundamental frequency signals" and har
monic components. A 3-MHz fundamental 
echo is accompanied by a 6-MHz second 
harmonic echo and so on. Higher-order 
harmonics are possible, but attenuation in 
tissue usually limits the ability to detect 
them. Although the second harmonic 
echoes themselves are of lower amplitude 
than the fundamental, it is possible to dis
tinguish them from the fundamental in the 
processor of an ultrasound machine and to 
use them to construct an image, called a 
tissue harmonic image.s 

A noteworthy character of tissue har
monic images is that they appear less noisy 
and have fewer reverberation artifacts than 
images made with the fundamental. This is 
believed to be related to the way the har
monic component of the beam forms; i.e., 
the harmonics gradually grow in amplitude 
with increasing depth. The harmonic is not 
present at the skin surface but gradually 
develops as the beam propagates deeper and 
deeper into tissue. The second harmonic 
reaches a peak at some intermediate depth 
in the patient, then reduces with further 
increases in depth. Any reverberations or 
other sources of acoustic noise generated 
when the transmitted pulse is near the skin 
surface preferentially contains fundamental 
frequencies because the harmonics have 
not built up to any appreciable level at that 
pOint. Examples of harmonic images are 
presented later in this chapter. 

B-MODE IMAGING 

Range Equation 

Ultrasound imaging is done using "pulse
echo" techniques. An ultrasonic transducer 
is placed in contact with the skin (Fig. 2-7). 
The transducer repeatedly emits brief pulses 
of sound at a fixed rate, called the pulse rep
etition frequency, or PRE After transmitting 
each pulse, the transducer waits for echoes 
from interfaces along the sound beam path. 
Echo signals picked up by the transducer 
are amplified and processed into a format 
suitable for display. 
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FIGURE 2-7. Simple block dia
gram of a pulse-echo ultrasound 
instrument. 

The distance to a reflector is determined 
from the arrival time of its echo. Thus, 

d = cT 
2 

(2-5) 

where 
d 

is the depth of the interface, T is 
the echo arrival time, and c is the speed of 
sound in the tissue. The factor 2 accounts 
for the roundtrip journey of the sound pulse 
and echo. Equation 2-5 is called the range 
equation in ultrasound imaging.9 A speed of 
sound of 1 540 m/sec is assumed in most 
scanners when calculating and displaying 
reflector depths from echo arrival times. The 
corresponding echo arrival time is 13 Ils/cm 
of distance to the reflector. 

Signal Processing 

To create images, pulses of sound are trans
mitted along various beam lines, each 
followed by reception and processing of 
resultant echo signals. Imaging is done with 
transducer arrays, where echo signals are 
acquired by individual elements and are 
combined within a beam former into a 
single signal for each beam line. The role of 
the beam former will be discussed in more 
detail later. Following the beam former, 
echo signal processing for imaging consists 
of amplifying the signals; applying time 
gain compensation to offset effects of beam 

Pulsers 
G) Tx Focus 

Power 

Digitizers 
Beam-former 

Receiver 
Gain G) Compress 
Pre-process 

Scan Converter 
r+\loom 

Wpost Process 

Archive 

attenuation; applying nonlinear, logarith
mic amplification to compress the wide 
range of echo signal amplitudes (called the 
displayed echo dynamic range) into a range 
that can be displayed effectively on a mon
itor; demodulation, which forms a single 
spike-like signal for each echo; and B-mode 
(for brightness mode) processing. The B
mode display is used in imaging. Signal pro
cessing steps are shown in Figure 2-8. 

Forming the Image 

Two well-known echo display techniques 
are also illustrated in the lower two panels 
of Figure 2-8. The amplitude (A)-mode 
display is a presentation of the echo signal 
amplitude versus the echo return time, . 
or the reflector depth. This is a one
dimensional display portraying echo signals 
and their amplitudes along a single beam 
line; i.e., along one direction. In contrast, 
the more versatile B-mode display is used 
for gray-scale imaging. The display is 
formed by converting echo signals to dots 

. on a monitor, with the brightness indicat-
ing echo amplitudes. 

In B-mode scanning, sound beams are 
swept over a region (Fig. 2-9), and echo 
signals are registered on a two-dimensional 
(2D) matrix in a position that corresponds 
to their anatomic origin. Registration is 
done by placing the B-mode dots along a 
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No TGC 

With TGC 

AMode 

1-7 : : : : : 1-
BMode 

line that corresponds to the axis of the ultra
sound beam as it sweeps across the scanned 
field; the proper depth of each echo is deter
mined from the arrival time. In Figure 2-9, 
the sound beam is swept by electronic 
switching between groups of elements in a 
linear array transducer. The B-mode display 
on the monitor follows the axis of the ultra
sound beam as it is swept across the imaged 
region. Usually, 100 to 200 or more separate 
ultrasound beam lines are used to construct 

FIGURE 2-8. Signal processing 
for imaging. From top to bottom, 
the diagram illustrates the radio 
frequency signal versus depth 
for a single beam line; the same 
signal after application of time 
gain compensation (TGC); the 
demodulated, or A-mode wave
form; and the B-mode display of 
the echoes for this line. 

each image. Most ultrasound systems have 
controls that allow the operator to vary the 
beam line denSity, either directly or indi
rectly when some other image processing 
control is manipulated. 

Image Memory 

An image memory, or scan converter, tem
porarily retains images for review and 

FIGURE 2-9. Ultrasound B-mode 
scanning using a linear array. 
Each sketch shows the position 
of an ultrasound beam line 
interrogating the scanned field. 
The resultant B-mode echo dis
play trace changes with the 
position of the beam line. 
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photography and converts the image 
format into one that can be viewed on a 
video monitor or that can be recorded on 
videotape. The scan converter is a digital 
device and may be thought of as a matrix 
of pixels (image elements); typically, 500 or 
more pixels are arranged vertically, and 
about 500, horizontally. The more pixels 
horizontally and vertically, the better the 
detail that is represented in the memory, 
which is particularly important if a post
processing digital zoom is applied. 

Image attributes such as the echo ampli
tude at each pixel location are represented 
using a sequence of Is and Os, as is the prac
tice for digital devices. The fundamental 
unit of storage in a digital device is a Singu
lar entity called a bit. A single bit can take 
on a value of either 1 or 0, but by grouping 
bits into multi-bit storage cells, each multi
bit word can represent a large range of 
values because of the different combina
tions of 1 and 0 that can be accommodated. 
For example, "8-bit" memories divide the 
echo signal into 255 (28) different amplitude 
levels and store an appropriate level at each 
pixel location. Twelve-bit memories repre
sent the echo amplitudes using 4096 (212) 
levels, and so forth. The more bits (ampli
tude levels), the more different shades of 
gray are possible from the stored image, 
especially during post-processing (see later). 
Modern scanners also allow storage of cine 
loops, using a memory that can retain many 
separate images. 

A variety of types of storage media are 
used in ultrasound. Some laboratories con
tinue their use of hard copy, such as film or 
other print media. For studies where flow or 
other dynamic information must be viewed, 
video tape recorders can store significant 
quantities of information and facilitate 
archiving. 

Today's ultrasound machines are 
equipped with digital storage devices, 
including fixed computer disks, removable 
magnetic media such as ZIP disks, and CD
ROMs, and these devices are used to archive 
study results. Software on the machine can 
be invoked to recall specific studies and 
display the image or cine loop sequence. In 
addition, the majority of installations now 
utilize computer networks for transferring 

images, making it possible to view study 
results on workstations and archive infor
mation in centrally organized digital col
lections. PACS (Picture Archiving and 
Storing) software is available to do these 
tasks, either on the ultrasound machine 
itself or off line. A standard file organization 
system, the Digital Imaging and Communi
cations in Medicine (DICOM) standard, was 
created by the National Electrical Manu
facturers Association and other standards 
bodies to aid in the distribution and 
viewing of ultrasound and other medical 
images created by equipment from different 
manufacturers. Each DICOM file contains a 
"header section" that has information 
including the patient's name, the type of 
scan, image dimenSions, and more, as well 
as the image data itself. Some scanners 
reqUire a converter box to accept the image 
data from the scanner, convert it to a 
DICOM file, and then transfer the file to the 
PACS network. More commonly, scanning 
machines themselves have software to 
convert files to DICOM format and com
municate with the external PACS network. 
When files are in DICOM format, users with 
access either to the archived data on the 
scanning machine or from the network 
itself can employ DICOM readers available 
for workstations and personal computers to 
view, archive externally, print, and manipu
late the image data. 

Frame Rate 

In most applications, B-mode imaging is 
performed with "real-time" scanning ma· 
chines. These machines automatically 
sweep ultrasound beams over the imaged 
region at a rapid rate, say 30 sweeps per 
second or higher. The image frame rate is the 
number of complete scans per second 
carried out by the system. Fundamentally, 
image frame rates are limited by the sound 
propagation speed in tissue. An image is 
produced in the machine by sending ultra
sound pulses along 100 to 200 different 
beam directions (beam lines) into the body. 
For each beam line, the scanner transmits a 
pulse and waits for echoes along that beam 
line, all the way down to the maximum 
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depth setting. Then it transmits a pulse 
along a new beam direction and repeats the 
process. Beam lines are addressed serially, 
meaning the scanner does not transmit a 
pulse along a new beam line until echoes 
have been picked up from the maximum 
depth in the previous line. The speed with 
which the pulse propagates through tissue, 
the depth setting of the scanner, the 
number of transmit focal zones, and the 
number of beam lines used to form a single 
image frame all intermix to establish the 
maximal possible image frame rate. 

Using the range equation, if the max
imum depth setting is D, it takes a time 
(T = 2D/c) to receive echoes from the entire 
beam line. The amount of time for a com
plete image frame constructed with data 
from N beam lines is simply N x T, or 2 
ND/c. If the maximum frame rate is FRmax, 
FRmax will be equal to the inverse of the time 
needed for a complete image. This may be 
written as 

FRmax ::::: 1 
NT 

c 
2ND 

(2-6) . 

For soft tissue in which the speed of 
sound is about 1540 m/sec, or 154,000 cm/ 
sec, if the depth setting (D) is expressed in 
centimeters, Equation 2-6 also works out to 

FRmax = 77, 000 
Hz 

ND(crn) 

For example, with N = 200 beam lines 
and an image depth of 15 .4 cm, FRmax is 
25 Hz. 

Operators can easily verify that reducing 
the depth setting on the machine will 
increase the frame rate, and vice versa. 
Often, the machine is programmed to 
provide as high a frame rate as is practical 
for the operator settings. Some machines 
allow the operator to change N, the num
ber of beam lines used to form the image, 
for example, by increasing the angular 
separation between beam lines. This, in 
turn, also affects the frame rate, as does 
changing the horizontal size of the image 
and changing the number of transmit focal 
zones. 

TRANSDUCER PROPERTIES 

An ultrasound transducer provides the 
communicating link between the imaging 
system and the patient. Medical ultrasound 
transducers use piezoelectric ceramic ele
ments to generate and detect sound waves. 
Piezoelectric materials convert electric sig
nals into mechanical vibrations and pres
sure waves into electric Signals. The ele
ments, therefore, serve a dual role of pulse 
transmission and echo detection. 

Internal components of an array trans
ducer are shown in Figure 2-10. In the 
figure, the elements are seen from the side, 
and the ultrasound waves would be pro
jected upward. The thickness of the piezo
electric element governs the resonance 
frequency of the transducer. Quarter-wave 
matching layers between the piezoelectric 
elements and a protective outer faceplate 
are used O,n most transducers. Analogous 
to special optical coatings on lenses and on 
picture frame glass, the matching layers 
improve sound transmission between the 
transducer and the patient. This improves 
the transducer's sensitivity to weak echoes. 
Backing material is often used in pulse-echo 

FIGURE 2-1 0. Drawing of an array transducer. A 
number of rectangular-shaped piezoelectric elements 
are mounted side by side within the array housing. 
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applications to dampen the element vibra
tions after the transducer is excited with an 
electric impulse. Dampening shortens the 
duration of the transmitted pulse, improv
ing the axial (or range) resolution. With 
optimized designs of the matching and 
backing layers, transducers can be made to 
operate over a range of frequencies. Hence, 
ultrasound machines provide a frequency 
control switch that the operator manipu
lates to select the frequency. from a menu of 
choices available for each probe. Some 
transducers have sufficient frequency range 
that harmonic imaging can be done, where 
a low-frequency transmit pulse is sent out, 
and echoes whose frequency is twice that 
transmitted are detected and used in 
imaging. 

Types of Transducers 

The operation of three principal types of 
array transducers is presented in Figure 
2-1 1 .  The most important transducer for 
peripheral vascular applications is the 
"linear array. " "Curvilinear arrays" and 
"phased arrays" also are used in the clinic 
but mainly for imaging deeper structures in 
the body. Their use in imaging superficial 
vessels is rather limited. 

Linear (Sequential) Array Scanner 

An array of perhaps 200 separate rectangu
larly shaped transducer elements is arranged 
side by side in the transducer housing. 
Conceptually, groups of perhaps 15 to 20 
elements are activated simultaneously to 
produce each ultrasound beam. The beam 
line would be centered over the central 
element in the group, except when beam 
lines are near the lateral margins of the 
image and an asymmetric element arrange
ment would be used. An image frame is 
initiated by a group of elements on one end 
of the array. The group transmits a pulsed 
beam and collects the echo signals for this 
beam line. The active element group is 
shifted (translated) by one element, forming 
a new element group, and the pulse-echo 
process is repeated along a second, parallel 

A 

\ 
____ I I 

B 
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c 
FIGURE 2-1 1 .  Transducer types. A, Linear array trans
ducer. B, Curvilinear array scanner. C, Phased array 
scanner. 

beam line. The active element group pro
gresses from one end of the array to the 
other by switching among the elements. 
Beam lines are parallel to one another, and 
the resultant image format is rectangular. 

The linear array image format may be 
expanded by applying "beam steering" that 
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directs additional ultrasound beams at 
angles lateral to the transducer footprint. 
This approach borrows from phased-array 
transducer scanning methods, described 
later. It broadens the imaged field, particu
larly at depths away from the source, and 
improves overall visualization of mid-depth 
to deep structures. 

Curvilinear Array Scanner 

These arrays are similar to the linear array, 
only the elements are arranged along a 
convex scanning surface. The method for 
image formation is identical to that of the 
linear array, in which the active element 
group is switched progressively from one 
side of the array to the next. The fan-like 
arrangement of the element support results 
in a sector shape for the imaged field. Com
pared with the linear array, the curved array 
provides a wider image at large depths from 
a narrow scanning window on the patient 
surface. 

Phased-Array Scanner 

Phased-array scanners consist of an array of 
120 or so very narrow rectangular elements 
arranged side by side. In contrast to the 
operation of the linear and curvilinear 
arrays, all elements in the phased array are 
used for each beam line. The ultrasound 
beam is "steered" by introducing small-time 
delays between the transmit pulses applied 
to individual elements. Time delays are also 
applied among echo signals picked up from 
individual elements during reception, steer
ing the received directionality as well. An 
image is formed using perhaps 100 beams 
steered in different directions. The advan
tage of the phased array is that it provides 
a very broad imaged field at large depths, 
and this is done with a narrow transducer 
footprint. The transducer readily fits 
between the ribs or underneath the rib 
cage for cardiac scanning. It also makes easy 
the search for scanning windows in the 
abdomen, where wound dressings or gas 
bodies may be present to impede ultrasound 
beam transmission. 

Axial Resolution, Lateral 
Resolution, and Slice Thickness 

Spatial resolution describes the minimum 
spacing between two reflectors for which 
they can be distinguished on the display. 
Important factors are the axial resolution, 
the lateral resolution, and the slice thick
ness. These define a "resolution cell," as 
illustrated in Figure 2-12. Like the size of a 
paintbrush affecting the detail on a paint
ing, the dimensions of the resolution cell 
ultimately limit the tissue detail that can be 
resolved on an ultrasound image. 

Axial resolution is the ability to resolve 
reflectors that are closely spaced along a 
sound beam axis. It is determined by the 
pulse duration, the length of time the trans
ducer oscillates for each transmit pulse. 
Short-duration pulses enable the axial reso
lution to be 1 mm or less in imaging appli
cations. Damping material attached to the 
back of the elements helps reduce the pulse 
duration and improve axial resolution. 
Axial resolution is considerably better at 
higher frequencies (Fig. 2-1 3) because pulse 
durations can be made much shorter than 
at low frequencies. A measurement of the 
intima-media thickness of a blood vessel 
requires excellent axial resolution to visual
ize the interfaces and enable the operator to 
position the distance measuring cursors for 
an accurate result (Fig. 2-14). 

Lateral resolution refers to the closest pos
sible reflector spacing perpendicular to the 
beam that allows them to be distinguished. 
It is determined by the width of the ultra
sound beam at the location of the reflectors. 
Beam forming with array imaging systems 
is a two-step process, first involving shaping 
a transmitted field and then focusing the 
sensitivity pattern during echo reception.s 

The transmitted field from an individual 
element would spread quickly with distance 
if it were driven in isolation because the 
element is narrow. However, when a group 
of elements is excited, a directional beam 
can be formed. This beam can be focused 
by applying infinitesimal time delays to the 
transmit pulses applied to individual ele
ments, exciting the outer elements of the 
group a little earlier than the neighboring 
inner ones, and so on, as in Figure 2-1 5 .  
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FIGURE 2-1 2. Typical pulse dimensions emerging from an ultrasound transducer along a single beam line. The 
pulse duration affects the axial resolution. The width of the beam in the scanning plane determines lateral reso
lution, whereas the dimensions of the beam perpendicular to the scanning plane determine the slice thickness. 

When the operator adjusts the "focus" of a 
machine, he or she is changing the focal 
distance of the transmitted beam. The 
machine responds by adjusting the precise 
arrangement of the time delays applied 
to the individual elements producing the 
beam. Focusing narrows the ultrasound 
beam at the focal depth. Multiple trans
mit focal depths are also possible. Usually, 
this is done by sending several different 
transmit pulses along each beam line, each 
transmit pulse focused at a slightly differ
ent depth. Because the system must wait 
for echoes from the focal zone of the previ
ous transmit pulse before a subsequent 
transmit can be initiated, image frame rate 
suffers when multiple transmit foci are 
applied. 

Focusing also is done on the received 
echoes. After a transmit pulse, echoes are 
picked up by each element of the active 
aperture. These are digitized and sent to the 
digital . "beam former. " The beam former 
combines the digital signals from each of 
the array elements and adds them together, 
forming one extended signal for each trans-

mit pulse. However, the echo from any 
reflector will need to travel slightly different 
distances to be picked up by the different 
array elements. This will create phase dif
ferences between the signals from the 
individual elements. This is corrected by 
"receive focusing, " where precisely pro
grammed focusing time delays are applied 
to the individual signals before summation. 
The required delay pattern for focusing 
must change as echoes arrive from progres
sively greater depths following the transmit 
pulse. Therefore, the receive beam former is 
designed to adjust the time delays in real
time. So-called "dynamic receive focusing" 
enables the receive focus of the array to 
track the depth of the reflector as echoes 
arrive from deeper and deeper structures. 
Dynamic receive focusing is not affected 
directly by the transmit focus adjustment 
done by the operator, but rather it is inter
nal to the machine. Some machines even 
run parallel beam formers during reception, 
creating several dynamically focused re
ceived echo beam lines for each transmit 
pulse. 
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B 

Focusing reduces the beam width and 
improves the lateral resolution over a 
volume called the (ocal region. The beam 
width (W) in the focal region is approxi
mated by 

w 1 .2AF 
A 

(2-8) 

where F is the focal distance, A is the aper
ture (Le., the length of the active part of 

FIGURE 2-1 3.  Images of a test 
object for determining resolu
tion. The reflectors are spaced 
aXially by 2 mm, l mm, 0.5 mm, 
and 0.2 mm. The horizontal 
row also has reflectors spaced 
at 2 mm, 1 mm, 0.5 mm, and 
0.2 mm. Part A was obtained 
using a transducer running at 
4 MHz. Part B was obtained 
using a l l -MHz setting on a dif
ferent probe. 

the transducer when signals are picked up), 
and A is the wavelength. Higher-frequency 
transducers, for which the wavelength 
is smaller, provide narrower sound beams 
and better lateral resolution than lower
frequency transducers. For a given focal 
depth, the larger the aperture, the narrower 
is the beam. Often, a system will employ a 
dynamically changing aperture, increasing 
A as the echoes arrive from progressively 
deeper structures, which maintains approx
imately the same pulse-echo beam width at 
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FIGURE 2-1 4. Intima-media 
thickness measurements in a bra
chial artery. Axial resolution is 
important in being able to make 
these measurements with high 
precision. 

all depths. In Figure 2-1 3, the images at 
both frequencies also include a horizontal 
row of reflectors, where the separation is 
from 2 mm to 0.25 mm. As is clearly seen, 
the detail is much better in the image 
obtained at a higher ultrasound frequency. 

The slice thickness is the thickness of the 
scanned section of tissue that contributes 
to the image. It depends on the width of 
the ultrasound beam perpendicular to the 
image plane (see Fig. 2-1 2), often called the 
elevational beam width. Many phased, 
linear, and curvilinear array transducers still 
use a one dimensional array (Fig. 2-1 6) 
along with a mechanical lens to provide 
focusing in this direction. While the in
plane beam width and, hence, the lateral 

resolution is exquisitely controlled by 
electronic focusing, the slice thickness for 
these units is not. The elevational focusing 
mechanical · lens provides good detail near 
the focal zone but poor detail at depths 
proximal and distal to this zone (see 
Fig. 2-1 6B). Not surprising, therefore, slice 
thickness is the worst aspect of the resolu
tion of array transducers. Manufacturers are 
rapidly developing "multi-D," such as "one
and-a-half-dimensional" arrays that will 
enable electronic focusing in the slice thick
ness as well as in the lateral direction (Fig. 
2-1 7) .  These arrays, though more complex 
and expensive, significantly improve the 
resolution of small spherical objects, as 
illustrated in Figure 2-1 7B. 

FIGURE 2-1 5. Electronic focus
ing of an array during pulse 
transmission. By exciting the 
outer elements of an array 
group slightly before the inner 
elements in the sequence 
shown, the waves from individ
ual elements converge, forming 
a focused beam. The transmit 
focal distance is user selectable. 
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B 

Transducers that are used with stand
alone CW Doppler units are not intended 
for imaging and therefore are much simpler. 
Most employ two elements, one for con
tinuously transmitting and the other for 
receiving echoes. To detect echo signals 
from scatterers, the beams from the trans
mitter and the receiver are caused to 
overlap. This is done by inclining the trans
ducer elements or by using focusing lenses. 
The area of beam overlap defines the most 
sensitive region of the CW transducer. 

Principal Scanner Controls 

Ultrasound machine operators must be 
familiar with many instrument controls to 
produce optimal images with their equip-

FIGURE 2-1 6. A, View looking 
towards a linear array of typical 
element cuts. B, Image of a test 
phantom containing 2.4-mm 
diameter spherical targets. Only 
targets in the mid-range for this 
transducer are visualized. 

ment. Details and examples of different 
control settings can be found in standard 
textbooks.s The major controls found on 
scanners include these: 
• Transducer select, to activate one of two 

to four probes physically attached to 
transducer ports on the machine. 

• Transducer frequency select, to select the 
center frequency of ultrasound pulses 
emitted by the transducer. Modern trans
ducers can produce ultrasound beams 
covering a range of frequencies. This 
control is used to determine which fre
quencies are used in the image. 

• Depth setting, to select the size of the 
imaged field. 

• Transmit focus, to enable users to set the 
number and depth of transmit beam focal 
zones. 
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FIGURE 2-1 7. A, 1 1/2 Dimen
sional array. B, Image of the 
same test phantom as in Figure 
2-16, using a one-and-a-half
dimensional array. 

B 

• Output power control, to vary the scanner 
sensitivity. Increasing the transmit power 
allows the operator to view weaker echo 
signals from the body. (Higher transmit 
power levels also increase the acoustical 
exposure to the patient.) 

• Overall receiver gain, also to vary the 
scanner sensitivity. Gain describes the 
amount of amplification of echoes in 
the receiver. Higher gains apply more 
amplification than lower gains; overall 
gain adjusts the gain throughout the 
imaged field. 

• Time gain compensation, to compensate 
for attenuation of the ultrasound beam in 
tissue. With time gain compensation, the 
receiver amplification increases automat
ically with the depth of origin of the 
echoes, so echo signals from deep struc-

A 

tures, which have undergone significant 
attenuation, are amplified more than 
signals from shallow structures that have 
undergone less attenuation. Time gain 
compensation is controlled in most 
machines using a set of six to eight gain 
knobs, each adjusting the receiver gain at 
a different depth. 

• Compression, to vary the amplitude 
range (dynamic range) of echoes dis
played as shades of gray on the image. 
Most machines apply logarithmic com
pression to the echo signals emerging 
from the receiver; the amount of com
pression is under user control. 

• Other preprocessing, to alter the echo 
signals before they are sent to the scan 
converter. Some machines, for example, 
apply edge-enhancing filters to the 

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


i-'I ! 38 J L-___________________________ S_Ea __ lo_N_' __ Ba_s_ia ______________________________ � 

signals. Others allow the operator to vary 
the "beam line density, " packing more 
beam lines into the image in hopes of 
improving image quality but trading off 
image frame rate. 

• Post-processing, to change the appearance 
of echo signals, already stored in memory, 
on the image. Various post-processing 
curves are available, each emphasizing 
different portions of the echo amplitudes 
stored in the image memory. 

• Persistence, to include the images from 
several successive sweeps of the trans
ducer with the current image. High per
sistence has the effect of smoothing out 
the image but at the expense of losing 
some temporal detail. 

SPECIAL PROCESSING 
TECHNIQUES 

Compound Imaging 

B-mode images produced using conven
tional linear or curvilinear arrays appear 
"granular" or noisy, and this can contribute 
to uncertainties when interpreting scan 
results. The granular pattern originates from 
two sources. First, ultrasound images are 
subject to a process called speckle, which 
leads to the random arrangement of B-mode 
dots on images of organs. The speckle 
pattern originates from the presence of 
many unresolvable scatterers that con
tribute to the echo signal at each loca
tion in the image. Once the number of 
scatterers gets so dense that the imaging 
machine cannot resolve them, a distribu
tion of dots occurs, whose origin is the 
underlying, random arrangement of scatter
ers. The second reason images appear noisy 
is that small surface reflectors, such as tissue 
boundaries, muscle facia, and vessel walls, 
often are at an unfavorable angle to the inci
dent ultrasound beam. Echoes are difficult 
to pick up, or are even lost, when the surface 
is at a steep angle (not perpendicular) to the 
ultrasound beam. 

Compound imagingS,9 addresses both of 
these issues by sweeping ultrasound beams 
that are oriented at different angles across 
the imaged region (Fig. 2-18). The speckle 

FIGURE 2-1 8. Compound scanning with a linear array 
transducer. Echo data resulting from scans done at 
several beam angles are superimposed on the same 
image. 

pattern from any location will vary with the 
direction of the incident beam, because the 
positions of the individual scatterers relative 
to the ultrasound beam axis will differ. 
Therefore, by averaging the angled image 
data at each location, a smoother pattern 
can be produced. This improvement in 
image quality results ih greater ability to 
visualize regions that exhibit subtle changes 
in echogenicity compared with the back
ground tissue. Additionally, with interro
gating beams incident at various angles, 
surfaces that may not be favorably inclined 
to the ultrasound beam for one beam direc
tion may turn out to be so for other angles 
in the compound acquiSition. Thus, there 
usually is more complete outlining of struc
tural boundaries. 

The sketch in Figure 2-18 shows only 
three acquisition angles, but as many as 9 
to 10 are available in some imaging systems. 
In these systems, operators can choose 
between different levels of compounding 
when scanning. A greater degree of com
pounding requires longer scanning times 
and, hence, lower image frame rates. 

Harmonic Imaging 

We mentioned earlier that sound pulses 
undergo nonlinear distortion as they prop
agate through tissue (Fig. 2-19). The distor-
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J;\ I 
FIGURE 2-1 9. Echo signal wave
forms with their frequency 
spectra for (top) linear propaga
tion and (bottom) nonlinear pro
pagation through tissues, with 
generation of harmonic signals. 

Echo signals with l inear propagation Frequency 

Q) 
-0 

� 
a. 
E <l: 

F2 

Echo signals with nonlinear distortion Frequency 

tion is accompanied by the production of 
harmonic frequencies; i.e., added compo
nents to the pulse that are integral multi
ples of the fundamental transmitted pulse 
frequency. A 2-MHz incident pulse has har
monic components of 4-MHz, 6-MHz, and 
so on, and echoes will contain mixtures of 
fundamental and harmonic components. 
These components, while not present in the 
transmit pulse emitted by the transducer, 
build gradually as the pulse makes its way 
deeper into the tissue. Because this is a 
nonlinear phenomenon, higher-amplitude 
pulses undergo much more distortion than 
lower-amplitude pulses, and the central 
portion of the ultrasound beam, where the 
beam intensity is highest, undergoes greater 
harmonic conversion than the weak edges 
of the beam. 

Although the existence of harmonic dis
tortion in ultrasound has been known for 
some time, the means to exploit this phe
nomenon has been only recently incorpo
rated into ultrasound instruments. "Tissue 
harmonic imaging" is done by filtering out 
the low-frequency, fundamental compo
nents of the ultrasound echoes and using 
the second harmonic components to form 
B-mode images. Two signal processing 
approaches are common.8 The first applies 

frequency filtering to isolate the second 
harmonic frequency component of echo 
signals from the fundamental. The second 
method applies "pulse inversion" tech
niques, explained later. 

The frequency filtering methods require 
special pulse shaping applied to the transmit 
pulse to ensure there is no overlap between 
echoes within the fundamental frequency 
band and those in the harmonic spectrum. 
A short-duration pulse, optimized for 
achieving high axial resolution by its nature, 
contains a spectrum of frequencies; the 
shorter the pulse, the wider the range of fre
quencies. The filtering method sometimes is 
referred to as "narrow-band harmonics" 
because of the need to restrict the frequen
cies in the transmit pulse to be sure the 
higher-frequency components in the much 
stronger fundamental frequency echoes do 
not overlap with the low-frequency compo
nents of the harmonic echoes. Harmonics 
tend to be of much lower amplitude than 
the fundamental, so a significant overlap 
would offset the benefits to be gained in 
employing the harmonic mode. 

The pulse inversion approach requires 
two transmit pulses along the same beam 
line (Fig. 2-20). The first is a conventional 
imaging pulse of short duration and 
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B 

SEatON I Basics 

Echo signals from conventional transmit pulse, no distortion 

Echo signals from inverted transmit pulse 

Sum of the two signals 

Echo signals from conventional transmit pulse, harmonic distortion 

Echo signals from inverted transmit pulse 

Sum of the two signals 

FIGURE 2-20. Pulse-inversion 
technique for extracting har
monic signals. Echoes from two 
successive pulse transmissions, 
one with a conventional pulse, 
the other with a pulse that is 
the exact negative of the first, 
are added. Linear parts of the 
echoes cancel while the har
monics combine. 
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wide-frequency bandwidth. After echoes are 
collected for this transmit pulse, a second 
pulse is launched that is 1 80 degrees out of 
phase; i.e. , the exact negative of the first 
pulse. The resultant echo signals from the 
two pulse-echo sequences are then added. 
For linear propagation, the two echoes 
should cancel each other, and no signal 
would be displayed along that beam line. 
However, when significant nonlinear prop
agation occurs, the echo signals from the 
different-shaped transmit pulses will not 
cancel, because the nonlinear distortion 
occurs more for the positive-going, com
pressional half cycles of the wave than for 
the negative, rarefactional half cycles. The 
non cancelling part is the harmonic signal 
(see Fig. 2-20B). The apparent advantage of 
pulse or phase inversion over narrow band 
harmonics is the use of shorter-duration 
pulses with their inherently better axial res
olution. A disadvantage of pulse inversion 
is the need to employ two transmit pulse
echo sequences for each beam line, decreas
ing the image frame rate. 

Either method is supposed to help reduce 
reverberation noise in images and thus 
improve image quality. An example is pre
sented in Figure 2-21.  The echoes within 
this cystic mass in the breast are caused by 
reverberation of parts of the incident pulse 
as it progresses through the tissue layers 
proximal to the mass. Harmonic echoes are 
not as strongly affected by the reverbera
tions taking place in the overlying tissues, 
because the harmonic components have 
not yet built up to an appreciable degree 
when the incident pulse is near the skin 
surface. 

FIGURE 2-21 . Image of a breast 
cyst with conventional process
ing (lett) and with harmonic 
processing (right). 

Imaging with Contrast Agents 

It is possible to enhance the echo signals 
from a region if small gas bubbles are 
present. This is exactly how contrast agents 
may be used to enhance the echo signals 
from blood. Ultrasound contrast agents 
consist of tiny gas bubbles, either air of a 
heavy molecular weight gas, stabilized with 
a type of shell. One of the earliest contrast 
agents available was Albunex (Mallinckrodt 
Medical, St. Louis, MO), manufactured by 
sonicating human serum albumin in the 
presence of air. A number of similar agents 
have evolved and are available commer
cially, each having a particular shell material 
or gas. The bubble sizes commonly are in the 
1 - to S-Ilm range. Even though bubbles are 
small, they can produce large-amplitude 
echoes and so are used to intensify echoes 
from small blood vessels and sometimes 
from the chambers of the heart. 

Special properties of gas bubbles can be 
exploited to help distinguish between 
echoes from contrast agents and echoes 
from tissues that have no agent present.lO 
The first property is the ease to which 
.the bubbles reflect nonlinearly, producing 
echoes not only of the frequency transmit
ted by the transducer but also at harmonics 
of the transmitted frequency. For example, 
when 3-MHzwaves are reflected by contrast 
agent bubbles, fundamental (3-MHz), sec
ond harmonic (6-MHz), and higher, as well 
as sub harmonic (1 .S-MHz) echoes result. 
Tuning the scanner to pick out the har
monic frequencies helps isolate the echo 
signals from the contrast agent. Ultrasound 
machines set up for contrast agent imag-m
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ing sometimes apply complex pulse-echo 
sequences, where the resultant echoes can 
be combined in a way that draws out the 
echoes resulting from nonlinear reflections 
from the bubbles and cancels the echoes 
from other reflectors. 

Another property that can be exploited 
in their detection is that contrast agent 
bubbles are easily destroyed by high
amplitude ultrasound pulses. Thus, bubbles 
are detected by transmitting a high
amplitude destructive pulse, collecting the 
echoes, then transmitting a second pulse 
and comparing the echoes from the two. 
Echoes from the contrast agent bubbles 
would be present for the first pulse but 
absent for the second because of the 
destructive effects of the first pulse. Manip
ulation of the echo signals is done to isolate 
signals from the agent only, which is some
times useful to detect flow in small vessels. 
Ultrasound machines with contrast agent 
imaging modes may thus implement special 
pulse sequences to draw out the echo signal 
from the agent itself. 

Codes and Chirps 

To achieve the best spatial resolution, equip
ment operators attempt to use as high an 
ultrasound frequency as possible when 
scanning. Unfortunately, high ultrasound 
frequencies are severely attenuated, so the 
need for adequate beam penetration usually 
limits the frequency that can be effectively 
used. If it were possible to increase the trans
mit power, sending more energetic pulses 
into the tissues, this might improve pene
tration of these high frequencies somewhat. 
The transmit power can be increased by 
increasing the amplitude of the ultrasound 
pulse emitted by the transducer. This works 
only up to a point, however, because non
linear distortion, equipment limitations, 
and regulations on ultrasound eqUipment 
for safety purposes result in limitations on 
the amplitude of the transmitted pulses 
from the transducer. Related to the question 
of potential biologic effects, current prac
tice by the U.S. Food and Drug Administra
tion requires manufacturers of ultrasound 
equipment to limit the amplitude of the 

transmitted pulse to levels that have MI 
values of 1.9 or less. 

Another way to provide a more energetic 
transmit pulse without exceeding the 
amplitude limits or equipment capabilities 
is to make the pulse duration longer. 
However, it is first necessary to encode the 
pulse in a special way that would enable 
recovery of a short-duration pulse with its 
accompanying good axial resolution after 
echoes are received. Use of "coded excita
tion" is one means of achieving this. 

Coded excitation applies a unique signa
ture to the transmitted ultrasound pulse. 
The pulse itself has a very long duration 
compared with conventional pulses applied 
in ultrasound. However, it is modulated 
by a specific pattern of Is and Os before 
being applied to the transducer. An example 
of a waveform detected from one manu
facturer's coded transmit by a detector in 
water is presented in Figure 2-22. This 
long-duration transmit pulse undergoes 

0.5 

0.4 

Q) 0.3 
"0 

0.2 .� 
a. 0.1  E « 0.0 

-0. 1 

-0.2 

0.0 0.5 1 .0 1 .5 2.0 2.5 3.0 

Time (�IS) 
0.5 

0.4 

Q) 0.3 
"0 

0.2 .� 
a. 0.1  E « 0.0 

-0. 1  

-0.2 

0.0 0.5 1 .0 1 .5 2.0 2.5 3.0 

Time (115) 

FIGURE 2-22. Comparison of transmitted waveforms 
using conventional pulsing (top) and coded excitation 
(bottom). The short-duration nature of the system 
response is recovered following coded excitation by 
applying special decoding, or matched filter schemes. 
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reflections at interfaces, and echoes are 
detected once again by the transducer. After 
amplification and beam forming, the echo 
signals are sent to a special decoding 
process, often referred to as a matched filter, 
to recover signals exhibiting short-duration 
pulse properties. Certain codes require two 
pulse-echo sequences, each transmit pulse 
having slightly different timing features 
but the two together having complimen
tary properties. When echo signals are 
combined, the process eliminates artifacts 
known as range side-lobes that sometime.s 
are present when codes are used. Neverthe
less, with coded excitation methods, it is 
possible to recover both the effects of 
having a short-duration pulse and a pulse 
of much higher amplitude. 

Another type of code is a "chirp pulse. " ll 
A chirp is a brief transmit burst, or pulse, 
whose frequency varies over the pulse 
duration. Again, special decoding schemes 
allow the original short pulse duration to 
be recovered while providing much better 
beam penetration than would be provided 
with conventional, short-duration pulse 
transmission. 

DOPPLER ULTRASOUND 

The Doppler effect . is a change in the fre
quency of a detected wave when the source 
or the detector is moving. In medical ultra
sonography, a Doppler shift occurs when 
reflectors move relative to the transducer. 
The frequency of echo signals from moving 
reflectors is higher or lower than the fre
quency transmitted by the transducer, 
depending on whether the motion is to
ward or away from the transducer. The Dop
pler shift frequency, or simply the Doppler 
frequency, is the difference between the 
received and transmitted frequencies. 

Doppler Equation 

Ultrasonic Doppler equipment is for detect
ing and evaluating blood flow. A typical 
arrangement is illustrated in Figure 2-23. An 
ultrasonic transducer is placed in contact 

Ultrasound tranSdUCY' 

0 -

210v 
10 = Ir - 10 = -

c
- cos8 

FIGURE 2-23. Arrangement for detecting Doppler 
signals from blood. The angle 8 is the Doppler angle, 
which is the angle between the direction of motion 
and the beam axis, looking toward the transducer. 

with the skin surface; it transmits a beam 
whose frequency is fa. The received fre
quency fR will differ from fa when echoes 
are picked up from moving scatterers, 
such as the red blood cells. The Doppler 
frequency (fD) is defined as the differ
ence between the received and transmitted 
frequenCies. The fD is calculated by the 
following: 

(2-7) 

where c is the speed of sound, V is the flow 
velocity, and 8 is the angle between the 
direction of flow and the axis of the ultra
sound beam, looking toward the transducer. 

The symbol 8 is called the Doppler angle 
and strongly influences the detected 
Doppler frequency for a given reflector 
velocity. When flow is directly toward the 
transducer, 8 is 0 degrees and cos 8 is 1 .  The 
Doppler frequency detected for this orien
tation would be the maximum one could 
obtain for the flow conditions. More typi
cally, the ultrasound beam will be incident 
at an angle other than 0 degrees, and the 
detected Doppler frequency will be reduced 
according to the cos 8 term. For example, 
at 30 degrees, the Doppler frequency 
would be 0.87 multiplied by what it is at 0 
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degrees; at 60 degrees, it would be 0.5 mul
tiplied by its O-degree value. Finally, when 
the flow is perpendicular to the ultrasound 
beam direction, e is 90 degrees and cos e is 
0; there is no detected Doppler shift! In 
practice, the transducer beam is usually ori
ented to make a 30- to 60-degree angle with 
the arterial lumen to receive a reliable 
Doppler signal. 

Continuous-Wave 
Doppler Equipment 

Continuous-wave (CW) Doppler is done 
in a variety of instruments, ranging from 
simple, inexpensive hand-held Doppler 
units, to "high-end" duplex scanners in 
which CW Doppler is one of several oper
ating modes. A simplified block diagram of 
the necessary components of a CW Doppler 
unit is presented in Figure 2-24. The trans
mitter continuously excites a transmit sec
tion of the ultrasonic transducer, sending 
a continuous beam whose frequency is 
fa. Echoes returning to the transducer have 
frequency fR. These signals are amplified 
in the receiver and then sent to a demodu
lator to extract the Doppler signal . Here, 
the signals are multiplied by a reference 
signal from the transmitter, producing a 
mixture of signals, part having a frequency 
equal to (fR + fa) and part having a frequency 
(fR - fa) · The sum frequency (fR + fa) is very 
high-about twice the ultrasound ' fre
quency-and is easily removed by elec
tronic filtering. This leaves signals with 
frequency (rR - fa) at the output, which is the 
Doppler signal! 

What are typical Doppler frequencies 
for blood flow? Suppose V = 20 cm/sec; 
the ultrasound frequency (fa) is 5 MHz (5 x 
106 cycles/sec); and the speed of sound (c) is 
1540 m/sec. Let e equal 0 degrees, so that 
cos e is 1 .  Using Equation 2-7, we find 

2 x (5 X 106 cycles/sec) x O.2 m/sec 
1540 m/sec 

1299 cycles/sec 

or about 1 .3  kHz, which is within the 
audible frequency range. The filtered output 
Doppler signal can be applied to a loud
speaker or headphones for interpretation 
by the operator. The Signals can also 
be recorded on audiotape or applied to any 
of several spectral analysis systems (see 
later) . 

It is possible to eliminate signals of 
certain frequency ranges from the output. 
This is done in instruments that have addi
tional electric filters in their circuitry. For 
example, when studying blood flow, rela
tively low-frequency Doppler signals origi
nating from movement of vessel walls may 
be eliminated from the output by applying 
a high-pass filter. The lower cutoff fre
quency of such "wall filters" is usually oper
ator selectable. 

Continuous-Wave 
Doppler Controls 

Basic CW Doppler units usually have only a 
few controls, but operators should be famil
iar with those on their own eqUipment. 
Examples include the following: 

Audio 
amplifier 

Filter Demodulator 

OSCillator, 
Transmit 
amplifier 

Transducer 

FIGURE 2-24. A continuous
wave Doppler instrument. The 
Doppler signal is obtained 
by demodulating the amplified 
echo signals and then applying 
a low-pass filter. Because the sig
nals are generally in the audible 
range, a loudspeaker may be 
used to display the Doppler 
signals. Receiver 

amplifier 
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• Transmit power, to vary the amplitude of 

the signal from the transmitter to the 
transducer, thus changing the sensitivity 
to weak echoes. Some simple units omit 
this control, keeping the transmit level 
constant. 

• Gain, to vary the sensitivity of the unit. 
• Audio gain, to vary the loudness of 

Doppler signals applied to loudspeakers. 
• Wall filter, to vary the low-frequency 

cutoff frequency of the wall filter. 

Directional Doppler 

A basic CW Doppler instrument allows 
detection of the magnitude of the Doppler 
frequency, but it provides no indication of 
whether flow is toward or away from the 
transducer; I.e., whether the Doppler shift is 
positive or negative. A common technique 
for determining flow direction is to use 
quadrature detection in the Doppler device. 
After the received echo signals are ampli
fied, they are split into two identical chan
nels for demodulation. The channels differ 
only in that the reference signals from the 
transmitter sent to the two demodulators 
are 90 degrees out of phase. Two separate 
Doppler signals are produced. They are 
identical except for a small phase difference 
between them, and this phase difference 
can be used to determine whether the 
Doppler shift is positive or negative. 12 
Various schemes are used that combine the 
two quadrature signals to enable presenta
tion of positive and negative flow in stereo 
speakersY 

Pulsed Doppler 

With CW Doppler instruments, reflectors 
and scatterers anywhere within the beam 
of the transducer can contribute to the 
instantaneous Doppler signal. A pulsed 
Doppler instrument provides for discrimi
nation of Doppler signals from different 
depths, allowing for the detection of 
moving interfaces and scatterers only from 
within a well-defined sample volume (Fig. 
2-25).  The sample volume can be posi-

Transducer 

, , 
, , 

, , , , 

, " 
, " 

\ 

FIGURE 2-25. Sample volume in pulsed Doppler. Echo 
signals from a fixed depth are selected by a range gate. 
The size of the sample volume depends on the beam 
width, the duration of the gate, and the pulse duration 
from the transducer. 

tioned anywhere along the axis of the 
ultrasound beam. 

The principal components of a pulsed 
Doppler instrument are shown in Figure 
2-26. The ultrasonic transducer is excited 
with a short-duration burst, rather than 
continuously as in the CW instrument. 
Scattered and reflected echo signals are 
detected by the same transducer, amplified 
in the receiver, and applied to the demodu
lator. The output of the demodulator is then 
applied to a sample-and-hold circuit, which 
integrates (or averages) a portion of the 
Signal, selected by a range gate. The gate 
position and duration are controlled by the 
operator. The gated Signal, taken over a 
series of pulse-echo sequences, forms the 
Doppler signal heard over the loudspeaker 
of the device. In Figure 2-26, quadrature 
detectors are used to form two output chan
nels, enabling the flow direction to be 
determined. 

The Doppler signal produced by a pulsed 
Doppler instrument is generated from the 
changes in phase of the echo signals from 
moving targets from one pulse-echo 
sequence to the next. Thus, the PRF of the 
instrument must be high enough so that 
important details of the Doppler signal are 
not lost between transmit pulses. (See 
section on aliasing in pulsed doppler.) After 
each transmit pulse, only a brief portion of 
the Doppler signal is available within the 
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Pulsed Doppler 

Sample -I Demodulator 

Gate size 
and depth 

L...-___ --' -I Demodulator 

Master 
oscillator 

Gated 
transmitter 

Receiver 

Transducer 

� 
, 

Gated 
sample 
volume 

FIGURE 2-26. Principal components of a pulsed Doppler instrument. The transducer is excited by a brief pulse; 
echo signals are amplified in the receiver and sent to the quadrature demodulators. A portion of the demodulated 
waveform is held in the sample and hold unit, which forms the Doppler signal by using several pulse-echo 
sequences. Va and Vb are quadrature signals that can be processed to indicate flow toward and away from the trans
ducer. 

demodulated echo signals selected by the 
gated region. Multiple pulse-echo sequences 
are required to construct the Doppler signal 
heard over the loudspeakers. By filtering the 
sample-and-hold output from one pulse
echo sequence to the next, a smooth 
Doppler signal is formed. 

Duplex Instruments 

A real-time B-mode imager and a Doppler 
instrument provide complementary infor
mation because the scanner can best outline 
anatomic structures, whereas a Doppler 
instrument yields information regarding 
flow and movement patterns. Duplex ultra
sound instruments are real-time B-mode scan
ners with built-in Doppler capabilities. In 
typical applicatiOns, the pulse-echo B-mode 
image obtained with a duplex scanner is 
used to localize areas where flow is to be 
examined using Doppler. 

The region of interest for Doppler studies 
may be selected on the B-mode image 
by placement of a sample volume indicator, 
or cursor (Fig. 2-27). Most duplex instru
ments allow the operator to indicate the 
Doppler angle or the direction of blood flow 
with respect to the ultrasound beam. The 
Doppler angle must be known to estimate 
flow velocity from the Doppler signal. 

Choice of Ultrasound 
Frequency 

Competing physical interactions govern the 
choice of the operating frequency employed 
in an ultrasound instrument. For Doppler 
work, the choice is usually dictated by the 
need to obtain adequate signal strength for 
reliable interpretation of Doppler Signals. It 
was mentioned previously that the intensity 
of ultrasonic waves scattered from small 

FIGURE 2-27. Image of a carotid artery obtained with 
a duplex ultrasound machine. A sample volume cursor 
is positioned to detect Doppler signals from within 
the artery, and a Doppler angle cursor is oriented to 
"angle correct" the Doppler signals for displaying the 
velocity. 
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CHAPTER 2 Physics and Instrumentation in Doppler and B-Mode Ultrasonography 

scatterers such as red blood cells increases 
rapidly with increasing frequency, being 
proportional to the frequency raised to the 
fourth power. It thus would seem reasonable 
to use a high ultrasonic frequency to 
increase the intensity of scattered signals 
from blood. As the frequency increases, 
however, the rate of beam attenuation also 
increases (see Fig. 2-3) . In selecting the 
optimal frequency for detecting blood flow, 
these competing processes must be bal
anced, and the choice of operating fre
quency is often determined by the tissue 
depth of the vessel of interest. For small, 
superficial vessels, in which attenuation 
from overlying tissues is not significant, B
mode and Doppler probes operating at 7 to 
10 MHz are commonly used. Doppler appli
cations in the carotid artery usually employ 
somewhat lower frequencies to avoid sig
nificant attenuation losses, and frequencies 
of 4 to 5 MHz are typical. Frequencies as low 
as 2 MHz are used for detecting flow in 
deeper arteries and veins. 

Doppler Spectral Analysis 

For many structures of interest, the Doppler 
signal is in the audible frequency range. For 
some applications, adequate clinical inter
pretations can be made simply by listening 
to the signals. The listener then character
izes the flow according to the qualities of 
the audible signal. 

In the case of blood flow, the Doppler 
signal is fairly complex because of the com
plicated blood velocity patterns found in 
most vessels. In a large blood vessel, the 
blood velocity is not the same at all points 

FIGURE 2-28. A complex signal 
waveform (A) can be generated 
by a combination of single-fre
quency signals (B), C, Spectral 
analysis involves the separation 
of the complex signal into its 
frequency components and the 
display of the magnitude of 
each frequency component that 
contributes to the signal. 

A 

but follows some type of flow profile. If the 
ultrasound beam and the sample volume 
are large compared with the lumen diame
ter, scattered ultrasound signals are received 
simultaneously from blood that is moving 
at different velocities. The resultant Doppler 
signal, therefore, is complex. 

A complex signal such as that shown in 
Figure 2-28A may be shown to be composed 
of many single-frequency signals (see 
Fig. 2-28B).

' 
Each of these has a particular 

amplitude and phase so that, when added 
together, they form the original signal. Spec
tral analysis is a way to separate a compli
cated signal into its individual frequency 
components so that the relative contribu
tion of each frequency component to the 
original signal can be determined (see Fig. 
2-28C). Often, the relative contribution is 
denoted by the signal power in a given 
frequency interval, and the spectrum is 
referred to as the power spectrum. 

Most instruments use a Fast Fourier Trans
form to do spectral analysis of Doppler 
signals. The Doppler signal is fed into the 
spectral analyzer in small time segments 
(e.g., 5 msec). The power spectrum is com
puted and is displayed along a vertical line, 
where the height represents a frequency bin 
and the brightness represents the signal 
power or intensity for that bin (Fig. 2-29). 
The relative intensity of Doppler signals 
depends on the amount of blood generating 
that signal, so the brightness of each fre
quency bin indicates the amount of flow at 
the velocity corresponding to that Doppler 
frequency. As the spectral signals from one 
segment are being displayed, a subsequent 
segment is being analyzed, producing a 
continuous display. 

+ etc Frequency 
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FIGURE 2-29. Information on a spectral Doppler display. Doppler frequency (or reflector velocity) is plotted verti
cally and time, horizontally. For each time segment, the amount of signal within specific frequency bins is indi
cated by a shade of gray. The amount of signal corresponds to the amount of blood flowing at the corresponding 
velocity. 

Duplex instruments display a B-mode 
image along with a Doppler spectral display. 
An example is presented in Figure 2-30. The 
vertical scale on the spectral display can be 
either Doppler frequency (in hertz) or veloc
ity (in centimeters per second or meters per 
second). To display the velocity, the ana
lyzer solves the Doppler equation to derive 
the velocity from the Doppler signal fre
quency. The spectral display is considered in 
detail in Chapter 3. 

Aliasing in Pulsed Doppler 

With a pulsed Doppler instrument, a limi
tation exists on the maximum Doppler fre
quency that can be detected from a given 
depth and on the set of operating condi
tions. The limitation referred to is aliasing 

and, if present, can lead to anomalies on 
Doppler signal spectral waveforms. 

Consider the situation illustrated in Figure 
2-3 1 .  As mentioned earlier, a pulsed Doppler 
instrument forms the Doppler signal using 
multiple pulse-echo sequences. The Doppler 
signal is said to be sampled, and the sam
pling frequency is the PRF of the instrument. 
In Figure 2-31, the Doppler signal is repre
sented by the solid line, and the arrows rep
resent successive samples of this signal. The 
lower waveform depicts the sampled signal. 
In this case, the sampled signal is an excel
lent representation of the original signal 
because sampling occurred multiple times 
for each cycle of the original waveform. 

Unfortunately, with pulsed Doppler, it is 
not always possible to have the PRF signifi
cantly higher than the frequency of the 
Doppler signal. As discussed in the next 
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FIGURE 2-30. Spectral display 
from a carotid artery. 

section, we must limit the PRF, so sufficient 
time is available to collect all signals from 
one pulsing of the transducer before a sub
sequent pulsing. This restriction on the 
PRF depends on the depth of the sample 
volume. The greater the distance to the 
sample volume, the longer it takes to pick 
up echoes from that region and the lower 
the PRF must be. 

At a minimum, the PRF must be at least 
twice the frequency of the Doppler signal to 
construct the signal successfully. When the 
PRF equals twice the FD, this is known as 
the Nyquist sampling rate. The Nyquist rate 
is the minimum sampling rate that can be 
used for a signal of a given frequency. If 
the sampling rate is lower than the NyqUist 

• 
. .  

• • 
e - - - -e- - - -e- - - - • - - - � - - - -e- - - -

• • • • • 
• • 

FIGURE 2-3 1 .  Sampling a Doppler signal. The solid line 
on top is a sine wave, and arrows represent the times 
when discrete samples of the signal are taken. The 
dotted line on the bottom is the sampled signal. 

rate, aliaSing occurs. Aliasing is a production 
of artifactual, lower-frequency signals when 
the sampling rate (the PRF) is less than twice 
the Doppler signal frequency. 

Aliasing is illustrated schematically in 
Figure 2-32. The actual Doppler signal (top) 
is sampled (arrows) at a rate less than twice 
each cycle of the signal. The resulting 
sampled waveform (see lower part of Fig. 
2-32) is one whose frequency is less than 
that of the actual signal. 

A common way that aliasing is mani
fested on a Doppler spectral display is illus
trated in Figure 2-33. The Doppler spectrum 
wraps around the display, with high 

. .. ..  .. 
- - - - - -�,- - - - - - - - - - - .� � - - - - -.. .. .. 

FIGURE 2-32. Production of aliasing when the sam
pling rate is less than 2 times the frequency of the 
signal. The upper curve is the signal, which is being 
sampled at the discrete times indicated by arrows. The 
lower curve is a lower frequency alias of the signal 
resulting from the inadequate sampling. 
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FIGURE 2-33. Manifestation of 
aliasing on a spectral display. 
A, The spectrum warps around. 
B, Correction of aliasing by 
increasing the velocity scale on 
the machine. C, Elimination of 
aliasing by adjusting the base
line. 
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velocities being converted to reversed flow 
immediately at the point of aliasing and still 
higher velocities in the flow signal appear
ing as progressively lower velocities. 

Several methods are used to eliminate 
aliasing. It can often be eliminated by 
increasing the velocity/frequency scale 
limits of the spectral display (see Fig. 
2-33B) . When the scale is increased, the 
Doppler instrument increases the PRF, 
keeping it at the Nyquist limit for the 
maximum Doppler frequency shown on the 
spectral scale. The operator can also adjust 
the spectral baseline, the line representing 
o velocity, assigning the entire spectral 
display to flow moving in just one direction 
(see Fig. 2-33C).  This is successful when 
flow is in one direction only. Yet another 
way to eliminate aliasing may be to use a 
lower-frequency transducer. The Doppler 
frequency is proportional to both the reflec
tor velocity and the ultrasound frequency 
(fa), so a lower ultrasound frequency results 
in a lower-frequency Doppler signal for a 
given velocity. 

Maximum Velocity Detectable 
with Pulsed Doppler 

As mentioned earlier, to detect a Doppler 
signal without aliasing, the PRF of the 
instrument must be at least twice the 
Doppler frequency. An upper limit on 
the PRF is established, however, by the time 
interval required for ultrasound pulses to 
propagate to the range of interest and 
return. If the time between pulses is insuffi
cient, "range ambiguities" arise because of 
overlap of echoes from successive pulses. 

With the sample volume set at depth d, the 
minimum time needed between pulses (Td) 
is 2d/c (from the range equation). The 
maximum PRF pOSSible, PRFmaKI is just the 
inverse of Td• Thus, 

PRFmax = 1jTd = cj2d (2-9) 

What is the highest flow velocity that can 
be detected, given the limitation expressed 
in Equation 2-9? The maximum Doppler 
frequency we can detect without aliaSing 
will now be PRFmax/2 = c/4d. Using the 

Doppler equation and substituting for (D, 
we get 

where V max is the maximum velocity 
detectable without aliasing. Solving for 
Vrnax, 

(2-10) 

Assuming a speed of sound of 1 540 m/sec, 
the plots in Figure 2-34 were generated 
using Equation 2-10, relating the maximum 
reflector velocity that can be detected to 
reflector depth for three different ultra
sound frequencies. As the sample volume 
depth increases, the maximum detectable 
Doppler signal frequency, and hence the 
maximum reflector velocity that can be 
detected, decreases. At any depth, lower 
ultrasound frequencies permit detection of 
greater velocities than higher frequencies. 

In some instruments, higher velocities 
than those shown in Figure 2-34 can be 
obtained using a "high PRF" selection. In 
this mode, the PRF of the instrument is 
allowed to be increased beyond the limit 
set by Equation 2-9. Now, range ambiguity 
is present because the echo data from 
successive transmit pulses overlap. This is 

� 5  
o 
Q) 

� 4 .s 
� 3  
o 
Q) 
> 2 
E 
:l 
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2 4 6 
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FIGURE 2-34. Maximwn velocity detectable with 
pulsed Doppler versus sample volume depth for three 
different ultrasound frequencies. 
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indicated on the display by the presence of 
multiple sample volumes displayed on the 
image. In general, however, the range ambi
guities are not a problem, because the oper
ator already has the area of flow sampling 
isolated before activating high PRF, and the 
exact origin of the Doppler signals is still 
known. 

COLOR FLOW IMAGING 

Forming Color Images 

Color flow imaging (or color-velocity 
imaging) is done by estimating and dis
playing the mean velocity relative to the 
ultrasound beam direction of scatterers and 
reflectors in a scanned region. Echo signals 
from moving reflectors . are generally dis
played so that the color hue, saturation, or 
brightness indicates the relative velocity. 
Color flow image data are superimposed on 
B-mode data from stationary structures to 
obtain a composite image. 

Several methods for processing echo 
signals to produce color flow images have 
been described. Some of these operate on 
the signals produced after Doppler signal 
processing,S,14,ls whereas a few process echo 
signals directly. 16 (Specific mathematical 
details of the methods are given in the 
references, especially references 1 3  and 16.) 
For each method, a series of pulse-echo 
sequences are produced along a Single-beam 
axis. Echo signals from each succeeding 
transmit pulse are compared with signals 
from those of the previous pulse, and phase 
shifts in the succeeding signals are then esti
mated. Once this is done for all pulse-echo 
sequences along the beam line, a mean 
Doppler frequency shift and, h.ence, a mean 
velocity are calculated. This process is 
carried out at all locations along the beam 
line, and the estimated velocity is displayed 
using a color. Then, another beam line is 
interrogated, and so on. 

With most instruments, 10 or more 
transmit-receive sequences might be used 
to produce an estimate of mean reflector 
velocities along each beam line. The term 
pulse packets has been adopted to deSignate 
the transmit-receive pulse-echo sequences, 

with packet size designating the number of 
such sequences along each beam line. 17 
Some instruments allow the operator to 
vary the packet size directly; most vary 
the packet size when the operator changes 
other control settings, such as color 
preprocessing. 

Because data for each acoustic line that 
forms a color-velocity image are acquired 
using multiple pulse-echo sequences, frame 
rates in color flow imaging tend to be lower 
than frame rates in standard B-mode 
imaging. In color flow imaging, noticeable 
tradeoffs are evident among factors affect
ing color-image quality and scanning speed 
or frame rate. Most instruments provide 
signal processing controls that allow the 
user to optimize imaging parameters for 
specific applications. Higher frame rates are 
often accompanied by reduced image 
quality, because fewer acoustic lines are 
used to form the image. In contrast, very 
detailed color images, sensitive to low-flow 
states, are frequently obtained at the 
expense of lower frame rates. 

The direction of blood flow is indicated 
by the display color; for example, red might 
encode flow toward the transducer, and 
blue, away from the transducer. It should be 
kept in mind that the color processor dis
plays motion relative to the ultrasound 
beam direction for each beam line forming 
the flow image. Different parts of a vessel 
are often interrogated from different beam 
directions, either because of the orientation 
of the vessel or as a result of the transducer 
scan format. The latter problem is illustrated 
in Figure 2-35, in which continuous flow 
through a horizontal vessel appears both 
blue (away) and red (toward) because of the 
different beam angles that interrogate the 
vessel when a sector scanner is used. 

Aliasing on Color Displays 

The color-velocity image is produced with 
pulsed Doppler techniques; therefore, the 
image is subject to aliasing, as discussed pre
viously. A common manifestation of alias
ing is a wraparound of the display, resulting 
in an apparent reversal of the flow direction 
(Fig. 2-36A). For example, aliased flow 
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FIGURE 2-35. Color flow image 
of a horizontal vessel in a flow 
phantom. Flow is from left to 
right on the image, so for the 
sector transducer, it is directed 
toward the transducer on the 
left-hand side of the image and 
away from the transducer on the 
right-hand side. 

FIGURE 2-36. Aliasing in color 
flow imaging. A, Color flow 
image of a carotid artery, with 
aliasing. B, Same as in part A, only 
the velocity scale has been 
adjusted to eliminate aliasing. 
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toward the probe is interpreted as flow 
moving away. Increasing the color flow 
velocity scale essentially increases the PRF 
of the processor and eliminates the aliasing 
problem if flow velocities remain within the 
allowable range of velocities on the instru
ment (see Fig. 2-36B). Also, changing the 
color baseline (the zero-flow position on the 
spectral display) can shift the allowable 
Doppler frequency range; this method is 
effective when flow signals are only in one 
direction. 

Energy Mode Imaging 

Color flow imaging displays scatterer 
velocities relative to the interrogating ultra
sound beam direction at pOSitions through
out the scanned field. An alternative 
processing method ignores the velocity and 
simply estimates the strength (or power or 
energy) of the Doppler signal detected from 
each location. So-called power or energy 
mode imaging18 has both advantages and 
limitations. 

An energy mode image of the horizontal 
vessel in the flow phantom depicted in 
Figure 2-35 is presented in Figure 2-37 .  The 
energy mode image is continuous rather 
than divided into segments because of the 
different beam directions. In other words, 

the energy image is not sensitive to relative 
flow direction, as is the color velocity image. 
Another advantage of the energy mode 
image is that it is not affected by aliasing. 
Figure 2-30 contrasts color velocity images 
with energy-mode images of a flow 
phantom when aliasing is present. The 
energy mode image does not depict veloci
ties but only a value related to the strength 
of the Doppler Signal, so the effects of alias
ing are not manifested. 

The advantages of this modality over 
color velocity imaging are, therefore 
1 .  Energy mode seems to be more sensitive 

to low- and weak-flow states than color 
velocity. 

2. Angle effects on the Doppler fre
quency are ignored, unless the angle 
becomes so close to perpendicular that 
the Doppler signals are below the flow 
detectability threshold of the color 
processor. 

3.  Aliasing does not affect the energy mode 
display. Thus, a more continuous display 
of flow, especially in difficult to scan 
regions, is provided. 

Disadvantages of energy mode imaging 
are also clear: 
1 .  Information on reflector velocity and 

flow direction relative to the transducer 
is not displayed. Sometimes these fea
tures are important to a diagnosis. 

FIGURE 2-37. Power-mode image of the same vessel as in Figure 2-27 .  The energy-mode image is almost insensi. 
tive to the Doppler angle. 
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2. Image build-up tends to be slower, and 

image frame rates lower, because of the 
use of more signal averaging in energy 
mode than in velocity mode. Conse
quently, problems with flash artifact 
caused by Doppler signals from slowly 
moving soft tissues are more severe in 
energy mode than in velocity mode. 

BEYOND TWO-DIMENSIONAL 
IMAGING 

Extended Field of 
View Imaging 

Sometimes it is desirable to display a larger 
imaged region than that provided simply 
by the format of the ultrasound transducer. 
To some extent, this has already been 
addressed in technology that widens the 
image format of linear array transducers. It 
might be possible to produce images whose 
view is much larger than that provided by 
the transducer alone if the probe were 
attached to a mechanical translation system 
and the transducer were moved in a direc
tion parallel to the image plane as image 
data are acquired. However, the idea of 
mechanically linking the transducer for the 
purpose of providing an image that ha� a 
wider format might not appeal to operators, 
who need extensive freedom to manipulate 
the probe to desired image planes. An alter
native and effective method for extending 
the image field is one in which the operator 
freely translates the probe parallel to the 
image plane, and probe motion is tracked 
by changes in the image itself. As the trans
ducer is translated manually, image pro
cessing software identifies the amount of 
lateral motion from one frame to the next. 
This enables the software to register new 
image information in a location that cor
rectly corresponds to its anatomic position 
with respect to structures appearing in the 
original image. 

An image of a femoral-tibial artery graft 
shown in Figure 2-38 illustrates one result 
of this process. Although the original image 
from the linear array transducer used in cre
ating the image would be only about 4 cm 
wide, careful translation of the probe along 

FIGURE 2-38. Extended field of view imaging. This 
image of a femoral tibeal graft extends over 20 cm. It 
is constructed by tracking motion of the transducer 
during the scan using correlation processing applied 
to the B-mode image data. (Courtesy of Siemens 
MedicaL) 

with the image registration software pro
vides a view of the artery that extends for 
nearly its entire length. 

Three-Dimensional Ultrasound 

The real-time nature of ultrasound imaging 
and the need to view structures through 
scanning windows that sometimes provide 
poor acoustic access has limited the use of 
3D volume acquisition and display tech
niques. However, transducers that are com
parable in size to conventional probes but 
with 3D capabilities are leading to a renewed 
interest in 3D imaging in ultrasound. Some 
applications appear to benefit greatly from 
using 3D, especially imaging the fetus and 
certain vascular structures (Fig. 2-39) . Three
dimensional scanning acquires ultrasound 
B-mode or color images over an entire 
volume. Besides the more extensive data set 
than is obtained using large numbers of 2D 
images, a 3D set enables new views that 
sometimes can save time during interpreta
tion and analysis. Moreover, 3D images 
often are more intuitive than sets of con
ventional, 2D images for those who are not 
specialists in medical imaging, making 
communication with patients and referring 
physicians more easily done. 

Typically, to acquire 3D data, the ultra
sound transducer is translated perpendic
ular to the plane of the acquired image (Fig. 
2-40), and images are stored at predeter-

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


� 

! S6 : SECTION I Basics I I 
L-.� �------------------------------------------------------------------�----� 

35 CCA 

\ 30 
30 

• 25 -
25 

20 20 

1 5  1 5  

, , t I 
1 0  1 0  

I 5 \' 5 

0 I C A  • E C A  0 '" 

mined spatial intervals. The stack of images 
so acquired may be thought of as a volume 
scan. We think of "acquired image planes" 
(Le, images generated by the real-time beam 
sweeping methods discussed earlier) and 
"reconstructed planes,"  or new images gen-

FIGURE 2-40 . Arrangement for acquiring three-dimen
sional images by freehand translation of a transducer. 
Probe tracking methods vary from no tracking, where 
the assumption is made that the translation is at a 
uniform speed, to detecting changes in the image 
texture pattern when the changes can be associated 
with scan plane translation, to attaching sensors to the 
transducer so that the position and orientation of each 
recorded image plane are known precisely. 

... 

, 
� .l 

" 

I 
FIGURE 2-39. Surface-rendered three
dimensional image of the carotid 
bifurcatiOri. CCA, '<;ommon carotid 
artery; ECA, external. carotid artery; 
rCA, internal carotid artery. 

era ted using the entire 3D image data set. 
The shorter the distance between acquired 
planes, the better will be the resolution, par
ticularly of reconstructed planes from the 
set, but the greater will also be the storage 
and image handling requirements. "Free
hand" scanning, mechanical movement 
within a specialized 3D probe housing, and 
2D transducer arrays have all been imple
mented to translate the acquisition plane 
across the volume. 

In the Simplest freehand scanning 
method, the operator translates the probe 
over the scanned volume and a loop of 
image data is stored during a preset time 
interval. 3D image reconstruction is then 
done by assuming that all image planes are 
equidistant from one another, with the 
interval between planes essentially being 
controlled subjectively by . the operator. 
Rough 3D data sets are thus acquired and 
can be displayed with this method, but the 
distance between image planes is not 
known precisely. The spatial relationship 
between any two structures that are not in 
one of the acquired image planes can be 
erroneous because it depends on the opera� 
tor providing perfectly spaced scans, which 
is unlikely for this type of system. 

More accurate tracking of the transducer 
position can be done by systems '., that 
process the image data to sense changes in 
the image texture patterns from one frame 
to the next while the operator does a free" 
hand sweep. The texture changes are mea-
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sured as reductions in the degree of infor
mation correlation within a region from 
one acquired image to the next. Once the 
rate of reduction with translation distance 
is calibrated, the system can use the image 
data to estimate distances between succes
sive image planes and reconstruct 3D 
data sets. 

A third freehand tracking scheme uses 
sensors attached to the transducer or other
wise placed in the scanning room and mea
sures the position and orientation of the 
probe directly. 19 For example, one method 
uses video cameras to record the positions 
of small reflectors affixed to the transducer, 
while a more common tracking system uses 
an electromagnetic coil attached to the 
probe with transmitters distributed around 
the scanning room. These methods place 
each acquired image in a properly registered 
location and orientation in the 3D ultra
sound data set. Reconstruction and display 
methods then can be used quite reliably for 
producing 3D images. 

More precise acquisitions of volumetric 
data are done using mechanically translated 
transducer arrays within special-purpose 3D 
probes. Mechanical systems for 3D vascular 
imaging have been pioneered by Fenster 
and colleagues.2o Commercial versions of 
the mechanically scanned arrays operate 
with special array transducers that are 
slightly larger than conventional one di
mensional arrays. With these, the image 
plane is manipulated by an internal motor 
system, such as the pivoting system shown 
in Figure 2-41 ,  that translates the acquired 
image plane. Thus, a series of 2D images is 
acquired at volumetric scanning rates that 
are high enough to track slow movements, 
such as fetal limbs. However, blood flow in 
vascular studies usually requires electrocar
diogram gating, particularly when preCise 
measurements of vessel sizes are being 
made. 

Progress is being made gradually in the 
development of full 2D ultrasound trans
ducer arrays.21 These enable acquisition of 
volumetric data sets without the need for 
mechanical manipulations inside the trans
ducer housing or translations of the probe 
by the operator. One such system is rapid 
enough to provide live images of the adult 

FIGURE 2-41 . Commonly used three-dimensional 
transducer assembly. In this arrangement, the image 
plane is translated by mechanical movement, within 
the transducer housing, of a curvilinear array probe. 

heart. Two-dimensional arrays reqUire large 
channel counts to enable individual ele
ments to be driven. For example, a typical 
high-quality one-dimensional array oper
ates with a channel count of 128 or more 
elements. If one were to repeat the same 
channel density in two dimensions, it 
would require more than 10,000 channels, 
which currently is prohibitive, given the 
status of miniaturization of circuits and 
other factors. Thus, the usual strategy is to 
get by on fewer elements. The Duke system, 
for example, uses randomly positioned 
elements. 

There are various ways to display the vol
umetric data during acquisition and for 
analysis. The preferred methods depend on 
the nature of the data and their potential 
uses . .  For example, in echocardiology, a 
simultaneous display of two orthogonal 
image planes that represent traditional ultra
sound acquisition planes, along with one or 
more reconstructed ltC-planes" (constant
depth planes) depicting structures in a 
plane at a selected distance from the trans
ducer, has been found extremely useful. 21 
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Volumetric acquisition and display tech
niques often support multi-view displays, as 
shown in Figure 2-42. The image in the lower 
right represents the entire color data volume 
acquired from a kidney. The gray-scale echo 
data have been suppressed in this view. The 
other three images depict single image 
planes. The top left is the normal acquisition 
plane, representing one of the planes used 
as input to the data set volume. An orthog
onal, reconstructed plane is presented in the 
top right image. Although this image could 
have been generated simply by rotating the 
original scanning plane 90 degrees, here it 
is computed from the 3D data set. The lower 
left image is another reconstructed plane, 
this one at a fixed depth from the trans
ducer. One of the very useful aspects of this 
type of 3D scanning is the ability to gener
ate new image planes, such as that shown 
here, which are not accessible with conven
tional, 2D imaging. 

. Besides multiview displays, various vol
ume rendering and surface rendering tech
niques have been found useful for 3D 
ultrasound data. The fetal image in Figure 
2-43 is one that uses thresholding and 
surface rendering to portray a view similar 
to a visual image of the structures. This 
method works in cases where the image 
contrast is sufficiently high that the surface 

FIGURE 2-42. Display of three
dimensional ultrasound infor
mation from a kidney. Top left, 
One of multiple acquisition 
planes. Top right, Constructed 
plane orthogonal to the acquisi
tion planes. Lower left, recon
structed c-plane (constant depth) 
representing a coronal view. 
Lower right, volume-rendered im
age depicting the blood vessels 
derived using color flow imaging. 
(Courtesy of General Electric.) 

can be detected by automated methods. 
Contrast with color flow imaging is also 
very good, so surface rendered images of 
major vessels (see Fig. 2-39) can portray 
information on the lumen shape and diam
eter, the course of the vessel, and the 
relationship between flow features in adja
cent vessels. Volume rendered images, 
such as the kidney in Figure 2-42 can also 
be useful, particularly when the image 
includes vascular information displayed in 
color. The complex relationship among 
vessels of different diameters and locations 
can be readily appreciated with such 
methods. 

As computational and image processing 
techniques become more powerful and 
processor speeds intensify, we can antici
pate that there will be increasing uses of 3D 
ultrasound. The tremendous data overhead 
that is required for these techniques used to 
be a burden, even for powerful work
stations, but this is no longer the case. Fur
thermore, it is likely that the data-handling 
capabilities of tomorrow's processors will 
hardly be challenged by present-day 
approaches to acquisition, image process
ing, and display. Hopefully, diagnostiC 
capabilities of ultrasound machines will 
also continue to increase, benefiting greater 
numbers of patients. 
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FICURE 2-43, Surface-rendered 
image of a fetus, clearly depict
ing facial features and other 
anatomic details. (Courtesy of 
General Electric.) 

EQUIPMENT SAFETY 

I 
. 

\ � 

, 
• 

In an ultrasound examination, acoustic 
energy must be transmitted into the tissue. 
The possibility that the energy could 
produce a detrimental biologic effect has 
been considered extensively by bioacoustics 
researchers; it continues to be studied to this 
day. At this time, most workers conclude 
that diagnostic ultrasound eqUipment is 
safe and that it is unlikely that bioeffects 
could result from prudent use of this modal
ity, at least with current scanners. The 
American Institute of Ultrasound in Medi
cine's official statement on the clinical 
safety of diagnostic ultrasound instrumen
tation reads as follows: 

. . .  There are no confirmed biological effects on 
patients or instrument operators caused by exposures 
from present diagnostic ultrasound instruments. 
Although the possibility exists that such biological 
effects may be identified in the future, current data 
indicate that the benefits to patients of the prudent 
use of diagnostic ultrasound outweigh the risks, if 
any, that may be present. 22 

Readers should consult more detailed 
reports23 on postulated mechanisms for 
bioeffects; acoustic exposure parameters of 
concern; reports of the nature of biologic 
effects, especially high-power and intensity 
levels; and acoustic output data from 
current scanners.4 

• •  I • . 

, ., • 

I 
tit"!' , ' . 

• 

..�� 
• '.I '  

r " 
,.. 

The responsibility for safety of medical 
diagnostic ultrasound eqUipment falls on 
everyone involved in manufacturing, regu
lating, and using this equipment.24 Until 
recently, manufacturers in the United States 
were required to adhere to "application
specific limits II on the intensity, peak pres
sure levels, and acoustic power levels of 
scanners. When a new scanner or a new 
transducer was planned for marketing, the 
U.S. Food and Drug Administration consid
ered acoustic output data submitted by the 
manufacturer of the device. If the intensi
ties were lower than these limits, the pro
duct was considered satisfactory as far as 
acoustic output was concerned. 

Most equipment manufacturers in the 
United States and Canada now follow the 
acoustic output labeling standard de
scribed earlier in this chapter (see Fig. 2-2) .4 
It requires manufacturers to provide output 
indicators on their scanners to inform users 
of levels as they relate to potential biologic 
effects. These quantities enable users to 
implement the ALARA principle. Although 
regulators continue to impose a 720-
mW/cm2 limit on the time-average inten
sity and a limit of 1 .9 on the MI value, it is 
feasible that such upper limits could be 
relaxed at some future date. Presumably, 
this would open up the potential of still 
further diagnostic capabilities with medical 
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ultrasonography. It would, of course, . also 
pla:ce greater responsibility for clinical 
safety on the operator · and physician 
responsible for the ultrasound examination. 

Some individuals are concerned that the 
removal of application"specific intensity 
limits will not be recognized by ultrasound 
equipment users and they may operate a 
scanner at an unnecessarily high output 
setting. As the new labels become more 
familiar to ultrasonographers, the likeli
hood of this occurring will diminish. 
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C h a pter 
3 

Basic Concepts of Doppler 
Frequency Spectrum .Analysis and 
Ultrasound Blood Flow Illl 

SPECTRUM ANALYSIS 

If blood flow were continuous rather than 
pulsatile, if blood vessels followed straight 
lines and were uniform in caliber, if blood 
flowed at the same velocity at the periphery 
and in the center of the lumen, and if 
vessels were disease free, then each blood 
vessel would produce a single Doppler ultra
sound frequency. However, blood flow is 
pulsatile, vessels are not always straight or 
uniform in size, flow is slower at the periph
ery than in the center of the vessel, and the 
vessel lumen may be distorted by athero
sclerosis and other pathology. For these 
reasons, blood flow produces a mixture of 
Doppler frequency shifts that changes from 
moment to moment and from place to place 
within the vessel lumen. Spectrum analysis 
is needed to sort out the jumble of Doppler 
frequencies generated by blood flow and to 
provide quantitative information that is 
critical for diagnosis of vascular pathology. 

The Doppler Spectrum 

The word spectrum, as derived from Latin, 
means image. You may think of the Doppler 
spectrum as an image of the Doppler fre
quencies generated by moving blood.1-8 In 
fact, this image is a graph showing the 
mixture of Doppler frequencies present in a 
small area of a vessel over a short period of 
time.1-3 The key elements of the Doppler 
spectrum are time, frequency, velocity, and 
Doppler signal power. These elements are 
best described in pictorial form; therefore, 

this information is provided in Figure 3-1 , 
rather than in the text. Please review this 
figure now, directing particular attention to 
the four key elements cited previously. 

The Power Spectrum 

The Doppler frequency spectrum that you 
have just reviewed in Figure 3-1 is some
times called a power spectrum, l-3 because the 
power, or strength, of each frequency is 
shown by the brightness of the pixels. The 
power of a given frequency shift, in turn, is 
proportionate to the number of red blood 
cells producing that frequency shift. If a 
large number of blood cells are moving at a 
certain velocity, the corresponding Doppler 
frequency shift is powerful, and the pixels 
assigned to that frequency are bright. Con
versely, if only a small number of cells are 
causing a certain frequency shift, the pixels 
assigned to that frequency are dim. The 
power spectrum concept is important for 
understanding power Doppler flow imag
ing, which is discussed later in this chapter. 
The concept of the power Doppler spectrum 
is nicely illustrated in Figure 2-29. 

Frequency versus Velocity 

The echoes that return to the transducer 
from a blood vessel contain only Doppler 
frequency shift information; yet the 
Doppler spectrum often displays both veloc
ity (cm/sec or m/sec) and frequency (kHz) 
information. How does the instrument 
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SEatON I Basics 

A 

B 
FIGURE 3-1 . The Doppler spectrum display. The following information is presented on the 
display screen (A, Entire display; B, Magnified Doppler spectrum). 

_Color flow image: The vessel, the sample volume, and the Doppler line of sight are shown 
in the color flow image at the top of the display screen. 

Color flow information: The "color bar" to the right of the image shows the relationship 
between the direction of blood flow and the c0lors in the flow image. By convention, the 
upper half of the bar shows flow toward the transducer. This is logical, as this part of 
the bar is nearest to the transducer in the image. The lower half represents flow away from 
the transducer. In this case, red/orange colors correspond to flow toward the transducers, 
and blue/green colors indicate flow in the opposite direction. A shift in color from red to 
orange or from blue to green represents increasing flow velocity. 

Doppler angle: The Doppler angle for the spectral Doppler appears at the upper right of 
the display screen, in this case 60 degrees. 
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FIGURE 3-1 , cont'd. Time: The time is represented on the horizontal (x) axis of the Doppler 
spectrum, at the base of the display. The lines represent divisions of a second, but typically 
a scale is not provided. 

Velocity: Blood flow velocity (cm/sec) is shown on the vertical (y) axis of the spectrum. In 
this case, velocity is shown on both vertical axes. On some instruments, the velocity is 
shown on one vertical axis and the Doppler-shifted frequency (KHz) on the other. 

The distribution of velocities within the sample volume is illustrated by the brightness of 
the spectral display (the z-axis). To better understand the z-axis concept, examine the mag
nified spectrum shown in B and imagine that the spectral display is made of tiny squares 
called pixels (for picture elements). You cannot see the pixels in this image because they are 
purposely blurred to smooth the picture. The pixels are there, however, and each corre
sponds to a specific moment in time and a specific frequency shift or velocity. The bright
ness of a pixel (its z-axis) is proportionate to the number of blood cells causing that frequency shift 
at that specific point in time. In this example, the pixels at asterisk 1 are bright white, meaning 
that a large number of blood cells have the corresponding velocity (about 4 1  cm/sec) at that 
moment in time. The pixels at asterisk 2 are black, meaning that no (or very few) blood cells 
have the corresponding velocity (about 1 2  cm/sec) at that moment. The pixels at asterisk 3 
are gray, meaning that a moderate number of blood cells have the corresponding velocity 
(about 35 cm/sec) at that moment. Got it? If not, read this again and remember that the 
brightness of each pixel is proportionate to the relative number of blood cells with a spe
cific velocity at a specific moment in time. Since the brightness of the pixels also shows the 
distribution of flow energy, or power, at each moment in time, the spectrum display is also 
called a power spectrum. 

Flow direction: The direction of flow is shown in relation to the spectrum baseline. In this 
case, flow toward the transducer is shown above the baseline, and flow away from the trans
ducer is shown below the baseline. Note that the number 40 in the lower right corner is 
preceded by a minus sign. This is because the area below the baseline corresponds to flow 
away from the transducer, which would generate a negative Doppler shift. The relationship 
between the flow direction and the Doppler baseline may be reversed by the operator, but 
flow toward the transducer will always be represented by positive velocity or frequency 
values. 

Peak velocity envelope: The peak velocity throughout the cardiac cycle is shown by the green 
line outlining the Doppler spectrum. Based on this envelope, a numeric output is provided 
at the bottom left, showing the peak systolic velocity (PSV) and the minimum diastolic 
velocity (MDV). In this case, the MDV also corresponds to the end diastolic velOCity, but 
this is not necessarily the case. The instrument also automatically calculates the resistivity 
index (RI) and the pulsatility index (PI), as shown below the velocity values. 

Pulse repetition frequency: A noteworthy number shown on the display is the pulse repeti
tion frequency (PRF). The PRF for the color flow image is shown at the left of the image 
(1000 Hz, or cycles, or pulses per second) . The PRF for the spectral Doppler is much higher 
(6250 Hz), as shown to the right of the color flow image. This difference illustrates the fact 
that the color flow image is based on the average Doppler frequency shift or velocity, while 
the spectral Doppler values are shown as absolutes, without averaging. A higher PRF is 
needed for the spectral Doppler to ensure that systolic velocities are shown accurately, 
without aliasing. 
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convert the Doppler frequency shift to 
velocity? This conversion occurs when the 
sonographer "informs" the duplex instru
ment of the Doppler angle,1,2,9 which is 
shown in Figure 3-2. If the instrument 
"knows" the Doppler angle, it can then 
compute the blood flow velocity via the 
Doppler formula (see Chapter 2). You may 
note in this formula that the frequency shift 
is proportional to the cosine of the Doppler 
angle, theta. When the operator informs the 
ultrasound machine of this angle, the fre
quency shift is proportional to blood flow 
velocity. Voila! The frequency spectrum 
becomes a velocity spectrum. A Doppler 
angle of 60 degrees or less is required to 
derive accurate frequency and velocity 
measurements. If the angle is greater than 
60 degrees, velocity measurements are unre
liable. Some ultrasound instruments will 
not calculate velocity if the angle is much 
greater than 60 degrees. Measurement vari
ability also occurs when the Doppler angle 
approaches zero, and it is generally recom-

FIGURE 3-2. The Doppler angle and sample volume. 
The nearly vertical line is the Doppler line of sight. The 
line in the center of the blood vessel indicates the axis of 
blood flow. The angle formed by these two lines is the 
Doppler arigle (9). The parallel lines (arrows) indicate 
the length of the Doppler sample volume. 

mended that .the Doppler angle should be 
between 45 and 60 degrees for greatest 
accuracy. 

In spite of potential measurement inac
curacy described in the previous paragraphs, 
it is desirable to operate the duplex instru
ment in the velocity mode rather than the 
frequency mode for two reasons; 1,2,9 First, 
velocity measurements compensate for 
variations in vessel alignmentrelative to the 
skin surface. For instance, the Doppler fre
quency shift observed in a tortuous internal 
carotid artery might be radically different 
from one point to another, but angle
corrected velocity measurements will be 
similar throughout the vessel, in spite of 
dramatic changes in vessel orientation rela
tive to the skin. Second, the Doppler fre
quency shift is inherently linked to the 
output frequency of the transducer, but 
velocity measurement is independent of the 
transducer frequency. For instance, if the 
output frequency goes from 5 to 10 MHz, 
the frequency shift is doubled. Imagine the 
clinical consequences of such frequency 
changes. For instance, to determine stenosis 
severity, different diagnostic parameters 
would be needed for different ultrasound 
transducers (e.g., 3.5,  5, or 7 .5  MHz). This 
problem is eliminated when the instrument 
converts the "raw" frequency information 
to velocity data. 

Auditory Spectrum Analysis 

The human ear was the spectrum analysis 
instrument used initially for Doppler blood 
flow studies. The ear is a highly cap
able spectrum analysis instrument, which 
is evident in its ability to distinguish 
one person's voice from another. Even 
though duplex ultrasound instruments are 
equipped with electronic spectrum analysis 
devices, an audible Doppler output is pro
vided as well, to take advantage of the 
human ear's capabilities. Certain features 
of the Doppler flow signal can be appre
ciated aurally that are difficult or impos
sible to display electronically, and as a 
result, the audible Doppler signal remains 
important in ultrasound vascular diagnosis. 
For instance, in very high-grade carotid 
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stenoses, a distinctive whining or whistling 
sound is heard. In spite of its abilities, 
however, the human ear has three major 
drawbacks. First, the ear is a purely qualita
tive device; second, it is not equipped with 
a hard copy output for permanent storage; 
and third, some ears work better than 
others�some cannot hear very high fre
quencies. _Electronic spectrum .analysis over
comes these obstacles. 

The Sample Volume 

The frequency spectrum shows blood flow 
information from a specific location called 
the Doppler sample volume, which is illus
trated in Figure,3-2. You should be familiar 
with the · following three characteristics of 
the Doppler sample volume: First, it is, in 
fact, a volume (three dimensions), even 
though only two of its dimensions are 
shown on the duplex image. The "thick
ness" of the sample volume cannot be 
shown on the two-dimensional spectrum 
display, and this can sometimes lead to 
errors oflocalization. Doppler signals may 
be obtained from vessels that are marginally 
within · the sample volume but are not 
shown on the two-dimensional display. For 
instance, the ultrasound image · may show 
the internal carotid artery, but you may 
actually be receiving flow signals from an 
adjacent external carotid branch. Second, 
the actual shape and size of the sample 
volume may be somewhat different from 
the linear representation shown on the 
duplex image. Third, and most important, 
the Doppler spectrum displays flow infor
mation only within the sample volume and 
does not -provide information about flow in 
other portions of the blood vessel that are 
visible- on the ultrasound image. Therefore, 
if the sample volume is positioned incor
rectly, key .diagnostic information may be 
overlooked. 

Flow Direction 

The frequency spectrum shows blood 
flow relative to the transducer. Flow in one 
direction, with respect to the transducer, 

is displayed above the spectrum baseline, 
and flow in the opposite direction . is 
shown below the baseline. One must always 
remember that the flow direction is relative 
to the transducer and is not absolute. 
The apparent direction of flow can be 
reversed by turning the transducer around 
or by pressing a button on the instrument 
that inverts the spectruml The arbitrary 
nature of this arrangement can lead to sig
nificant diagnostic error. When accurate 
determination of flow direction is necessary, 
a comparison should be made with a refer
ence vessel in which the flow direction 
is known (e.g., when working in the 
abdomen, the aorta is a handy reference 
vessel). 

Waveforms and Pulsatility 

In arteries, each cycle of cardiac activity 
produces a distinct "wave" on the Doppler 
frequency spectrum that begins with 
systole and terminates at the end of dias
tole. The term waveform refers to the shape 
of each of these waves, and this shape, in 
turn, defines a very important flow property 
called pulsatility. l,2, 10-28 In general terms, 
Doppler waveforms have low, moderate, 
or high pulsatility features, as illustrated 
in Figure 3-3. Please review this figure 
before proceeding to the material that 
follows. 

Low-pulsatility Doppler waveforms have 
broad systolic peaks and forward flow 
throughout diastole (see Fig. 3-3A). The 
carotid, vertebral, renal, and celiac arteries 
all have low-pulsatility waveforms in 
normal individuals because these vessels 
feed Circulatory systems with low resistance 
to flow (low peripheral resistance). Low
pulsatility waveforms are also monophaSic, 
meaning that flow is always forward, arid 
the entire waveform is either above or below 
the Doppler spectrum baseline (depending 
on the orientation of the ultrasound 
transducer). 

Moderate-pulsatility Doppler waveforms 
have an appearance somewhere between 
the low- and high-resistance patterns (see 
Fig. 3-3B). With moderate flow resistance, 
the systolic peak is tall and sharp, but 
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FIGURE 3-3. Pulsatility. A, 
Low pulsatility is indicated 
by broad systolic peaks and 
persistent forward flow thro
ughout diastole (e.g., the 
internal carotid artery). B, 
Moderate pulsatility is in
dicated by tail, sharp, and 
narrow systolic peaks and 
relatively little diastolic flow 
(e.g., the external carotid 
artery). C, High pulsatility is 
characterized by narrow sys
tolic peaks, flow reversal 
early in diastole, and ab
sence of flow late in dias
tole. In this classic triphasic 
example, the first phase (1) 
is systole, the second phase 
(2) is brief diastolic flow 
reversal, and the third phase 
(3) is diastolic forward flow. 
Triphasic flow is seen in 
normal extremity arteries at 
rest. 
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forward flow is present throughout diastole 
(perhaps interrupted by early-diastolic flow 
reversal). Examples of moderate pulsatility 
are found in the external carotid artery and 
the superior mesenteric artery (during 
fasting). 

High-pulsatility Doppler waveforms have 
tall, narrow, sharp systolic peaks and 
reversed or absent diastolic flow. The classic 
example of high pulsatility is the triphasic 
flow pattern seen in an extremity artery of 
a resting individual (see Fig. 3-3C). A sharp 
systolic peak (first phase) is followed by 
brief flow reversal (second phase) and then 
by brief forward flow (third phase). High
pulsatility waveforms are a feature of circu
latory systems with high resistance to blood 
flow (high peripheral reSistance). 

Pulsatility and flow resistance may be 
gauged qualitatively, either by visual in
spection of the Doppler spectrum wave
forms or by listening to the auditory output · 
of a Doppler instrument. Qualitative assess
ment of pulsatility is often sufficient for 
clinical vascular diagnosis, but in some sit
uations (e.g., assessment of renal transplant 
rejection), quantitative assessment is desir
able. A variety of mathematical formulae 
can be used for this purpose, but the most 
popular measurements are the pulsatility 
index (of Gosling), the resistivity index 
(of Pourcelot), and the systolic/diastolic 
ratio,24,26,28,29 all of which are illustrated in 
Figure 3-4. 

Normal values for pulsatility measure
ments vary from one location in the body 
to another. Furthermore, both physiology 
and pathology may alter arterial pulsatility. 
For example, the normal high-pulsatility 
pattern seen in extremity arteries during 
rest converts to a low-resistance, monopha
sic pattern after vigorous exercise (because 
the capillary beds open and flow resistance 
decreases). Although this monophasic 
pattern is normal after exercise, it is dis
tinctly abnormal in a resting patient and, in 
that circumstance, indicates arterial insuffi
ciency resulting from obstruction of more 
proximal arteries. The point to be made 
here is that proper interpretation of pul
satility reqUires knowledge of the normal 
waveform characteristics of a given vessel 
and the physiologic status of the circulation 
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FIGURE 3-4. Pulsatility measurements. A, The pulsatil
ity index (Gosling). B, The resistivity index (Pourcelot). 
C, The systolic/diastolic ratio. 

at the time of examination. The status of 
cardiac function is also important; slowed 
ventricular emptying, valvular reflux, valvu
lar stenosis, and other factors may signifi
cantly affect arterial pulsatility. 

Acceleration 

Acceleration is another important flow 
feature evident in Doppler spectral wave
forms.24,25 In most normal situations, flow 
velocity in an artery accelerates very rapidly 
in systole, and the peak velocity is reached 
within a few hundreds of a second after 
ventricular contraction begins. Rapid flow 
acceleration produces an almost vertical 
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FIGURE 3-5. Acceleration and damping. A, The acceleration time (0.03 sec) is normal in the right kidney. B, The 
acceleration time is prolonged (0. 1 5  sec) in the left kidney due to severe proximal renal artery stenosis. (A and B 
are from the same patient.) C, Severely damped dorsalis pedis artery waveform distal to common iliac and super
ficial femoral artery occlusion. Normally, this waveform should look like Figure 3-3C. Acceleration is severely 
delayed, and a large amount of flow is present throughout diastole, consistent with severe ischemia. 

deflection of the Doppler waveform at the 
start of systole (Fig. 3-SA).  If, however, 
severe arterial obstruction is present proxi
mal (upstream) to the point of Doppler 
examination, systolic flow acceleration may 
be slowed substantially, as shown in Figure 
3-SB and C. Quantitative measurement of 
acceleration is achieved by measuring the 
acceleration time and the acceleration 
index, as illustrated in Figure 3-6. These 
measurements are used, for example, in 
evaluating renal artery stenosis. 

Vessel Identity 

As you may have already surmised, vessels 
can be identified by their waveform pul
satility features. 1,2, 14,21-23,26 For example, 
Doppler waveforms readily differentiate 
between lower extremity arteries, which are 
distinctly pulsatile, and veins, which have 
gently undulant flow features. Doppler 
waveforms are particularly helpful in iden
tifying the internal and external carotid 
arteries, which have low and moderate 
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Systolic acceleration time 

A 

O �----��---+�-------------

T 

Systolic acceleration rate = 
6 T  

v 

B 
FIGURE 3-6. Acceleration measurements: acceleration 
time (A) and acceleration rate (B). 

FIGURE 3-7. Laminar flow. A, II· 
lustration of parallel lines of 
blood cell movement. B, Dop
pler spectrum during laminar 
flow. At all times, the blood cells 
are moving at similar velocities. 
As a result, the spectrum is a 
thin line that encloses a well
defined black "window" (W). 

A 

B 

pulsatility, respectively. Pulsatility is also of 
value within the liver for differentiating 
among the portal veins, hepatiC veins, and 
hepatic arteries, as discussed in Chapter 3 1 .  

Laminar and Disturbed Flow 

Blood generally flows through arteries in an 
orderly way, with blood in the center of the 
vessel moving faster than the blood at the 
periphery. This flow pattern is described 
as laminar, because the movement of blood 
is in parallel lines. 1,2,4, 14, 15 When flow is 
laminar, the great majority of blood cells 
are moving at a uniform speed, and the 
Doppler spectrum shows a thin line that 
outlines a clear space called the spectral 
window (Fig. 3-7).* 

'The term plug flow is actually more precise for this 
spectral pattern, as discussed in Chapter 1, but the term 
laminar is used throughout this text, in keeping with 
common convention. 
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SECTION I Basics 

In disturbed flow, the movement of blood 
cells is less uniform and orderly than in 
laminar flow. Disturbed flow is manifested 
as spectral broadening or widening of the 
spectral waveform. 1,2,4, 15-19 The degree of 
spectral broadening is proportionate to the 
severity of the flow disturbance, as illustrated 
in Figure 3-8. Although disturbed blood 

c 

D 

flow often indicates vascular disease, it must 
be recognized that flow disturbances also 
occur in normal vessels. Kinks, curves, and 
arterial branching may produce normal 
flow disturbances, as illustrated qUite 
vividly in the carotid bulb, where a promi
nent area of reversed flow is a normal occur
rencell,20,21 (Fig. 3-9). In addition, a spurious 

FIGURE 3-8. Disturbed flow. 
A, Disturbed flow illustra
tion. B, Minor flow distur
bance is indicated by spec
tral broadening at peak sys
tole and through diastole. 
C, Moderate flow distur
bance causes fill-in of the 
spectral window. D, Severe 
flow disturbance is charac
terized by spectral fill-in, 
poor definition of spectral 
borders, and simultaneous 
forward and reversed flow. 
The audible Doppler signal 
has a loud, gruff charac
ter when flow is severely 
disturbed. m
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CHAPTER 3 Basic Concepts of Spectrum Analysis and Blood Flow Imaging 

FIGURE 3-9. Normal bifurcation 
flow disturbance. A, Flow rever
sal in the bulbous portion of the 
common and internal carotid 
arteries causes localized color 
changes (alTow, blue color) . 
B, Simultaneous forward and 
reverse flow is evident in the 
bulbous region on the Doppler 
spectrum. 

disturbed flow appearance may be created 
in normal arteries through the use of a large 
sample volume that encompasses both the 
slow flow area near the vessel wall and more 
rapid flow at the vessel center. 16-19 The ' 
Doppler spectrum, in such cases, appears 
broadened because both the high-velocity 
flow at the vessel center and the slow flow 
at the periphery of the vessel are encom
passed by the wide sample volume. 

Volume Flow 

Modern duplex instruments are capable of 
measuring the volume of blood flowing 
through a vessel (volume flow).1,2,30-32 This is 
done by measuring the average flow veloc
ity across the entire lumen (slow peripheral 
flow and high central flow) through several 
cardiac cycles while simultaneously meas
uring the vessel diameter, which is con
verted mathematically into cross-sectional 
area. Knowing the average velocity and the 
vessel area, it is an easy matter for the 
Doppler instrument to calculate the blood 
flow (in mL/min), and this is done auto-

matically by the ultrasound instrument. 
Although the ability to calculate volume 
flow has been available on duplex instru
ments for more than 20 years and measure
ment accuracy appears satisfactory, volume 
flow measurements have found surprisingly 
little use in a clinical setting.4-9,14-16,30,31,33,34 

DIAGNOSIS OF ARTERIAL 
OBSTRUCTION 

Now that we have covered the basic con
cepts of Doppler spectral analysis, we can 
turn to the "heart of the matter, " namely, 
how to use Doppler spectral analysis to 
diagnose arterial obstruction. Five main 
categories of information are used in this 
process: (1)  increased stenotic zone velocity, 
(2) disturbed flow in the poststenotic zone, 
(3) proximal pulsatility changes, (4) distal 
pulsatility changes, and (5) indirect effects 
of obstruction, such as collateralization. * 
These categories are summarized in Table 
3-1 ,  and each is discussed in the following 
sections. 

*See references 2, 4-10, 13, 15-19, 22-27, 29, 33, 35 
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SECTION I Basics 

Table 3-1 . Spectral Features of Arterial 
Obstruction 

Local effects 
Elevated flow velocity in the stenotic lumen 
Poststenotic flow disturbance 

Proximal (upstream) pulsatility changes 
Increased pulsatility 
Decreased velocity overall, due to decreased 

flow 
Distal (downstream) pulsatility changes 

Slowed systolic acceleration 
Broad systolic peak 
Increased diastolic flow (reduced peripheral 

resistance) 
Decreased velocity overall 

Secondary (collateral) effects 
Increased size, velocity, and volume flow in 

collateral vessels 
Reversed flow in collateral vessels 
Decreased pulsatility (flow resistance) in 

collateral vessels 

Increased Stenotic 
Zone Velocity 

The term stenotic zone refers to the narrowed 
portion of the arterial lumen. For determin
ing the severity of arterial stenosis, the 
single most valuable Doppler finding is 
increased velocity in the stenotic zone. Flow 
velocity is increased in the stenotic zone 
because blood must move more quickly if 
the same volume is to flow through the nar
rowed lumen as through the larger, normal 
lumen. The increase in stenotic zone veloc
ity is directly proportional to the severity of 
luminal narrowing. 

Three stenotic zone velocity measure
ments are commonly used to determine the 
severity of arterial stenoses (Fig. 3-10): (1) 
peak systolic velocity (also called peak 
systole), which is the highest systolic veloc-

FIGURE 3-1 0. Local effects of arterial stenosis. A, The high velocities present in the narrowed portion of the arte
rial lumen generate an area of color aliasing (arrow) within the stenotic lumen. (The color Doppler pulse repeti
tion frequency is not high enough to accurately record the average velocity, and flow is shown in reverse-flow 
colors.) B, Disturbed flow in the posts ten otic area generates a mixture of colors (arrow). C, Doppler spectrum analy
sis shows markedly elevated flow velocity, with a peak systolic velocity of 350.7 cm/sec and end diastolic velocity 
of 1 1 6.9 cm/sec. D, Severe flow disturbance is evident in the poststenotic region, as indicated by simultaneous 
forward and reverse flow, spectrum fill-in, and poor definition of the spectrum margins. 
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ity within the stenosis; (2) end-diastolic veloc
ity (also called end diastole), which is the 
highest end-diastolic velocity; and (3) the 
systolic velocity ratio, which compares peak 
systole in the stenosis with peak systole 
proximal to the stenosis (in a normal 
portion of the vessel) . 

Peak systole in the stenotic zone is the 
first Doppler parameter to become abnor
mal as an arterial lumen becomes narrowed. 
The region of maximum velocity within the 
stenotic zone may be quite small, and for 
that reason, the sonographer must "search" 
the stenotic lumen with the sample volume 
to locate the highest flow velocity. If the 
highest flow velocity is overlooked, the 
degree of stenosis may be underestimated. 
As shown in Figure 3-1 1, peak systole rises 
steadily with progressive narrowing, but 
ultimately the flow resistance becomes so 
high (at about 80% diameter reduction) that 
peak systole falls to normal or even subnor-
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mal levels. This drop in velocity can cause 
the unwary to underestimate the severity of 
a high-grade stenosis. Low flow velocity in 
a very high-grade stenosis may also lead to 
false diagnosis of arterial occlusion, if the 
velocity is so low that Doppler signals 
cannot be detected with ultrasound. 

The end-diastolic velocity (end diastole) 
in the stenotic zone, generally remains 
normal with less than 50% (diameter) nar
rowing, as there is no pressure gradient 
across the stenosis in diastole. With mo
derate stenosis (50%-70% diameter reduc
tion), however, a pressure gradient exists 
throughout diastole, and end-diastolic 
velocity is elevated in proportion to steno
sis severity. With severe stenosis (70%-90% 
diameter reduction), a substantial pressure 
gradient exists throughout diastole, and 
diastolic velocities are high. Furthermore, 
with progression of stenosis severity, end
diastolic velocity increases at a greater rate, 
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FIGURE 3-1 1 .  Relationship among velocity, flow, and lumen size. This graph refers specifically to internal carotid 
artery stenosis, but the principles illustrated apply to stenoses in other arteries throughout the body. Note that 
peak systolic velocity in the stenotic internal carotid lumen (labeled velocity) increases exponentially as the lumen 
diameter decreases (from right to left). The highest velocities correspond to approximately 70% diameter reduc
tion. With greater stenosis severity, peak systolic velocity falls off rapidly to zero (because of rapidly increasing 
flow. resistance); In contrast to velocity, volume flow (labeled flow) remains stable until the lumen diameter is 
reduced by about 50%. With further reduction in lumen size, volume flow falls off very rapidly to zero. Finally, 
note the relationship of percent diameter and area reduction, as shown at the base of the figure. Fifty percent 
diameter reduction equals about 70% area reduction, and 70% diameter reduction equals about 90% area reduc
tionL(Modified from Spencer MP: Full capability Doppler diagnosis. In Spencer MP, Reed JM reds]: Cerebrovascu
lar Evaluation with Doppler Ultrasound. The Hague, Netherlands, Martinus Nijhoff, 1981,  p 213, with kind 
permission from Kluwer Academic Publishers.) 
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proportionately, than the peak systolic 
velocity, and as a result, the difference 
between peak systolic and end-diastolic 
velocity decreases. End-diastolic velocity, 
therefore, is a particularly good marker for 
severe stenosis.9 

The systolic velocity ratio, as defined previ
ously, is an additional important parameter 
for the diagnosis of arterial stenosis. This 
parameter is used to compensate for patient
to-patient hemodynamic variables, such as 
cardiac function, heart rate, blood pressure, 
and arterial compliance. Tachycardia, for 
instance, tends to increase peak systole in 
the stenotic zone, whereas poor myocardial 
function may decrease peak systole. The sys
tolic velocity ratio allows the patient to act 
as his or her own physiologic "standard, " 
because peak systole in the stenotic zone is 
compared with peak systole in a normal 
arterial segment (e.g., the common carotid 
artery) . The systolic velocity ratio is used 
clinically in a number of circumstances, 
including the measurement of internal 
carotid, renal, and extremity artery stenoses. 

Post-stenotic Flow Disturbance 

The post-stenotic zone is the region imme
diately beyond an arterial stenosis in which 
disorganized or "disturbed" flow occurs. The 
demonstration of disturbed flow is an 
important diagnostic feature. To understand 
why flow is disturbed in the post-stenotic 
region, envision the flow stream from the 
stenotic lumen suddenly spreading out" in 
the much larger, post-stenotic zone, causing 
the laminar flow pattern to be lost and the 
flow to become disorganized, which gener
ates a disturbed Doppler spectral pattern, as 
illustrated in Figures 3-8 and 3-lOD. In 
some cases, frank swirling movements (or 
turbulence) occur in the post-stenotic zone, 
producing simultaneous forward and re
verse flow on the Doppler spectrum. The 
maximal flow disturbance occurs within 1 
cm beyond the stenosis, 16 and in very severe 
stenoses, soft tissues adjacent to this portion 
of the artery may vibrate, causing a "visible 
bruit" on color Doppler images, as illus
trated later in this chapter. Approximately 2 
cm beyond the stenosis, the flow distur-

bance becomes less violent and spectral 
broadening diminishes. An orderly, laminar 
flow pattern may be reestablished within 3 
cm beyond the stenosis,4, 16 but this distance 
is variable. 

Post-stenotic flow disturbances can be 
visually graded,2,4,6,9,15-19 as shown in Figure 
3-8. In general, minimal and even moder
ate flow disturbances are of little diagnostic 
value, because they may occur in both 
normal and abnormal vessels. Severe flow 
disturbance, however, generally does not 
occur in normal vessels and is an important 
sign of high-grade arterial narrowing or 
other arterial pathology such as an intimal 
flap, dissection, or an arteriovenous fistula. 
Severe flow disturbances are "beacons" indi
cating the presence of arterial disease. 
Whenever a severe flow disturbance is 
detected, the sonographer should search 
carefully for an adjacent stenosis or other 
vascular lesion. In some cases, the stenosis 
may be obscured by plaque calcification 
(preventing direct ultrasound visualization), 
and in such instances, posts ten otic dis
turbed flow may be the only sign of signif
icant arterial narrowing. 

Proximal Pulsatility Changes 

Arterial obstruction causes increased pul
satility (as defined previously) in portions of 
the artery proximal to (upstream from) the 
stenosis, and this finding, therefore, may be 
very important diagnostically. The classic 
example of this phenomenon occurs with 
severe internal carotid artery obstruction, 
which causes the Doppler spectrum in the 
common carotid artery to have high
pulsatility features rather than the nor
mal low-pulsatility pattern (Fig. 3-12) .  To 
understand why pulsatility is increased 
proximal to a stenosis, imagine that blood 
flowing in the common carotid artery is 
being propelled toward a "valve" in the 
internal carotid artery that is 90% or 100% 
closed rather than wide open. How do you 
think the velocity waveform will appear in 
the common carotid artery? First, you can 
imagine that in systole, flow will go forward 
for only a brief moment and will then slow 
abruptly; therefore, the systolic peak will be 
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FIGURE 3-1 2. Increased common 
carotid artery pulsatility due to 
internal carotid artery occlusion. 
A, A high-resistance flow pattern 
is evident in this common carotid 
artery, consisting of sharp systolic 
peaks, diastolic flow reversal, and 
absence of flow throughout most 
of diastole. The ipsilateral internal 
carotid artery was occluded. 
B, The contralateral common 
carotid artery shows normal flow 
features. 

sharp and narrow. Second, there will be rel
atively little flow in diastole, because intra
arterial pressure will be insufficient to force 
blood through the closed valve. Third, back
pressure from the blockage may cause a 
brief flow reversal early in diastole, equiva
lent to the reflected wave seen in normal 
extremity arteries. Finally, flow velocity in 
the common carotid artery will be low 
throughout the entire cardiac cycle because 
the closed valve will reduce blood flow 
overall. The increase in pulsatility proximal 
to a stenosis may be lessened in the pres
ence of collateral flow. For instance, abnor
mal common carotid pulsatility may be 
absent, in spite of a high-grade internal 
carotid stenosis, if a large volume of collat
eral flow occurs via the external carotid 
artery. In such cases, collateral vessels 
provide an alternative, low-resistance 
pathway for blood flow and decrease the 
level of pulsatility. 

Distal Pulsatility Changes 

Doppler waveform abnormalities seen 
distal to a stenosis (downstream) also have 
considerable value in the diagnosis of arte
rial stenosis. As noted previously in the 
section on acceleration, the flow velocity 
in a normal, wide open, artery increases 
abruptly in systole, and the systolic peak is 
reached quickly (see Fig. 3-SA) . In contrast, 
the Doppler waveform distal to a severe arte
rial obstruction has a "damped" appearance 
(see Fig. 3-SB and C), which means that the 

systolic acceleration is slowed, the systolic 
peak is rounded, the maximum systolic 
velocity is lower than normal, and diastolic 
flow is increased. The terms pulsus tardus 
and pulsus parvus are also used to describe 
these damped, postobstructive waveforms. 
Tardus refers to delayed arrival of the sys
tolic peak, and parvus refers to overall low 
velocity. There are three causes for the 
pulsus tardus and parvus appearance. First, 
it can be imagined that blood is being 
"squeezed" slowly through the obstructed 
lumen (or tiny collaterals), rather than 
"flying" along a broad tube. Therefore, it 
takes longer to reach peak velocity in 
systole, and systolic acceleration is reduced. 
Second, flow velocity is low, because less 
blood is moving through the obstructed 
vessel. This makes the Doppler waveform 
smaller than normal overall. Finally, 
ischemic distal tissues are "begging" for 
blood, with capillary beds wide open. The 
resultant decrease in peripheral resistance 
allows blood to flow throughout diastole, 
even in vessels that normally would not 
have diastolic flow (e.g., extremity arteries) . 
The net effect of all three factors is the 
damped (also called dampened) waveform 
appearance described previously. The 
importance of this waveform shape cannot 
be overstated, since it clearly indicates the 
presence of arterial obstruction proximal to 
the Doppler examination site. 

Waveform damping due to proximal 
obstruction may be assessed visually, but 
it also is possible to quantify damping 
by measuring the acceleration time or 
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acceleration index and with pulsatility 
indices described previously in this chapter. 

Secondary (Collateral) Effects 

The final diagnostic features of arterial 
obstruction of diagnostic importance are 
flow changes in collateral vessels. Arterial 
obstruction commonly alters flow in collat
eral channels that may be near to or distant 
from the site of obstruction. These flow 
alterations include increased velocity, in
creased volume flow, reversed flow direc
tion, and pulsatility changes. For example, 
the external carotid artery may become an 
important collateral vessel in the event of 
ipsilateral or contralateral internal carotid 
stenosis or occlusion. Likewise, the vertebral 
artery may become a collateral source of 
arm perfusion in cases of subclavian artery 
obstruction. In such cases, blood flow may 
reverse in the ipsilateral vertebral artery and 
flow may be substantially increased in the 
contralateral vertebral artery, accompanied, 
in turn, by increased vessel size and flow 
velocity. 

Secondary manifestations of arterial 
obstruction can be important diagnostically 
for the following reasons: (1) they may 
indicate that an obstructive lesion exists 
that would not be apparent otherwise, for 
example, when reversed vertebral flow calls 
attention to subclavian stenosis; (2) the 
location of collaterals roughly indicates the 
level of obstruction; and (3) secondary flow 
changes provide some data, albeit limited, 
about the adequacy of the collateral system 
circumventing an obstructive lesion. Such 
changes are of particular importance in 
transcranial Doppler applications, as con
sidered in Chapter 12. 

COLOR FLOW ULTRASOUND 
IMAGING 

One of the more remarkable developments 
in ultrasound instrumentation is color flow 
ultrasound imaging, which superimposes a 
blood flow image on a standard gray-scale 
ultrasound image, permitting visual assess
ment of blood flow. Color flow imaging is 

an essential component of ultrasound vas
cular diagnosis, and for that reason, the 
proper use of this modality is very impor
tant. Color flow has certain idiosyncrasies 
and limitations that can cause significant 
diagnostic error if the sonographer has 
insufficient understanding of this modality 
and its applications. Therefore, it is worth
while to review this subject. 

Principles of Color Flow 
Imaging 

There are three methods of generating 
color flow images, color Doppler, time 
domain imaging, and power Doppler. We 
generally lump these together under the 
general term color flow, but the more specific 
terms color Doppler and power Doppler also 
are commonly used. You will appreciate the 
differences among these color imaging 
methods after reading the following 
material. 

Color Doppler Imaging 

Gray-scale ultrasound instruments use 
only two pieces of information from each 
echo that returns from the patient's 
body: the distance from the echo to the 
transducer (determined by the time of 
flight of the ultrasound pulse) and the 
strength of the echo. The echo signal typi
cally contains other information, such as a 
Doppler frequency shift, but this infor
mation is disregarded. Color Doppler 
instruments36-40 utilize the Doppler shift 
information, in addition to time of flight 
and amplitude information, to illustrate 
blood flow in color, as shown in Figure 
3-13. For each echo shown on the color 
Doppler image, the instrument makes five 
determinations: 
1 .  How long has it taken for the sound beam 

to travel to and from the site of the echo? As 
is the case in all ultrasound machines, 
this "time of flight" of the ultrasound 
beam indicates the distance of the echo 
reflector from the transducer. 

2. How strong is the echo? The strength or 
amplitude of the ultrasound signal 
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Transducer 

} Amplitude 
information only 

} Doppler shift 
information 

FIGURE 3-1 3. Color Doppler instrumentation. Station
ary reflectors generate only amplitude information and 
are represented in shades of gray. Moving reflectors 
generate a Doppler frequency shift and are shown in 
color. Different colors can be used to show flow toward 
the transducer (increased Doppler-shifted frequency) 
and away from the transducer (decreased Doppler
shifted frequency). 

determines how brightly the echo is dis
played on the image, both for the gray
scale and the color Doppler components. 

3. Is a Doppler frequency shift present? If so, 
the echo is represented in color; if not, it 
is represented in shades of gray. 

4 .  What is the magnitude of the Doppler 
frequency shift? The magnitude of the 

FIGURE 3-1 4. Color flow schemes. A variety of 
color schemes are used in color Doppler instru
ments. A, With this scheme, progressive increase 
in the frequency shift changes the image color 
from red to pink to white, or from dark blue to 
light blue to white, depending on the flow direc
tion. B, With this scheme, the color changes 
from red to yellow or from blue to green. 

Doppler shift is proportionate to the 
blood flow velocity and the Doppler 
angle (shown in Fig. 3-2). Different fre
quency levels are shown on the image as 
different color shades or hues. 

5. What is the direction of the Doppler shift? 
The instrument determines whether 
flow is toward or away from the trans
ducer by noting whether the echo has a 
higher or lower frequency than the ultra
sound beam sent out from the trans
ducer. A higher Doppler frequency 
means flow is (relatively) toward the 
transducer, and a lower Doppler fre
quency means flow is away from the 
transducer. It is customary to show flow 
in one direction in blue and flow in the 
other direction in red. However, the 
operator can select other color schemes, 
if desired. 

You should note that both the direction 
of flow and the velocity of flow (Doppler 
shift) are shown on the color Doppler image 
(Fig. 3-14). This can be done in two ways. 
With the shifting hue method, different 
colors are used to represent different fre
quency levels (e.g., with increasing fre
quency/velocity, the color shifts through 
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blue, green, yellow, and white) . With the 
changing shade method, the same color is 
shown, but the color gets lighter as the fre
quency increases (e.g., through dark red, 
light red, pink, and, finally, white) . Some 
sonologists prefer the shifting hue method, 
believing that it more clearly represents 
changes in the frequency shift and may 
demonstrate aliasing more clearly, as con
sidered later. 

Time-Domain Color Flow Imaging 

The color flow images generated with the 
time-domain method41 look like the flow 
images produced with the Doppler method 
previously described, but these color flow 
techniques are actually quite different. In 
the time-domain method, the ultrasound 
instrument identifies clusters of echoes 
(called speckle) within the ultrasound image 
and notes how far these clusters move on 
successive ultrasound pulses. By repeatedly 
"testing" echo clusters for movement, the 
instrument recognizes regions where flow is 
present. Flow direction and flow velocity are 
ascertained directly with the time-domain 
method, by noting which way and how 
fast the clusters move.41 Time-domain flow 
imaging is not widely used by ultrasound 
equipment manufacturers. The most com
monly used color flow methods are color 
Doppler and power Doppler. 

Power Doppler Flow Imaging 

The third method of color flow imaging is 
used widely in vascular diagnosis and is 
called power Doppler flow imaging, or power 
Doppler, for short. As its name implies, this 
is a Doppler method, but it differs from 
standard color Doppler imaging, previously 
described, in that the power or intensity of 
the Doppler signal is measured and mapped 
in color, rather than the Doppler frequency 
shift, per se.42 Stated differently, the instru
ment determines how strong the Doppler 
shift is at all locations within the image field 
and displays locations where the strength of 
the Doppler signal exceeds a threshold level 
(Fig. 3-15) .  The term power, as used here, has 

the same meaning as in "Doppler power 
spectrum," as described earlier in this 
chapter. Compared with standard color 
Doppler imaging, power Doppler42 is said to 
be more sensitive in detecting blood flow 
and less dependent on the Doppler angle. 
These advantages mean that smaller vessels 
and vessels with slow flow rates can be 
imaged; furthermore, even tissue perfusion 
can be assessed, to a limited degree. The 
enhanced sensitivity of power Doppler 
imaging is derived from more extensive use 
of the dynamic range of the Doppler signal 
than is possible with standard color Doppler 
imaging. More of the dynamic range can be 
used, because noise that would overwhelm 
the standard color Doppler image can be 
assigned a uniform background color (e.g., 
light blue) . Hence, anything that represents 
noise is blue (Fig. 3-15C), and anything that 
represents flow is another color (usually 
gold). Furthermore, power Doppler imaging 
is not affected by aliasing. Even the aliased 
(wrapped-around) portion of the signal (see 
Chapter 2) has power and can be displayed 
as flow. 

Power Doppler imaging has one addi
tional advantage that makes it especially 
valuable for use with ultrasound echo
enhancing agents (see Chapter 4). Power 
Doppler imaging is less subject to blooming 
than standard color Doppler imaging. 
Blooming is the spread of color outside of 
the blood vessel that occurs when the 
amplification of the Doppler signal is too 
great. Blooming is a particular problem 
when an echo-enhancing agent (ultrasound 
contrast agent) is used to improve the detec
tion of blood flow. Intravenous injection of 
the echo-enhancing agent greatly increases 
the Doppler signal intensity, causing over
amplification and severe blooming. With 
power Doppler imaging, blooming does not 
occur, owing to the way that the flow-no 
flow determination is made.42 Power 
Doppler imaging, therefore, may be the pre
ferred method for ultrasound imaging with 
echo enhancement. 

In spite of its potential advantages over 
color Doppler, power Doppler has two 
major limitations. First, the frame rate is 
agonizingly slow, which renders this 
imaging method useless for rapidly moving 
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FIGURE 3-1 5. Power Doppler illustrations. A, Renal vessels are 
seen with striking detail, including small vessels in the renal 
cortex (arrows) . Note the absence of flow direction informa
tion; all vessels are yellow even though flow in some vessels is 
toward the cortex (arteries) and in others is toward the renal 
hilum (veins). B, Quantitative spectral information can be 
obtained in the power Doppler mode. C, This power Doppler 
image of the cranial vasculature uses a blue background, which 
enhances flow detection because noise is converted to a 
uniform blue color. With color Doppler, noise would blur the 
margins of the vessels. 

vessels, rapidly moving patients (especially 
children), and areas subject to respiratory or 
cardiac motion. Second, power Doppler 
does not provide flow direction informa
tion! (Remember, the power of the Doppler 
signal is imaged, not the Doppler shift, per 
se.) Without measuring the Doppler shift, 
the flow direction cannot be determined. 

Advantages of Color 
Flow Imagil1g 

Leaving the technical details behind, let us 
consider color flow imaging from a clinical 
perspective: Where does color flow help, 
and where does it have problems? Stated 
differently, what are the capabilities and 
limitations of color flow ultrasound? 

Technical Efficiency 

Perhaps the greatest advantage of color flow 
imaging is technical efficiency. When 
moving blood is encountered; the vessel 
"lights up, "  even if the vessel is too small to 
be resolved on the gray-scale image. Because 
vessels stand out in vivid color, they may be 
located and followed much more easily 
than with gray-scale instruments. Further
more, basic judgments about blood flow can 
be made relatively easily with color flow 
imaging. The sonographer can quickly 
determine the presence of flow, the direc
tion of flow, and the existence of focal flow 
disturbances. These capabilities have 
expanded the applications of duplex sonog
raphy. For example, with color flow 
imaging, it is possible to quickly examine 
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long vascular segments, such as a vascular 
bypass graft, with relative ease. Further
more, color flow imaging facilitates exami
nation of vessels that are difficult to study 
with gray-scale imaging, such as the calf 
veins and the renal arteries. 

Assistance in Sorting out Abdominal 
Anatomy 

Another advantage of color flow imaging is 
Simplified differentiation between vascular 
and nonvascular structures, which is partic
ularly useful in the abdomen. From a 
radiologist's perspective, one of the most 
obvious applications is sorting out porta 
hepatis anatomy. The bile ducts, which do 
not exhibit flow, may be differentiated visu
ally from the porta hepatis vessels; more
over, the hepatic artery and portal vein may 
be differentiated visually by their flow 
characteristics. 

Flow Assessment in the Entire Lumen 

A major advantage of color flow imaging 
is the depiction of blood flow through
out entire vascular segments, rather than 
only within the Doppler sample volume. 
Because flow features are visible over a 
large area, localized flow abnormalities are 
readily apparent and are less likely to be 

overlooked than with gray-scale duplex 
methods. The sonographer is immediately 
made aware of the location of any flow 
abnormality, which speeds up the examina
tion and permits rapid assessment of long 
segments of vessels for obstmction and 
other pathology. 

Visual Measurement of Stenoses 

As compared with gray-scale ultrasound, 
color flow imaging makes it easier to define 
the residual lumen in stenotic vessels,43.44 

. permitting visual (non-Doppler) measure
ment of arterial stenoses (Fig. 3-16). Direct, 
visual stenosis measurement remains prob
lem prone, however, due to vessel tortuos
ity, color blooming, and acoustic shadows 
from calcified plaque. 

Differentiation of Severe Stenosis 
and Occlusion 

The ability of color flow imaging, and espe
cially power Doppler, to detect low velocity 
flow in a tiny residual lumen facilitates the 
differentiation between occlusion of an 
artery and near occlusion with a "trickle" of 
residual flow (Fig. 3-1 7). Personal experi
ence suggests that color flow imaging is of 
value in this regard, and studies of the 
carotid arteries have shown improved 

FIGURE 3-1 6. Enhanced visual stenosis measure
ment. The residual lumen (cursors A and B) is 
clearly visualized in this color flow image. poten
tially enhancing measurement accuracy. 
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FIGURE 3-1 7. Small residual lumen. The tiny residual 
lumen in this internal carotid artery (ICA) would not 
be visible without color flow imaging. CCA, common . 
carotid artery. 

results for detecting flow in near-occluded 
internal carotid arteries.45,46 

Limitations of Color 
Flow Imaging 

So much for the advantages of color flow 
imaging, most of which quickly become 
obvious with use. Now to the limitations, 
which can have adverse diagnostic conse
quences if they are not understood by the 
sonographer. Many of the limitations listed 
here also occur with three-dimensional 
color flow imaging, which is discussed later 
in this chapter. 

Flow Information Is Qualitative 

It is most important to recognize that color 
flow information is qualitative and not 
quantitative.36-41 There are three reasons for 
this. 

First, the color flow image is based on the 
average Doppler shi,tt within the vessel, rather 
than the peak Doppler shift. Recall that 
quantitative Doppler spectrum measure
ments are based on the peak Doppler shifts, 
not the average shift. The average Doppler 
shift is not helpful for actually putting a 
number on a stenosis; you need the peak 
values. Furthermore, the average Doppler 
shift is lowered by flow disturbances 
(turbulence) . 

The second reason that color flow infor
mation is qualitative is the lack of Doppler 

angle correction. We previously indicated the 
importance of Doppler angle correction for 
accurate spectral Doppler measurements. It 
is easy to understand, therefore, that lack of 
angle correction is a significant contribu
tion to the qualitative nature of the color 
flow image. Colors coded for high velocity 
may be seen in a vessel that is diving steeply 
away from the transducer when the veloci
ties in that vessel are not actually very 
high. 

Finally, color flow information shows only a 
few frequency levels. Color flow imaging is, in 
essence, a' visual form of Doppler spectrum 
analysis, but it is a very crude form in which 
only a few large frequency "steps" are 
visible. These few steps provide only a 
general sense of altered flow velocity. 

Because color flow images are qualitative, 
Doppler spectrum analysis must still be used 
to derive quantitative flow data (Fig. 3-18). 
However, quantitative flow data can be 
derived from the color flow display with 
some time-domain color flow imaging 
systems, but these instruments are not 
widely used.* 

Low Pulse Repetition Frequencies 
and Frame Rates 

A tremendous amount of data must be 
processed by the color flow instrument to 
generate each pixel (picture element) and 
each television frame. Processing these data 
takes time, which may significantly degrade 
both the gray-scale and color Doppler 
images. This problem results principally 
from reduction of the pulse repetition fre
quency [PRF] , the number of pulses sent out 
per second) and the frame rate (the number 
of times per second that the television 
image is renewed). B-flow imaging, dis
cussed later, is not subject to these image
resolution limitations. 

Image degradation during color flow 
operation occurs in the following forms: (1) 
loss of spatial resolution; (2) a greater ten
dency for Doppler aliasing, which can cause 
spurious representation of high-velocity 

*Philips Medical Systems, Ultrasound Division, Santa 
Ana, CA. 
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SECTION I Basics 

FIGURE 3-1 8. Color flow information is qualitative, not quantitative. A, It appears that the flow velocity is ele
vated at the origin of this arterial bypass graft (arrow, yellow color shift) because the color flow image is not angle 
corrected. B, Angle-corrected spectral Doppler measurement shows that the peak systolic velocity is not elevated 
(66.7 cm/sec). 

flow; (3) diminished temporal resolution, 
limiting the ability to visualize rapidly 
moving cardiac or vascular events (for 
example, cardiac valve motion may be less 
clearly seen with color flow scanning than 
with gray-scale scanning); and (4) visible 
image flicker when the frame rate falls 
below 15 frames/sec. (At that point, the 
human eye no longer "blurs" the ultra
sound images into a moving picture.)47 

Blood Flow Detection Is 
Angle Dependent 

Blood flow is not detected with color 
Doppler devices in vessels that are perpen
dicular to the ultrasound beam. (Color and 
spectral Doppler devices are similar in this 
respect.) A false-positive diagnosis of vascu
lar occlusion may occur if a vessel is approx
imately perpendicular to the ultrasound 
beam, as shown in Figure 3-19. This is a 
particularly severe problem with curved 
array transducers. (Try imaging vessels with 
a curved array, and you will see what I 
mean.) 

Flow Direction Is Arbitrary 

It is crucial to remember that the color of 
the vessel on the color flow image is not an 
absolute indication of flow direction. The 
color is assigned relative to the transducer 

FIGURE 3-1 9. Spurious absence of flow. It appears that 
flow is absent in the right hepatic vein (asterisk) 
because this vessel is perpendicular to the color 
Doppler line of sight. 
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CHAPTER 3 Basic Concepts of Spectrum Analys is and Blood Flow Imag ing 

FIGURE 3-20. Color flow direction is relative to the 
transducer. Two of the hepatic veins are blue and one 
is red, implying that the flow direction in the red vessel 
is opposite that in the blue vessels. Flow actually is 
toward the inferior vena cava (arrows) in all of the 
vessels, but flow in the red vessel is relatively toward the 
transducer (top of image), while flow in the other 
vessels is relatively away from the transducer. 

(Fig. 3-20; see Fig. 3-14). The operator may 
reverse the color scheme (e.g., arteries blue, 
veins red) simply by reversing the orienta
tion of the transducer or by pushing a 
button. To determine the true direction of 
flow, the operator . must closely observe the 
orientation of the vessel of interest relative 
to the transducer or refer to a vessel in 
which the flow direction is known (such as 
the aorta, if you are working in the 
abdomen). 

Color May Obscure 
Vascular Pathology 

If the instrument controls are improperly 
adjusted, the color flow information tends 
to "bloom" into the surrounding gray-scale 
image (Fig. 3-21) .  Important vascular 
pathology, including plaque and venous 
thrombus, may be obscured by blooming. 
The absence of blooming is a desirable 
feature of B-flow imaging, as mentioned 
later. 

Color Flash 

With color flow imaging, anything within 
the field of view that moves relative to 
the transducer is shown in color. In the 
abdomen, peristaltic motion, cardiac mo
tion, or transmitted pulsations from great 
vessels may generate blotches of color on 
the ultrasound image called color flash, 
which can obscure large portions of the field 
of view, including structures of interest. The 
color flash problem is particularly apparent 
in the upper abdomen because of heart 
motion. 

The Strange Case of the 
Visible Bruit 

The visible bruit is a peculiar, but useful, flow 
phenomenon (Fig. 3-22) that can be seen 
with color flow imaging.48 A montage of 

FIGURE 3-21 . Color obscures plaque. A, Color blooming obscures part of the plaque (arrow). B, The plaque is seen 
optimally with color flow turned off. 
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FIGURE 3-22. Visible bruit. Soft-tissue vibrations cause 
a montage of color adjacent to this stenotic internal 
carotid artery, 

color is seen within the soft tissues adjacent 
to the blood vessel as a result of vibration 
of the vessel wall and surrounding soft 
tissues. The wall vibration, in turn, is caused 
by a severe flow disturbance within the 
vessel. The visible bruit is associated partic
ularly with arteriovenous fistulae but is also 
encountered ,with arterial stenoses and 
pseudoaneurysms. 

A visible bruit suggests severe arterial 
stenosis, but caution is advised in interpret
ing this finding, because severe flow distur
bances may sometime occur in the absence 
of significant stenosis. The term visible bruit 
is a misnomer, because a bruit is a sound 
and is not visible. Nonetheless, we like this 
term because the tissue vibration seen with 
color flow imaging also causes the bruit to 
be heard with a stethoscope. 

Optimizing Color Flow 
Image Quality 

The color flow image is derived from rela
tively weak reflections from red blood cells. 
Because of the weakness of these echoes, the 
ability to demonstrate flow with ultrasound 
is particularly sensitive to instrument set
tings. The following technical tricks, sum
marized in Table 3-2, should be tried when 
it is difficult to obtain an adequate color 
flow image. The same procedures are 

applicable to three-dimensional color flow 
imaging. 
1. Velocity range: Consider whether the 

instrument is set for the proper velocity 
range. If the instrument is set to detect 
arterial velocities, it is not sensitive to 
venous velocities, or vice versa. Adjust 
the PRF or the velocity range to a level 
appropriate for the vessel of interest. 

2. Doppler angle: Remember that the 
Doppler angle profoundly affects the 
color flow image. The strength of 
the color flow image diminishes as the 
Doppler angle approaches 90 degrees; 
that is, the ultrasound beam is perpen
dicular to the blood vessel. So, when flow 
is absent in a vessel, ask, "Do I have an 
appropriate Doppler angle?" If not, move 
the color flow box or the transducer to 
improve the Doppler angle. 

3. Field of view: Consider the depth of field 
shown on the image. Use only as much 
depth as you need! Greater depth 
reqUires a longer round-trip time for the 
ultrasound pulses, decreasing the PRF 
and the number of pulses per square cen
timeter of tissue and increasing the 
signal-processing time. The net result is 
diminished ability to display flow (as 
well as gray-scale image degradation). 

4. Color box size: Consider the size of the 
color box. For the same reasons that were 
stated previously for field of view, pulse
echo information becomes increaSingly 
"diluted II as the color box is enlarged. It 
is best to use a small color box, especially 
when examining vessels deep within the 
body. 

Table 3-2. What to Check When You 
Cannot Detect Blood Flow 

Velocity range 
Doppler angle 
Field of view 
Color box size 
Power and gain 
Color priority 
Gray-scale priority 
Thump control 
Wall filter 
Is flow too slow? 
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S. Power and gain: Determine if the 

output power of the instrument, the time 
compensated gain, and the color gain 
are optimal. Insufficient power or gain 
can result in inadequate color flow 
information. 

6. Color priority: Consider whether the gray
scale versus color priority is adjusted cor
rectly. Most (if not all) color flow 
instruments permit the operator to deter
mine whether the gray-scale or color 
image is given more attention. If the 
gray-scale image is prioritized, then the 
color image suffers, and vice versa. If you 
are having trouble detecting flow, shift 
the image processing priority toward 
color. 

7. Thump control: See if the thump control 
is eliminating too much color flow infor
mation. Thump control refers to electronic 
filtering that removes color artifacts gen
erated by the heart or vascular pulsa
tions. Thump control is not needed in 
smaller peripheral vessels and should be 
set as low as is practical. 

8. Wall filter: Check the wall filter setting. 
If the wall filter is set too high, low
frequency signals generated by low velo
city flow are eliminated. The wall filter is 
designed to eliminate low frequency 
noise, but if it is set too high, it also elim
inates flow information. This is not a 
problem with high-velocity flow, but it 

FIGURE 3-23. Three-dimensional 
ultrasound image. The large 
image at the top is shaded to 
display the three dimensionality 
inherent in this carotid bifurca
tion image. The three boxes at 
the bottom show different two
dimensional perspectives, based 
on the stored three-dimensional 
data. Orientation is provided 
by the navigator (arrow). The 
colored borders around the two
dimensional images correspond 
to the planes of section seen in the 
navigator. 

may be a major problem for detection 
of venous flow or for evaluating small 
intrarenal arteries. 

9. Very slow flow: Finally, remember that 
flow might be present that simply is too 
slow for color flow visualization. Power 
Doppler or spectral Doppler may be more 
sensitive to the presence of slow flow 
than standard color Doppler imaging, 
and it may be useful to switch to these 
modalities when a vessel appears 
occluded. 

THREE-DIMENSIONAL VASCULAR 
IMAGING 

Advances in computer technology and 
transducer design have made three
dimensional (3D) ultrasound imaging a 
reality49-S3 (Fig. 3-23) . Although the recon
struction algorithms utilized with current 
3D ultrasound units are not as sophisticated 
as those used for computed tomography 
or magnetic resonance imaging, they are 
adequate for clinical use, and the utiliza
tion of 3D ultrasound continues to grow. 
Most studies have concentrated on obstet
ric, cardiac, and gynecologic applications. 
There are few clinical studies that have 
evaluated vascular applications of 3D ultra
sound. Areas of current investigation 
include the carotid bifurcation and carotid 
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stenosis, intracranial vascular disease, 
remodeling in bypass grafts, and abdominal 
aortic aneurysms. 

Three-dimensional presentation of ultra
sound data can be performed with com
mercially available ultrasound systems. 
Off-line graphics workstations can also be 
utilized to generate, view, and store 3D data 
sets. These data sets may be obtained by 
combining stacks of two-dimensional slices 
to generate a volume of tissue. More 
recently, 3D ultrasound information can be 
obtained directly, through the acquisition 
of a volume of data generated by sweeping, 
tilting, or rotating the transducer across the 
area of interest. 

There are several options for review of 3D 
data. The images can be displayed as a set 
of sequential images that can be reviewed 
manually, with the use of a trackball or key
board. Multiple planes, including axial, 
sagittal, and coronal images, can be dis
played simultaneously for comparison. In 
addition, the information may be viewed as 
a volume-rendered data set, emphasizing 
different tissue or blood flow characteristics. 
Interactive review of the data allows the 
examiner to rotate the volume in any plane 
or section, scroll through individual slices, 
and subtract superficial or unwanted infor
mation. Real-time 3D examination (also 
known as four-dimensional imaging) is cur
rently available on clinical ultrasound units. 
Future software modifications will allow 
virtual fly-through examination of blood 
vessels in real time. 

The advantages of 3D ultrasound include 
the ability to obtain anatomic views not 
possible with two-dimensional imaging. 
The examiner can reformat the volume of 
image data in different imaging planes to 
extract information obscured by overlying 
tissue or artifacts. In addition, a surface (or 
transparent) display of the data can be 
obtained. Off-line review of patient data sets 
is also available. Recalculation of velocity 
measurements and assessment of different 
imaging planes for arterial stenosis, after the 
patient has left the ultrasound area, will be 
possible in the near future. 

There are several limitations that have 
slowed widespread acceptance of 3D ultra
sound. Reformatting and analysiS of the 3D 

data is time consuming. Artifacts related to 
motion, scatter, attenuation, and color flash 
seriously degrade the quality of the 3D 
information. Current workstations that 
allow the analysis of 3D ultrasound data are 
expensive and do not readily interface with 
current picture archiving systems. Finally, it 
is also difficult to store and retrieve 3D ultra
sound information with current picture 
archiving system technology. 

B-MODE FLOW IMAGING 

B-mode flow imaging54-56 (B-flow for short) 
is one of the newest methods for flow 
imaging available on medical ultrasound 
instruments. As the name implies, B-flow 
shows blood flow with the gray-scale, or B
mode, image and is not a Doppler method. 
Both the flowing blood and the surround
ing stationary structures are shown in 
shades of gray (Fig. 3-24). For B-flow 

A 

B 
FIGURE 3-24. B-flow ultrasound. A, This long axis B
flow image accurately shows the size of the stenotic 
internal carotid artery lumen (arrows). B, The lumen 
size is greatly exaggerated by color flow imaging due to 
blooming and other artifacts. 
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imaging, digitally encoded wide· band 
pulses are transmitted and reflected from 
the moving blood cells. The returning 
echoes are decoded and filtered to increase 
sensitivity for the detection of moving scat
terers and distinguish blood from tissue. 
Since this is not a Doppler technique, no 
velocity or frequency information is pro
vided, and spectrum analysis does not 
apply. This is a purely visual, nonquantita
tive method of showing blood flow. 

Probably the most useful aspect of B-flow 
is the precise definition of the boundary 
between flowing blood and the vessel walL 
Because this is not a Doppler imaging 
method, the problems of blooming and 
overamplification of the flow signals, cited 
previously, do not apply. In addition, the B
flow technique does not degrade the spatial 
or temporal resolution of the B-mode 
image, as is the case with color flow 
imaging. Thus, the tendency of color 
Doppler to obscure the vessel wall and 
plaque is eliminated. In superficial arteries, 
such as the carotid arteries, the presence, 
extent, and severity of plaque in arteries is 
shown more clearly with B-flow than with 
color Doppler or even standard B-mode 
sonography. Potentially, B-flow may clarify 
the depiction of irregular plaque surfaces 
resulting from plaque ulceration, which 
would contribute significantly to its value 
for carotid artery imaging. In the venous 
system, small deep vein thrombi are well 
demonstrated with B-flow as filling defects 
that can be distinguished from flowing 
blood. Venous insufficiency and incompe
tent valves are also easily seen with this 
technique. Finally, B-flow is useful for 
demonstrating complex flow states, as seen 
with bypass grafts, arteriovenous fistulae, 
pseudoaneurysms, and dialysis grafts, where 
color Doppler artifacts may obscure flow 
information. 

Because B-flow relies on the amplification 
of very weak echoes from red blood cells, it 
is limited by ultrasound attenuation, which 
restricts the depiction of deep vessels, espe
cially those in which blood is moving 
rapidly. B-flow, therefore, is principally 
applicable for superficial vascular imaging. 
In the abdomen, it has been used to show 
blood flow in the portal and hepatic veins, 

but is less reliable for visualization of arte
rial flow. 

References 

1. Wells PNT, Skedmore R: Doppler developments 
in the last quinquennium. Ultrasound Med Bioi 
1 1 :613-623, 1986. 

2. Taylor K]W, Holland S: Doppler ultrasound: Part 
I. Basic principles, instrumentation, and pit
falls. Radiology 1 74:297-307, 1990. 

3.  Hutchison KJ, Oberle K, Scott JA, et al: A com
parison of Doppler ultrasonic waveforms 
processed by zero crossing and spectrographiC 
techniques in the diagnosis of peripheral arte
rial disease. Angiology 32:277-289, 1981.  

4.  Reneman RS, Spencer MP: Local Doppler audio 
spectra in normal and stenosed carotid arteries 
in man. Ultrasound Med BioI 5 : 1-11 ,  1 979. 

5. Johnston KW, deMorais D, Kassam M, et al: 
Cerebrovascular assessment using a Doppler 
carotid scanner and real-time frequency analy
sis. J Clin Ultrasound 9:443-449, 1 98 1 .  

6.  Brown PM, Johnston W, Kassam M, et al: A crit
ical study of ultrasound Doppler spectral analy
sis for detecting carotid disease. Ultrasound 
Med BioI 8 :515-523, 1982. 

7 .  Zwiebel WJ: Color duplex imaging and Doppler 
spectrum analysiS: Principles, capabilities, and 
limitations. Semin Ultrasound CT MR 1 1 :  
84-96, 1990. 

8.  Zwiebel WJ, Knighton R: Duplex examination 
of the carotid arteries. Semin Ultrasound CT MR 
1 1 :97-135, 1990. 

9.  Bluth EI, Wetzner SM, Stavros AT, et al: Carotid 
duplex sonography: A multicenter recommen
dation for standardized imaging and Doppler 
criteria. Radiographics 8:487-506, 1 988. 

10. Feigenbaum H:  Doppler color flow imaging. 
Heart Dis Update 2:25-50, 1988. 

1 1 .  Zierler RE, Phillips DJ, Beach KW, et al: Nonin
vasive assessment of normal carotid bifurcation 
hemodynamiCS with color flow ultrasound 
imaging. Ultrasound Med Bioi 13:471-476, 
1987. 

12 .  Middleton WD, Foley WD, Lawson TL: Flow 
reversal in the normal carotid bifurcation: 
Color Doppler flow imaging analysis. Radiology 
167:207-210, 1 988. 

13. Spencer MP: Frequency spectrum analysis in 
Doppler diagnosis. In Zwiebel WJ (ed): Intro
duction to Vascular Ultrasonography, 2nd ed. 
Philadelphia, WB Saunders, 1986, pp 53-80. 

14.  Smith H, Kampine ]P: The peripheral circula
tion and its regulation. In Smith JJ, Kampine JP 
(eds) : Circulatory Physiology: The Essentials. 
Baltimore, Williams & Wilkins, 1980. 

1 5 .  Baker D: Application of pulsed Doppler tech
niques. Radiol Clin North Am 18:79-103, 1980. 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


SECTION I Basics 
r� 1 88 11 
l____ L ______________________________________________________________ � __________________ � 

16. Douville Y, Johnston KW, Kassam M: Deter
mination of the hemodynamic factors which 
influence the carotid Doppler spectral broad
ening. Ultrasound Med Bioi 1 1 :4 1 7-423, 
1985. 

1 7. Campbell JD, Hutchison KJ, Karpinski E: Varia
tion of Doppler ultrasound spectral width in 
the post-stenotic velocity field. Ultrasound Med 
Bioi 15 :61 1-619, 1989. 

18. Merode TV, Hick P, Hoeks APG, et al: limita
tions of Doppler spectral broadening in the 
early detection of carotid artery disease due to 
the size of the sample volume. Ultrasound Med 
Bioi 9:581-586, 1 983. 

19.  Knox RA, Phillips DJ, Breslau PJ, et al: Empiri
cal findings relating sample volume size to 
diagnostic accuracy in pulsed Doppler cere
brovascular studies. J Clin Ultrasound 10: 
227-232, 1982. 

20. Ku DN, Giddens DP, Phillips DJ, et al: Hemo
dynamics of the normal human carotid bifur
cation: In vitro and in vivo studies. Ultrasound 
Med Bioi 1 1 : 13-26, 1985. 

21. Phillips DJ, Greene FM, Langlois Y, et al: Flow 
velocity patterns in the carotid bifurcations of 
young, presumed normal subjects. Ultrasound 
Med BioI 9:39-49, 1983. 

22. Nimura Y, Matsuo H, Hayashi T, et al: Studies 
on arterial flow patterns: Instantaneous veloc
ity spectrums and their phasic changes with 
directional ultrasonic Doppler technique. Br 
Heart J 36:899-907, 1974. 

23 . Rutherford RB, Kreutzer EW: Doppler ultra
sound techniques in the assessment of extracra
nial arterial occlusive disease. In Nicolaides AN, 
Yao JST (eds): Investigation of Vascular Disor
ders. London, Churchill Livingstone, 1981.  

24.  Rutherford RB, Hiatt WR, Kreutzer EW: The use 
of velocity wave form analysis in the diagnOSis 
of carotid artery occlusive disease. Surgery 
82:695-702, 1977.  

25.  Nicolaides AN, Angelides NS: Waveform index 
and resistance factor using directional Doppler 
ultrasound and a zero crossing detector. In 
Nicolaides AN, Yao JST (eds): Investigation of 
Vascular Disorders. London, Churchill living
stone, 1981.  

26.  Gosling RG: Doppler ultrasound assessment 
of occlusive arterial disease. Practitioner 220: 
599-609, 1978. 

27. Kotval PS: Doppler waveform parvus and 
tardus. J Ultrasound Med 8:435-440, 1989. 

28. Pourcelot L: Applications cliniques de l'examen 
Doppler transcutane. In Peronneau P (ed): 
Velocimetrie Ultrasonore Doppler, vol 34. Paris, 
INSERM 1974, pp 780-785. 

29. Stuart B, Drumm J, Fitzgerald DE, Duignan NM: 
Foetal blood velocity waveforms in normal 
pregnancy. Br J Obstet Gynaecol 87:780-785, 
1980. 

30. Avasthi PS, Greene ER, Voyles WF, et al: A com
parison of echo-Doppler and electromagnetic 
renal blood flow measurements. J Ultrasound 
Med 3:213-218, 1984. 

3 1 .  Gill RW: Measurement of blood flow by ultra
sound: Accuracy and sources of error. Ultra
sound Med BioI 1 1 :625-641, 1985. 

32. Burns PN, Jaffe CC: Quantitative flow measure
ments with Doppler ultrasound: Techniques, 
accuracy, and limitations. Radial Clin North 
Am 23:641-657, 1985. 

33. Fei DY, Billian C, Rittgers SE: Flow dynamiCS in 
a stenosed carotid bifurcation model. Part I :  
Basic velocity measurements. Ultrasound Med 
BioI 14:21-31 ,  1988. 

34. Chang BB, Leather RP, Kaufmann JL, et al: 
Hemodynamic characteristics of failing infrain
guinal in situ vein bypass. J Vasc Surg 12: 
596-600, 1990. 

35. Spencer MP: Full capability Doppler diagnosis. 
In Spencer MP, Reed JM (eds): Cerebrovascular 
Evaluation with Doppler Ultrasound. The 
Hague, Netherlands, Martinus Nijhoff, 1981,  
p 213.  

36. Switzer DF, Nanda NC: Doppler color flow 
mapping. Ultrasound Med BioI 1 1 :403-416, 
1985 . 

37 .  Merritt CRB: Doppler blood flow imaging: Inte
grating flow with tissue data. Diagn Imaging 
1 1 : 146-155, 1986. 

38. Powis RL: Color flow imaging: Understanding 
its science and technology. J Diagn Med Sono
graph 4:236-245, 1988. 

39. Carroll BA: Carotid sonography: Pitfalls and 
color flow. Appl Radiol 10: 1 5-21, 1988. 

40. Nelson TR, Pretorius DH: The Doppler 
Signal : Where does it come from and what 
does it mean? Am J Roentgenol 1 5 1 :439-447, 
1988. 

4 1 .  Gardiner W, Fox MD: Color flow ultrasound 
imaging through the analysis of speckle 
motion. Radiology 1 72:866-868, 1989. 

42. Murphy K], Rubin ]M: Power Doppler: It's 
a good thing. Semin Ultrasound 18 :13-21, 
1997. 

43. Erickson S], Mewissen MW, Foley WD, et al: 
Stenosis of the internal carotid artery: Assess
ment using color Doppler imaging compared 
with angiography. Am ] Roentgenol 152: 
1299-1305, 1989. 

44. Polak ]F, Dobkin GR, O'Leary DH, et al: Inter
nal carotid artery stenosis: Accuracy and repro
ducibility of color-Doppler assisted duplex 
imaging. Radiology 1 73 :793-798, 1989. 

45 . Chang Y], Lin SK, Ryu S], Wai YY: Common 
carotid artery occlusion: Evaluation with 
duplex sonography. Am ] Neuroradiol 16 :  
1099-1 105, 1995. 

46. Lee DH, Gao FQ, Rankin RN, et al: Duplex and 
color Doppler flow sonography of occlusion 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


,-__ 
C
_

H
_
APTE
_

R
_

3 
__ 

B
_

a
_
sl
_
C
_

C
_

o
_

"
_

c
_
e
_
pts

_
o

_
f
_

s
_

p
_

e
_

ct
_

r
_

u
_

m
_

A
_
"
_
a
_
ly
_
s
_
ls

_
a
_

"
_

d
_

B
_

I
_
o
_
o
_
d

_
F
_

lo
_

w
_

l
_
m

_
a
_
9
_

i "
_

9 
___ 

---J [8� 
and near occlusion of the carotid artery. Am ] 
Neuroradiol 1 7: 1267-1274, 1996. 

47.  Powis RL, Pow is WD: A Thinker's Guide to 
Ultrasonic Imaging. Baltimore, Urban & 
Schwarz enberg, 1984, pp 345-364. 

48. Middleton WD, Erickson S, Melson GL: Perivas
cular color artifact: Pathologic Significance and 
appearance on color Doppler ultrasound 
images. Radiology 1 7 1 :647-652, 1989. 

49. Delcker A, Schurks M, Polz H: Development and 
applications of 4-D ultrasound (dynamic 3-D) 
in neurosonology. ] Neuroimaging 9:229-234, 
1999. 

50. Delcker A, Diener HC: Quantification of ather
osclerotic plaques in carotid arteries by 3-D 
ultrasound. Br ] Radiol 67:672-678, 1994. 

5 1 .  Leotta DF, Primozich ]F, Beach KW, et al: 
Remodeling in peripheral vein graft revisions: 
Serial study with three-dimensional ultrasound 
imaging. ] Vasc Surg 37:798-807, 2003. 

52. Nelson TR, Pretorius DH, Lev-Toaff A, et a1: 
FeaSibility of performing a virtual patient 
examination using three-dimensional ultra
sonographic data acquired at remote locations. 
] Ultrasound Med 20:941-952, 2001 .  

5 3 .  Pretorius DH, Borok NN, Coffler MS, et al: 
Three-dimensional ultrasound in obstetrics and 
gynecology. Radiol Clin North Am 39:499-521, 
200 1 .  

5 4 .  Umemura A ,  Yamada K :  B-mode flow imaging 
of the carotid artery. Stroke 32:2055-2057, 
2001 .  

5 5 .  Furuse ], Maru Y, Mera K, et al: Visualization of 
blood flow in hepatic vessels and hepatocellu
lar carcinoma using B-flow sonography. ] Clin 
Ultrasound 29: 1-6, 2001 .  

56. Pellerito ]S: Current approach to peripheral 
arterial sonography. Radiol Clin North Am 
3:553-567, 2001 .  

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


Chapter 
4 

Contrast Agents in 
Arterial Sonography 

INITIAL CONSIDERATIONS 

The ability of ultrasound to generate spec
tral Doppler and color Doppler informa
tion is quite impressive. Nevertheless, using 
conventional ultrasound instruments, there 
are situations in which the reflected signals 
from vessels are weak and the accuracy of 
ultrasound becomes compromised. This is 
particularly true in deep-lying vessels, due 
to attenuation of the Doppler signal. In 
high-grade stenoses, the reduction in 
volume flow decreases the number of red 
blood cells that serve as reflectors, leading 
to a reduction of the Doppler signal. This 
problem can interfere with differentiation 
of occlusion and near-occlusion, which can 
be a critical issue in determining the most 
appropriate therapy for the patient. 

Ultrasound contrast agents (UCAs) have 
been developed to increase the returning 
ultrasound echo signal. 1 Because most 
agents remain in the blood pool, they 
increase vascular signals. Although contrast 
agents are under development by several 
pharmaceutical firms, they share several 
general properties. They all consist of gas
filled microbubbles, which powerfully reflect 
sound, compared with soft tissue and blood. 
The microbubbles are small and nearly 
uniform, which allows the agent to cross 
capillaries. Therefore, an intravenous injec
tion can pass through the lungs to enhance 
the arterial system. Most agents are also 
robust, so that the microbubbles persist in 
the circulation for minutes. Approved agents 
have undergone evaluation of their safety. 

In the United States, some UCAs have 
been approved by the Food and Drug 

Administration for echocardiography. No 
agents have been approved for vascular 
ultrasound indications. Presently, UCA use 
in the United States requires understanding 
of the exclusion criteria for the agent (such 
as hypersensitivity to its components or a 
right-to-Ieft shunt) and informed patient 
consent, either because the agent is part of 
a research study or it is used for a non
approved application. Some UCAs have 
been approved for use in countries other 
than the United States for a variety of indi
cations, including vascular applications. 

Outside of echocardiography, most of the 
clinical and research use of UCAs has been 
to investigate the microcirculation, particu
larly tumor vascularity (Fig. 4-1) .  There has 
been some research in the cerebrovascular, 
peripheral arterial, and abdominal arterial 
and venou's systems, but there has been no 
dominant theme in the investigation of 
vascular UCAs. Aside from assessment of the 
characteristics and efficacy of different con
trast agents under development, the spec
tral Doppler, color Doppler, and gray-sc;ale 
applications (Fig. 4-2) are all being studied. 
Different doses of the same agent and the 
use of different intravenous administration 
schemes (bolus versus infusion) also have 
been reported. 

There is no consensus on how peripheral 
vascular UCA should be used. Some investi
gators envision UCA as a problem-solver to 
be used following an unenhanced scan that 
is less than satisfactory. Others have intro
duced protocols under which the entire 
scan is performed with contrast enhance
ment. In this setting, the agent is expected 
to give more reliable information, speed up 
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A B 
FIGURE 4-1 . Normal renal artery. A, There is no detectable color Doppler signal in the renal artery. B, Following 
the administration of contrast, the aorta (Ao) and the entire length of the renal artery (arrow) can be identified 
into the renal hilum. 

the examination, or both, and eliminate the 
need for an unenhanced scan. 

Whereas earlier UCA research had been 
restricted to color, power, or spectral 
Doppler, newer agents demonstrate gray
scale enhancement, expanding potential 
applications. The gray-scale potential of 
UCAs has been further advanced by ultra
sound instrument improvements, notably 
harmonic techniques.2-5 In traditional 
ultrasound systems, ultrasound at a given 
frequency (the fundamental frequency) 
is sent into the patient, and echoes are 
received at the same frequency, altered only 
by, the Doppler shift. Harmonic ultrasound 
utilizes an important property of micro
bubbles: They are powerful reflectors of 
the fundamental frequency, but they also 
generate strong signals at frequencies that 
are regular increments from the funda
mental (Le., the harmonic frequencies). 
Harmonic ultrasound filters out the funda
mental frequency to collect information at 
a harmonic frequency, which is typically 
double the fundamental frequency. Because 
tissue gives off weak signals at harmonic fre
quencies, the harmonic technique sup
presses tissue, making the UCA signals stand 
out. 

Wideband harmonic imaging (also called 
pulse inversion technique)3-6 capitalizes on 
another characteristic of a bubble, its non
linear response to the sound wave. A bubble 
expands more in low pressure than it is 
compressed in high pressure. This is a non
linear response. Typically, two inverted 
pulses of ultrasound are transmitted, 
causing the tissue signal to cancel itself 
out, while the microbubble signal persists. 
This technique improves the conspicuity 
of the UCA signal relative to the tissue 
background, allowing for better spatial 
resolution and better contrast-to-tissue 
differences while using lower power and 
causing less destruction of the agent 
microbubbles. 

Each microbubble agent has a unique 
formulation. The type of gas used in the 
microbubbles is varied to improve longevity 
of the bubbles. 7  Most agents use air, SF6, or 
fluorocarbons. The microbubbles used in 
different agents are stabilized by various 
means, including phospholipids, surfac
tants, and other compounds.7 The compo
sition of the agent affects its effectiveness, 
including its safety, length, and strength of 
enhancement, as well as its harmonic 
response. 
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CHAPTER 4 Contrast Agents in Arterial Sonography 

FIGURE 4-2. Harmonic gray
scale enhancement of the 
human carotid artery intima
media thickness measurements. 
A, Baseline unenhanced scan 
demonstrates slight thickening 
of the vessel. The near wall 
(arrows) is thicker than the far 
wall, which may be a real 
finding or an artifact due to 
reverberation. B, Following the 
administration of contrast, the 
blood is echogenic, compared 
with the now less echogenic 
wall, and the contrast-vessel 
interface is more conspicuous. 
Some of the thickening is real 
(arrows) and the slightly greater 
thickening in the distal vessel is 
easily seen, compared with the 
thinner proximal artery. (Case 
courtesy of Steven Feinstein, 
MD, Chicago, IL.) 

ARTIFACTS 

B 

An excessive amount of contrast enhance
ment can cause the color signal to "bloom, II 

or spread beyond the borders of the vessel 
(Fig. 4_3).8,9 This artifact is easily recognized 
and can be eliminated by allowing the con
trast to dissipate or by reducing the gain of 
the color Doppler signal. The blooming arti-

fact does not occur with gray-scale imaging, 
but desilhouetting of the gray-scale image 
may occur if the echogenicity of the con
trast-enhanced blood equals that of the 
vessel wall, lessening the conspicuity of the 
vessel itself. 

Spectral Doppler artifacts also exist.8,9 
Bubble destruction may cause spikes in 
the spectral Doppler waveforms, and 
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B 

contrast-enhanced spectral waveforms 
may demonstrate spectral broadening (Fig. 
4-4) . In some studies in animals, human 
breast tumors, and intracerebral vessels, 
enhancement of the spectral Doppler signal 
has increased the velocity detected with 
spectral Doppler. 8-1 1 This effect has been 
somewhat controversial, as it has not been 
observed by all investigators. 12 Basseau and 

FIGURE 4-3. Color blooming in 
renal artery stenosis. A, In this 
patient with renal artery steno
sis, the color extends over the 
artery obscuring the residual 
lumen. B, Scan-taking several 
minutes later demonstrates the 
blooming to resolve as the 
amount of contrast diminishes. 
The stenosis can now be opti
mally imaged as an area of color 
narrowing with mosaic color 
(representing aliasing). Spectral 
Doppler reveals a high-velocity 
stenotic jet with peak systolic 
velocity of 245 em/sec. At base
line (not shown), the renal 
artery was not seen with color. 
(Case courtesy of Boris BrkljaCic, 
MD, Zagreb, Croatia.) 

associates13 studied this artifact in rabbits 
and showed that it most likely is due to 
alteration of the power of the Doppler 
signal and the gain of the system. Artifac
tual elevation of Doppler velocity does 
not affect pulsatility indices or velocity 
ratios . l l, 12, 14 Larger trials are needed to deter
mine if velocity elevation is a clinical 
problem. 
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CHAPTER 4 Contrast Agents in Arterial Sonography 

FIGURE 4-4. Spectral broaden
ing and velocity increase after 
contrast administration. A, Un
enhanced scan of a canine re
nal artery. Peak systolic veloc
ity (PSV) is 39 em/sec. B, Fol
lowing contrast administration, 
spectral broadening is evident. 
The peak systolic velocity has 
increased to 49 em/sec, an in
crease of 25%. 

PERIPHERAL ARTERY 
APPLICATIONS 

B 

The majority of published peripheral 
arterial ues studies have used Levovist 

(Schering AG, Germany), a so-called "first
generation" ues primarily composed of 
galactose particles and air microbubbles. In 
most of the reported studies, this agent was 
used after a suboptimal initial ultrasound 
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scan. The studies generally showed that dif
ficult examinations can be improved by the 
introduction of contrast. The studies used 
both color and spectral Doppler. 

In one of the Levovist studies, improved 
visualization of runoff vessels was seen 
in four of nine patients with peripheral arte
rial disease (two with occlusion and two 
with stenosis) .15 In another study of five 
arteries, the absence of detectable flow 
at · baseline was proven to be a technical 
problem, as normal flow was identified after 
contrast enhancement. Collaterals were 
identified after contrast administration in 
patients with occlusion (Fig. 4-5). In this 
study, spectral Doppler was entirely ade-

A 

B 

quate in only 19% of baseline examina
tions. Contrast enhancement significantly 
improved spectral Doppler signal adequacy, 
to 71%. 

In a Phase III trial of Levovist, Schwarz 
and colleagues16 reported on another group 
of patients studied after an inadequate base
line Doppler examination. One or two doses 
of 200-mg/mL Levovist were administered. 
The diagnostic confidence of the spectral 
Doppler examination improved from 35% 
unenhanced to 91  % after contrast adminis
tration. In this multicenter study, there was 
no diagnostic standard, and the diagnostic 
accuracy of the contrast-enhanced exami
nation was not assessed. 

FIGURE 4-5. Peripheral artery 
occlusion. A, Baseline view of 
the femoral artery (an-ows) 
shows abrupt termination of 
the vessel. B, Following admin
istration of contrast, the occlu
sion is confirmed. Collateral 
flow reconstituting the vessel 
(an-ow) is seen distal to the 
occluded vessel. m
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CHAPTER 4 Contrast Agents in Arterial Sonography 

Langholz and associates17 compared dif
ferent concentrations of Levovist and found 
that a lower concentration (200 mg/mL) 
was adequate in the majority of patients, 
but 300 mg/mL was required in others. The 
concentration could be chosen based on the 
initial appearance of the vessel: In those 
with partial visualization, lower concentra
tion could be attempted. An even higher 
concentration of 400 mg/mL was effective 
for patients in whom the lower concentra
tion was not helpful. The iliac or thigh 
arteries were studied in 12 patients. The 
investigators remarked on improvement 
of visualization of blood flow in the iliac 
arteries, despite the presence of overlying 
bowel gas. 

The study by Langholz and associates I? 

also reported that contrast enhancement 
times increased with concentration. The 
mean arterial enhancement times in the 
upper extremity were 2.3, 5 .2, and 6 .1  
minutes for concentrations of  200, 300, and 
400 mg/mL, respectively. (Statistical signifi
cance was not reported.) In a different 
study, there was an increase in enhance
ment duration from 5.8 to 7.0 minutes 
when the dose was increased from 200 to 
300 mg/mL, but this difference was not sta
tistically significant. IS 

Albrecht and associates18 reported on the 
effect of Levovist infusion on the enhance
ment of the femoral artery in six normal 
volunteers. The signal enhancement in
creased significantly as the infusion rate was 
increased from slow to standard to fast. The 
duration of enhancement was significantly 
longer lasting with a slow rate compared 
with faster rates. All infusions produced sig
nificantly longer enhancement than bolus 
administration. This study suggests a 
method to enhance the entire limb vascu
lature, although it has not been determined 
if SCA infusion would generate adequate 
enhancement for an entire arterial mapping 
examination (from the iliac artery to the 
runoff vessels). 

A definitive protocol for Levovist admin
istration has not been established. To eval
uate a particular arterial segment, a 10-mL 
bolus at a concentration of 300 mg/mL is 
usually adequate for color and spectral 
Doppler. If there is partial visualization of 

the artery at baseline, a lower dose and con
centration (16 mL of 200 mg/mL) can be 
tried. Correas and others19 described a 1 . 5-
mL bolus of 300 mg/mL, followed by an · 
infusion of 1 .0 mL/min. If there is color 
blooming, the infusion rate is reduced. If 
the enhancement is inadequate, the con
centration can be increased to 400 mg/mL. 

Spinazzi and Llull20 reported on the 
use of SonoVue (Bracco, Italy), a second
generation agent, in various parts of the 
circulatory system. The anatomic areas 
studies were the peripheral arteries (58 
patients), the extracranial carotid arteries 
(59 patients), the abdominal or renal ar
teries (55 patients), and the intracranial ar
teries (78 patients). The examinations of 
all patients were compared with reference 
ultrasound visualization standards. All sub
jects had baseline scans that were not fully 
diagnostic. The patients then underwent 
color or power Doppler examination, fol
lowed by spectral Doppler, utilizing one of 
four doses of Sonovue. For extracranial 
carotid and peripheral arteries, the percent 
agreement with the standard was signifi
cantly improved above baseline for the 
majority of readers. The best results were at 
the highest dose (2.4-mL bolus), where the 
agreement improved from 31 % to 69%. 

CEREBROVASCULAR 
APPLICATIONS 

Several investigators have used contrast 
enhancement for the evaluation of the 
internal carotid artery. Most have evaluated 
the vexing problem of distinguishing 
carotid occlusion from pseudo-occlusion 
(near occlusion) (Fig. 4_6).21-23 

Furst and associates23 evaluated 20 
patients with angiographically proven inter
nal carotid artery pseudo-occlusion and 
compared the findings with those in a con
trolled group of 13 patients with occlusion. 
Sensitivity and specificity were 70% and 
92%, respectively, for unenhanced color 
Doppler and 83% and 92%, respectively, 
for Levovist-enhanced color Doppler. The 
results for enhanced power Doppler were 
94% and 100%, respectively. This did not 
represent a significant increase in accuracy, 
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A B 
FIGURE 4-6. Carotid pseudo-occlusion. A, In a patient following endarterectomy, the internal carotid artery (ICA) 
ends abruptly. There is also shadowing (aITow) at the common carotid-internal carotid junction causing a break 
in the color column. B, Following contrast enhancement, color Doppler shows that the internal carotid is patent 
and there is a continuous color column from the common carotid throughout the internal carotid. 

as unenhanced power Doppler was also 
quite accurate, being 95% sensitive and 92% 
specific. 

Ferrer and associates22 studied 88 patients 
with Doppler-diagnosed carotid occlusion 
who also underwent contrast-enhanced 
ultrasound. Levovist was injected at a con
centration of 300 mg/mL in 79 patients, 
and in 9 patients, a second injection of 
400 mg/mL was given because the first dose 
was inadequate. Three patients were ex
cluded from the study. Of the 85 remaining 
patients, 7 were found to have a patent 
carotid artery by contrast-enhanced ultra
sound, and all were subsequently confirmed 
to be patent angiographically. 

Droste and associates21 report that con
trast enhancement can help clarify ultra
sound assessment of the technically chal
lenging vertebral artery. They report an 
improvement in differentiating vertebral 
occlusion from hypoplasia. 

More recently, Kono and coinvestigators24 
used wide-band harmonic gray-scale to 
image carotid stenosis. In 20 patients, 
Optison (a suspension of a fluorocarbon in 
an albumin solution) (Amersham Health, 
Princeton, NJ) was injected in multiple 
boluses of 0.5 to 1 .0 mL (up to the 
maximum allowable dose of 8.7 mL) . Gray-

scale images were obtained in long and 
short axis, and the degree of stenosis was 
measured using the technique described in 
the North American Symptomatic Carotid 
Endarterectomy Trial. In the 10 patients 
who underwent angiography, the correla
tion coefficient between contrast ultra
sound angiography and conventional ar
teriography was 0.988 (P < 0.001).  In two 
patients, calcifications obscured the lumen. 

Currently, more research attention is 
being paid to the arterial wall itself, rather 
than the degree of lumenal narrowing, both 
to characterize atherosclerotic plaque and to 
study preclinical disease using intima-media 
thickness measurements and endothelial 
dysfunction. Contrast-enhanced ultrasound 
is being investigated for intima-media thick
ness measurement to better define the near 
wall of the carotid artery and to define the 
blood vessel interface with greater preci
sion25 (see Fig. 4-2) . Endothelial injury and 
atherosclerotic lesions are being studied 
in experimental models.26,27 The study by 
Kono and associates28 also evaluated plaque 
appearance in human subjects. Plaque 
irregularities and a case of dissection not 
recognized by unenhanced gray-scale im
aging were seen in several of their pa
tients. 
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RENAL ARTERY APPLICATIONS 

The use of ultrasound for detection of renal 
artery stenosis is a challenging but impor
tant duplex application. The renal arteries 
are deep seated within the abdomen, and 
in many individuals they also are tortuous, 
making ultrasound evaluation along the 
course of the vessel difficult. Accuracy in 
evaluating the main renal artery is directly 
related to the length of the vessel that can 
be insonated. 

Missouris and coauthors29 have investi
gated intrarenal waveforms following con
trast administration. Levovist (10 mL at 
a 300-mg/mL concentration) was used in 
21 subjects. Renal artery examination time 
was reduced from 25 to 14 minutes, the 
sensitivity . for stenosis improved from 
85% to 94%, and the specificity improved 
from 79% to 88% following contrast 
administration. 

Most of the evaluation for renal artery 
stenosis has concerned the main renal artery 
(see Fig. 4-3). Melany and colleagues30 
reported improved visualization of the main 
renal artery and detected two additional 
stenoses of a total of eight after injection of 
perflenapent, a discontinued agent. 

A Canadian multicenter trial utilized 
seven sites to assess renal artery stenosis in 
78 patients.31 Multiple boluses of Levovist at 
300 mg/mL were utilized. Renal artery diag
nosis was not possible in 18% of baseline 
studies, due to poor arterial visualization, 
whereas only 1% of studies remained inad
equate after contrast enhancement. Com
plete visualization of the left and right main 
renal arteries was significantly increased 
after contrast (from 61% to 87% on the 
right and from 58% to 92% on the left). In 
63 of 64 patients with an adequate non
contrast baseline scan, contrast ultrasound 
findings were the same as for the unen
hanced scans. Sensitivity and specificity 
could not be determined, as only 14 
patients underwent angiography. There was 
agreement between angiography and 
enhanced ultrasound in 12 patients (86%), 
compared to angiography in 1 1  patients 
with un enhanced ultrasound. Scintigraphy 
had only a 64% correlation. An economic 
evaluation revealed that the management 

costs were lower after contrast-enhanced 
ultrasound due to the higher success rate at 
reaching a conclusive diagnosis.32 

A European trial of contrast-enhanced 
renal artery sonography consisted of 198 
patients, all of whom underwent angiogra
phy.33 Levovist dosage was determined by 
how well the renal artery was seen at base
line. It was possible to visualize a suffiCient 
length of the renal artery to diagnose or 
exclude stenosis in 84% of 191  patients. 
This represented a significant improvment 
compared with 64% with unenhanced 
ultrasound. There was also significant 
improvement when visualization was com
pared on a per-kidney basis. Although dif
ferent centers used different criteria for 
measuring renal artery stenosis, agreement 
with angiography improved significantly 
after contrast enhancement, from 52% 
unenhanced to 70% enhanced (P = 0.001 )  
on  an  individual patient baSiS, and from 
66% unenhanced to 78% enhanced on a 
per-kidney basis (P = 0.001) .  However, 
sensitivity and specificity for renal artery 
stenosis did not significantly improve after 
contrast enhancement. Sensitivity increased 
from 80% to 84% (P = 0.248) and specificity 
from 81% to 86% (P = 0.665). The signifi
cant agreement between baseline and con
trast studies was due to relatively few in
adequate noncontrast studies. The results 
show that the ability to visualize the renal 
arteries improves after contrast administra
tion, but this does not necessarily result in 
a more accurate examination. 

Frauscher and coworkers34 used Levovist 
to detect crossing vessels in 29 patients 
with ureteropelvic junction obstruction. The 
detection of crossing vessels increased sig
nificantly (P < 0.16), from 65% to 96%, using 
Levovist. Vessels were detected in 22 of 23 
laparoscopically confirmed cases. (Only a 
2-mm-diameter posterior vein was missed.) 

MESENTERIC AND HEPATIC 
ARTERY APPLICATIONS 

Blebea and associates35 investigated mesen
teric vessels utilizing an infusion of Defin
ity (perflutren) (Bristol Myers Squibb 
Medical Imaging, Billerica, MA) infusion. 
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Duplex Doppler without and with contrast 
enhancement was compared with angiogra
phy in 17 patients. The accuracy of the 
unenhanced study was 82% compared with 
88% after contrast enhancement. The non
visualization rate went from 12 vessels to 3 
after injection. Unenhanced celiac axis 
scans overcalled obstructive lesions in one 
vessel and did not detect obstruction in two 
others. After contrast administration, all 
celiac arteries were identified, but two 
vessels were falsely called stenotic (post
contrast velocities were higher than 300 
cm/sec).The greatest improvement in this 
study concerned superior mesenteric artery 
diagnosis, where accuracy changed from 
71 % to 94%. After contrast administration, 
two occlusions and three stenoses were 
correctly identified, while baseline, non
contrast examinations missed one occlusion 
and one stenosis. Noncontrast accuracy 
for the inferior mesenteric artery was poor, 
at only 35%. The addition of contrast 
improved the accuracy to only 38%. For all 
vessels (aorta, superior mesenteric artery, 
celiac artery, and inferior mesenteric artery), 
stenosis or occlusion was correctly detected 
in 8 1% after contrast, compared with 55% 
at baseline. The specificity was similar-
84% after contrast and 79% at baseline. The 
improvement was most evident in the celiac 
and superior mesenteric arteries, but the 
results did not reach statistical significance. 

Hepatic transplants were studied using a 
UCA by Sidhu and colleagues36 to detect the 
cause of a parvus tardus waveform in the 
hepatic artery. Although the agent allowed 
better delineation of the hepatic artery, 
postcontrast peak systolic velocities did not 
always accurately determine the degree of 
stenosis compared with arteriography. The 
agent permitted the confident diagnosis of 
an occluded vessel but could not eliminate 
the need for angiography to determine the 
number, grade, and lengths of hepatic artery 
stenoses. 

ENDOVASCULAR GRAFT 
EVALUATION 

Aortic endovascular stent graft placement 
requires postprocedural monitoring. Several 

investigators have reported on contrast
enhanced ultrasound for detection of graft 
complications, notably endoleaks. Ultra
sound can evaluate the graft over several 
minutes, so that both fast-flowing and 
slow-flowing endoleaks can be detected, 
either by a color flow signal or an increase 
in echogenicity between the aneurysm sac 
and the graft (Fig. 4-7) . This is a potential 
advantage over computed tomographic 
(CT) scanning, since the post-contrast CT 
scans may cover only one or a few time 
phases following contrast administration. 
Slow endoleaks may be overlooked if time 
delays are too short. Ultrasound may also 
determine the direction of flow in the leak, 
which may not be possible with CT. 
However, bowel gas may obscure part of the 
graft during ultrasound examination, and 
stent fractures may be missed by ultrasound 
as wel1.37 

Early results with Levovist have shown 
endoleaks not visible prior to contrast 
administration.38-4o In a follow-up to one of 
these studies, McWillliams and colleagues41 
evaluated 53 patients. Although they 
detected more leaks after contrast admin
istration, contrast enhancement still failed 
to detect several type II endoleaks, * com
pared with biphasic (arterial and delayed 
phase) CT. In a more recent trial, Bendick 
and associates42 reported excellent endoleak 
results using Optison. One cubic cm of 
the agent was injected with a 5-mL saline 
flush, and scans where obtained after 1 
minute. The graft was scanned in gray-scale 
harmonic mode. Baseline ultrasound 
detected six endoleaks, and delayed-phase 
CT detected eight endoleaks. All eight were 
seen on the contrast-enhanced ultrasound, 
and it was possible to determine if they were 
type I or II endoleaks* using the UCA. Addi
tionally, two proximal attachment leaks not 
seen with CT were visualized with contrast 
sonography and were subsequently shown 
at angiography. Nelms and colleagues43 
have also reported using Optison but in 
smaller doses (0.3 mL and up to three injec
tions) than Bendick and associates42 
described. This group also detected four 
cases of extragraft flow not seen with CT, 

'See Chapter 30. 
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FIGURE 4-7. Endoleaks after 
aortic stent graft placement. 
A, Color Doppler obtained after 
injection of contrast demon
strates abnormal color (arrows) 
between the aortic wall and 
the stent graft (Gr). This could 
be traced to a lumbar artery. 
B, Pulse inversion harmonic 
imaging in a different patient 
demonstrates contrast (arrow) 
in the posterior aspect of the 
aneurysm sac distant from the 
enhanced graft seen more ante
riorly. This was subsequently 
proven to be a type II endoleak. 
(Cases courtesy of Kathleen 
Carter, RN, FSVU, Richmond, 
VA.) 

B 

and at least one case was confirmed angio
graphically. For CT-confirmed endoleaks, 
ultrasound contrast improved visualization 
of the leak and facilitated detection of the 
source of leakage. These positive results 
concerning endograft assessment warrant 
further investigation with newer ultrasound 
contrast agents. 

NEW TECHNIQUES 

Intermittent pulses of ultrasound can 
destroy microbubbles in an insonated 
region, followed by replenishment of the 
agent by the blood pooL Therefore, the flow 
of blood into an organ can be investigated 
sonographically. The replenishment rate 
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is related to the blood volume and the 
microbubble velocity, and these variables 
can be correlated with blood flow, as inves
tigated in dogs using SonoVue.44 In this 
study, the measurement of renal blood 
flow by the contrast-enhanced blood flow 
replenishment method correlated well with 
actual blood flow (R = 0.82; P < 0.001).  In 
another study, renal transplant reCipients 
were investigated using pulse inversion 
gray-scale ultrasound to generate time
intensity curves after bolus UCS injection. 
This work showed some differences be
tween pathologic and normally functioning 
kidney tpansplantsY 

Other novel uses of contrast agents are 
being investigated. The response of the 
bubble to ultrasound is related to the pres
sure around the bubble. Investigators are 
trying to use this fact to determine whether 
UCAs can be used to measure blood pressure 
noninvasively.46 

Ultrasound contrast agents are generally 
thought of as blood pool agents that flow 
passively with the blood products; however, 
active, targeted contrast agents are being 
designed, and early research work in this 
area is ongoingY UCAs have been targeted 
to atherosclerotic plaque and thrombus, 
both in vitro and in vivo.4s-so The agent 
actively attaches to the designated target, 
increasing the echogenicity of · the target 
surface relative to the un enhanced vessel. 
This approach might aid the detection of 
important findings, such as thrombus asso
ciated with plaque that might require a dif
ferent type of therapy than the plaque itself. 
Investigators are also attempting to use tar
geted . UCAs to identify different surface 
characteristics of the vessel wallY 

Ultrasound contrast agents are also 
being investigated as a method for acceler
ating thrombolysis.47,48 Microbubble agents 
have also been proposed as a means for 
delivering therapeutic agents, such as 
chemotherapy or gene therapy, directly to a 
diseased vessel or organY 

CONCLUSIONS 

Contrast enhancement has been shown in 
many studies to improve visualization of 

blood vessels with ultrasound. In some 
cases, UCAs have improved the detection of 
pathology, but most studies have been small 
in scale and largely anecdotal. Larger trials 
are required to determine if the use of ultra
sound contrast can be translated into more 
accurate or more cost-effective diagnoses. 
However, the lack of commercially available 
diagnostic contrast agents in the United 
States has restricted their more widespread 
investigation. Two important trends that 
may affect the future role of UCAs are 
ongOing improvements in ultrasound tech
nology, which permit ultrasound instru
ments to better capitalize on the unique 
characteristics of microbubble agents, and 
the development of agents designed for 
therapeutic uses. 
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Chapter 
5 

The Role of Ultrasound 
in the Management 

of Cerebrovascular Disease 

Stroke i s  a major social and health care 
burden, with more than 700,000 people suf
fering from it annually in the United States. 
It is the leading cause of permanent disabil
ity, and its annual cost to patients, hospi
tals, and society is estimated at 5 1  billion 
U.S. dollars. l Cerebrovascular ultrasound 
has established applications in the detec
tion of stroke risk factors and mechanisms, 
screening for therapeutic, surgical, and 
catheter-based interventions, and monitor
ing of arterial lesions responsible for stroke 
symptoms. Ultrasound provides a fast, 
portable, noninvasive, repeatable, and inex
pensive technique for vascular diagnosis. 
Ultrasound in stroke care directly impacts 
on clinical decision-making in the follow
ing situations:2 
• The early detection, quantification, and 

characterization of extra cranial athero
sclerosis and occlusive disease, especially 
at the carotid bifurcation 

• The consequences of proximal arterial 
occlusive disease on the distal cerebral 
vasculature 

· The detection of microemboli associated 
with cardiac and aortic pathology and 
carotid artery surgical manipulation (and 
perhaps gauging response to antiplatelet 
therapy) 

• Selection of children with sickle cell 
disease for blood transfusion as an effec
tive tool in primary stroke prevention 

• The natural history and response to treat
ment of acute arterial occlusion that causes 
hyperacute stroke 

• The time course and reversibility of 
cerebral vasospasm after subarachnoid 
hemorrhage 
This chapter describes the use of cere

brovascular ultrasound tests in elective 
screening; i.e., outpatient diagnostic work
up, and at bedside for patients with acute 
neurologic problems. 

DEFINITIONS OF TRANSIENT 
ISCHEMIC ATTACK AND STROKE 

Transient ischemic attack (TIA) is a medical 
emergency, since well-documented mea
. sures help prevent stroke if they are imple
mented in a timely manner. The complete 
resolution of focal cerebral ischemic symp
toms within 24 hours has been used to dif
ferentiate between the diagnosis of stroke 
and TIA. However, the majority of TIAs 
resolve within minutes, and advanced 
neuroimaging studies demonstrate that 
longer-lasting symptoms are likely, in fact, 
to be strokes.3 TIAs have a more serious 
prognostic implication then previously 
appreciated. After a TIA occurs, about 10% 
of patients will have a stroke in the next 3 
months, and almost half of these strokes 
will develop within the first 2 days after 
the initial symptoms.4 Since TIA is a highly 
predictive risk factor for stroke, patients 
with TIA need to be evaluated in a timely 
and comprehensive manner when the diag
nosis is suspected. Clinical history, knowl
edge of neurologic symptoms, and timely 
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performance of brain imaging tests are 
essential in the work-up of these patients. 

Data from the National Institutes of 
Neurological Disorders and Stroke (NINDS) 
rt-PA Stroke Study is helpful to draw an 
arbitrary time line between TIA and stroke. 
In this pivotal trial of thrombolytic therapy 
for ischemic stroke, half of patients with 
acute symptoms of cerebral ischemia re
ceived a placebo, and all of them had per
sisting neurologic deficits for at least 1 hour. 
At 24 hours after symptom onset, only 2.6% 
had recovered completely in the placebo 
group.5 Therefore, from a clinical perspec
tive, patients who have symptoms lasting 
for at least 1 hour have a 9 7% chance of 
having a stroke and should be evaluated 
emergently. The current time window for 
initiating the only approved therapy, sys
temic tissue plasminogen activator (TPA) , 
is 3 hours after symptom onset. However, 
the majority of stroke patients arrive at a 
hospital outside this strict time window. 
Despite this, diagnostic testing of patients 
with symptoms lasting longer than 3 hours 
should be prioritized and accomplished in a 
timely manner, since effective measures to 
prevent stroke recurrence exist and depend 
on knowledge of the stroke pathogenic 
mechanism.6 

Elective Cerebrovascular 
Ultrasound Testing 

Screening for Carotid Artery Disease 

Classic Neurologic Manifestations of 
Ischemic Stroke or TIA 
Carotid arteries supply the middle cerebral 
and anterior cerebral arteries of the brain, 
and these territories are responsible for so
called anterior circulation symptoms such 
as unilateral weakness (arm more than leg), 
aphasia (difficulties with word finding or 
understanding), hemianopsia (partial loss of 
visual field), and amaurosis fugax (transient 
monocular blindness). 

As illustrated in Chapter 6, the vertebral 
arteries unite to form the basilar artery, and 
together, these vessels supply the brainstem, 
cerebellum, midbrain, and visual cortex
vascular territories known as the posterior 

circulation. Symptoms attributable to the 
posterior circulation include unilateral 
weakness, dysarthria (slurred speech), dizzi
ness, ataxia (disturbance of movement coor
dination), loss of consciousness, and 
cortical blindness. 

Although general recognition of stroke 
symptoms is a relatively easy task, localiza
tion of the ischemic process may be chal
lenging, even for neurologists, since both 
arterial distributions (anterior and poste
rior) may present with similar symptoms. 
Upon admission, a stroke patient undergoes 
computed tomography of the brain to 
differentiate bleeding (hemorrhagic stroke) 
from ischemia. Clinical localization of 
stroke symptoms is usually confirmed using 
magnetic resonance imaging of the brain, 
which shows better than CT the brain areas 
affected by ischemia. 

Mechanisms of Ischemic Stroke 
or TIA 
Stroke neurologists commonly use the so
called TOAST classification of stroke patho
genic mechanisms:7 

Large vessel athero-thrombotic stroke 
• Cardio-embolic stroke 
• Lacunar stroke 
• Other (dissection, coagulopathy, paradox

ical embolism, etc) 
• Undetermined 

Patients with large vessel athero
thrombotic stroke have imaging evidence of 
diameter reduction of the vessel by plaque 
or thrombus of more than 50%. These 
patients may suffer stroke due to hypo
perfusion when severe proximal internal 
carotid artery (ICA) stenosis is coupled with 
poor collateralization. Alternatively, stroke 
may result from artery-to-artery emboliza
tion, commonly from a thrombogenic 
plaque surface, with variable degree of 
carotid stenosis. As many as 90% of 
ischemic strokes occur in the carotid artery 
territories. These patients represent the 
target group for screening the carotid ar
teries with ultrasound. 

Patients with cardiogenic strokes suffer 
from embolism that originates in heart 
chambers. For example, patients with 
atrial fibrillation ("irregular-irregular" heart 
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CHAPTER 5 The Role of Ultrasound in the Management of Cerebrovascular Disease 

rhythm) are at high risk of forming a 
thrombus and embolizing brain vessels. 
This risk is reduced by anticoagulation with 
warfarin.8 Carotid plaque and stenosis may 
also be found in these patients. 

Patients suffering from so-called lacunar 
strokes develop occlusive lesions in the 
small perforating vessels of the brain that 
are currently below the resolution of ultra
sound imaging systems. Nevertheless, 
strokes in the small vessel territory still 
require diagnostic work-up to exclude con
comitant large vessel atherosclerosis as a 
potential contributing risk factor. 

The first three types of stroke pathogene
sis listed above account for approximately 
30%, 35%, and 10% of all strokes, respec
tively, while other stroke types usually rep
resent 10% of cases. In about 15% of stroke 
patients, clinical, radiologic, and other diag
nostic studies reveal no identifiable risk 
factor, and the stroke mechanism in these 
patients remains undetermined. 

Overall, the indications for first-ever 
carotid duplex ultrasound examination 
include: 
1 .  Symptoms of stroke or TIA attributable to 

carotid artery distribution 
2. Carotid bruit 
3. Suspicion of carotid stenosis from other 

imaging tests such as magnetiC reso
nance angiography 

4. Preoperative screening for carotid ste
nosis 

5. Assessment of a high cardiovascular risk 
patient 

Carotid Endarterectomy Trials 

Carotid endarterectomy (CEA) trials played 
a pivotal role in finding effective stroke 
prevention measures in patients with 
carotid atherosclerosis.9-11 They established 
the levels of ICA stenosis in patients with a 
history of stroke or TIA when surgery is 
beneficial (Le., >70%), when surgery is 
potentially better that antiplatelet therapy 
(50%-69%), and when medical therapy is 
better than surgical intervention (Le., 
<50%) in the affected carotid artery distri
bution. Table 5-1 shows the increasing risk 
of stroke with increasing degree of extracra-

Table 5-1 .  The Risk of Stroke and the 
Severity of Carotid Stenosis in 
Symptomatic Patients i n  the NASCET Trial 

leA MecUcal Surgical 
Stenosis* G roupt Group* NN"r 

7 99% 
S()<*>-69% 
<S 

26. 1 %  
22.2% 
1 8. 7% 

1 2.9% 
I S. 7% 
1 4.9% 

8 
I S  
26 

*ICA stenosis is expressed as percent diameter 
reduction of the residual lumen on digital 
subtraction angiography measured by the North 
American (N) method. 
tThe "Medical Group" received antiplatelet 
therapy to prevent stroke. 
*The "Surgical Group" underwent CEA within 6 
mo after TlA or minor stroke. 
§NNT is the number of patients needed to treat to 
prevent one stroke. 
CEA, carotid endarterectomy; lCA, internal carotid 
artery; TlA, transient ischemic attack. 
From North American Symptomatic Carotid 
Endarterectomy Trial Collaborators: Beneficial 
effect of carotid endarterectomy in symptomatic 
patients with high-grade carotid stenosis. N Engl ] 
Med 325:445-453, 1991,  and Barnett H], Taylor 
DW, Eliasziw M, et al: Benefit of carotid 
endarterectomy in patients with symptomatic 
moderate or severe stenosis. North American 
Symptomatic Carotid Endarterectomy Trial 
Collaborators. N Engl ] Med 339: 1415-1425, 1998. 

nial ICA stenosis and risk reduction with 
CEA. Risk of perioperative stroke and death 
is higher in patients with widespread 
leukoaraiosis, those with occlusion of the 
contralateral internal carotid artery, and 
those with intraluminal thrombus. 12 
However, these patients still benefit from 
treatment. Patients with 50% to 69% steno
sis experience lesser benefit, and some other 
groups may even be harmed by carotid 
endarterectomy, including women and 
patients with only transient monocular 
blindness. 12 Finally, a high-risk group for 
CEA is identified by the presence of severe 
coronary artery disease, chronic obstructive 
lung disease, or renal insufficiency, in 
whom CEA is associated with higher peri
operative risk of stroke and death. 13 

In asymtpomatic patients with ICA steno
sis of more than 60%, CEA reduces absolute 
risk of first-ever stroke from 2% per year 
to 1% per year. This translates into the 
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"number needed to treat, " which is equal 
to 83 patients that need to undergo CEA 
to prevent one stroke in 2 years. 12 Further
more, patient life expectancy should exceed 
5 years to accumulate any significant 
benefit from this procedure. Performance of 
CEA in controlled clinical trials had a better 
safety profile than it did community prac
tice. Increased peri operative risks may 
completely outweigh benefits of CEA in 
asymptomatic patients. 12•14 Nevertheless, 
selected patients with asymptomatic carotid 
stenosis may undergo CEA if they are found 
to have a "high-risk" plaque on B-mode 
ultrasound, frequent distal embolization, or 
impaired vasomotor reactivity on transcra
nial Doppler (TCD) .  These ancillary criteria 
were derived from smaller controlled cohort 
or observational studies that are discussed 
in the following subsections. 

Although carotid endarterectomy is a 
durable procedure, I2 its use in a community 
setting may yield higher perioperative 
risks, I4 and the appropriate patient selec
tion is of paramount importance. Initial 
diagnostic work-up with a combination of 
ultrasound and magnetic resonance angio
graphy is a common clinical pathway that 
results in low carotid stenosis misclassifica
tion rates compared with catheter-based 
digital subtraction angiography. IS However, 
in an attempt not to miss severe stenosis, 
digital subtraction angiography may still be 
used in selected patients, particularly when 
magnetic resonance angiography and ultra
sound are discrepant.16,17 

Carotid interventions to prevent stroke, 
such as angioplasty and stenting, are emerg
ing as alternatives to CEA. 18 Carotid stent
ing can be offered to patients with high 
risk of peri-procedural complications of CEA 
(e.g., those with coronary, pulmonary, or 
renal diseases) or in a situation when carotid 
atheromas extend beyond the accessible 
surgical field. Otherwise, the safety and effi
cacy of stenting are now being compared in 
randomized clinical trials, and the indica
tions for CEA and stenting will be redefined 
in the near future. 

It is extremely important to carefully 
apply the results of the clinical trials in clin
ical practice to minimize risks associated 
with CEA. These steps include risk factor 

assessmentI2 and application of the specific 
methods of measuring carotid stenosis in 
selecting patients for surgery. 19,20 Local cri
teria for grading carotid stenosis with ultra
sound should be validated and set to predict 
an operable range of carotid stenosis, as 
defined by pivotal clinical trials.9-11,2I These 
randomized trials used digital subtraction 
angiography as the definitive diagnostic test 
to measure the degree of carotid stenosis, 
expressed as the percent linear diameter 
reduction of the vessel as measured by strict 
and specific methods. To apply these 
methods, only one view of the tightest 
residual lumen (d) was selected and com
pared with the normal diameter (n). The 
stenosis is calculated using the formula: 

ICA Diameter Reduction = (1 -din) x 100%, 

where d and n are the diameter measure
ments made on a hard copy film in 
millimeters. 

The North American (N) method, or 
the "distal" degree of stenosis, was 
used in the Asymptomatic Carotid Athero
sclerosis Study (ACAS) and the North 
American Symptomatic Carotid Endarterec
tomy Trial (NASCET). In these trials, the 
denominator, n, refers to the distal ICA.19 
The measurement is made using a jeweler's 
eyepiece and calipers at the segment of 
the far-distal ICA with parallel walls, well 
beyond the carotid bulb and any post
stenotic dilation. 

The European (E) method, or the 
"local" degree of stenosis, was em
ployed in the European Carotid Surgery 
Trial (ECST) and requires drawing an imag
inary outline of the ICA bulb to estimate the 
normal dimensions of the vessel at the site 
of the tightest narrowing. lO Although there 
is no objective way to decide where exactly 
the normal vessel wall is supposed to be on 
the digital subtraction angiography image, 
the E method showed good reproducibility 
between experienced observers and pro
vides stenosis values closer to anatomic 
stenosis than the N method. For instance, a 
70% N stenosis is equal to an 84% E steno
sis and a 90% area stenosis.2o,22,23 This is 
largely due to the fact that the ICA bulb 
diameter estimate is greater than the 
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diameter of the distal ICA in the normal 
vessel and its segment beyond the stenosis. 

These methods of measuring carotid 
stenosis represent indexes rather than 
precise measurements of the disease sever
ity, since they are based on the diameter 
reduction estimates derived from a single 
angiographic projection. The N method is 
now the most widely used for measuring 
carotid stenosis, predicting the risk of 
stroke, selecting patients for carotid 
endarterectomy, and evaluating the accu
racy parameters of ultrasound screening. 
The Society of Radiologists in Ultrasound 
has developed multispecialty consensus cri
teria concerning the proper method for pre
dicting the operable range (N method) of 
carotid stenosis from carotid duplex exami
nation (Table 5-2). The Consensus Panel 
determined a set of criteria most suitable for 
grading a focal stenosis in the proximal 
ICA.24 It is recommended to use these crite
ria if a laboratory is new and seeking a set 
of most applicable criteria for prospective 
validation. If a laboratory has previously 
developed a set of their own criteria, vali
dated them, and continues to successfully 
use them in clinical practice, then there is 
no need to change diagnostic criteria.24 

After CEA, carotid ultrasound should be 
used for noninvasive follow-up. If a patient 
remains asymptomatic, yearly follow-up is 
generally sufficient. If a patient had bilateral 

disease prior to CEA, an earlier follow-up at 
3 to 6 months can be used to assess the 
degree of carotid stenosis contralateral to 
CEA. If a patient becomes symptomatic 
any time after CEA, carotid ultrasound 
should be repeated to identify possible 
thrombosis (with early symptom recur
rence) or restenosis. 

High-Risk Carotid Plaque 

Severe carotid stenosis is found in only 14% 
to 21% of patients with hemispheric cere
bral symptoms, and its prevalence varies 
with ethnicity.25 The majority of stroke 
patients have mild or moderate carotid 
plaques. Some of these plaques may also 
cause symptoms and may be more prone to 
progreSSion, rupture, and thrombosis. 
Brightness·modulated (B-mode) ultrasound 
imaging can directly visualize and charac
terize plaque burden and potentially iden
tify high-risk carotid plaques early, during 
the pre symptomatic stage. In clinical 
studies,26-3o the following types of asymp
tomatic carotid plaque predicted higher risk 
of subsequent cerebral ischemic events: 
• Hypoechoic plaque 
• Types 1 and 2 echolucent plaques,31 par

ticularly with echolucent area adjacent to 
the lumen 

• Heterogeneous plaque 

Table 5-2. The Society of Radiologists in Ultrasound Consensus Criteria for Grading 
Carotid Stenosis 

I 

Stenosis Range lCA/CCA 
N Method lCA PSV PSV Ratio lCA EDV Plaque 

Normal <125 cm/sec <2.0 <40 cm/sec None 
<50% <125 cm/sec <2.0 <40 cm/sec <50% diameter 

reduction 
5�9% 125-230 cm/sec 2.0-4.0 4a-lOO cm/sec >50% diameter 

reduction 
70-near >230 cm/sec >4.0 >lOO cm/sec >50% diameter 

occlusion reduction 
Near occlusion May be low or Variable Variable Significant, 

undetectable detectable lumen 
Occlusion Undetectable Not applicable Not applicable Significant, no 

detectable lumen 

CCA, common carotid artery; EDV, end-diastolic velocity; ICA, internal carotid artery; N, North 
American; PSv, peak systolic velocity. 
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The role of B-mode imaging in screening 
for carotid plaques is to characterize plaque 
location, length, composition, and surface. 
In addition to carotid stenosis measure
ment, B-mode provides information about 
plaque extent in symptomatic patients 
that can be helpful in surgical considera
tions. Plaque typing can be used to identify 
high-risk asymptomatic patients with sig
nificant stenosis who are suitable for 
surgery.29,30 Emboli detection with TCD also 
provides additional evidence for active 
emboligenic plaque surfaces, and these 
emboli-positive plaques are associated with 
higher risk of cerebral ischemic events.32 
Figure 5-1 shows a heterogeneous plaque 
with real-time evidence of artery-to-artery 
embolization in the middle cerebral artery, 
as well as multiple cortical embolic 
strokes. 

Carotid duplex is often used as a sole 
screening test before carotid endarterec-

tomy, particularly at ultrasound facilities . 
with documented and sustained accu
racy.33-36 However, positive identification 
of surgical candidates is only one of several 
outcomes of cerebrovascular ultrasound 
testing. Patients who had an ischemic 
cerebral event may also have bilateral 
(Fig. 5-2), tandem carotid leSions, distal 
carotid and intracranial arterial lesions, 
as well as variable sufficiency of collat
eral supply and vasomotor reserve. This 
additional information allows stroke neu
rologists to identify stroke mechanisms 
and to select management options besides 
surgery for stroke prevention. At our labo
ratory at the University of Texas Stroke 
Treatment Team in Houston, we rou
tinely perform carotid/vertebral duplex 
scanning together with TCD in practi
cally all patients admitted with stroke or 
TIA to identify multiple potential stroke 
mechanisms. 

FIGURE 5-1 . B-mode scans in the 
lower panels show longitudinal 
and transverse images of a het
erogeneous plaque. Arrows show 
the locations of the transverse 
images. Upper left and center 
panels show transcranial power 
Doppler recordings of flow in the 
middle cerebral artery (MCA). 
Note the increase in velocity 
from the first to the second MCA 
segment, which is the result of a 
partially obstructing embolus 
from the internal carotid artery 
stenosis. The diffusion-weighted 
magnetic resonance image (upper 
right panel) shows multiple em
bolic strokes, also of carotid 
origin. 
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A 

B 
FIGURE 5-2. Bilateral carotid stenoses of 70% or more. 
The right internal carotid artery (ICA) (A) is more 
severely stenosed than the left ICA (E), which shows a 
compensatory velocity increase. Although peak systolic 
velocity in the right ICA is only 165 cm/sec compared 
with 350 cm/sec on the left, the ICA/common carotid 
artery (CCA) systolic velocity ratio is apprOXimately 
4.0 on both sides. This is due to greater reduction of 
the right CCA peak systolic velocity (PSV) 42 cm/sec 
compared with the left side, where CCA has a PSV of 
84 cm/sec) . Furthermore, lesion location in the · right 
carotid system is more proximal and affects the right 
common carotid bifurcation, as shown by computed 
tomographiC angiography (image inserts). Transcranial 
Doppler examination (not included here) showed that 
the left carotid system was providing collateral supply 
not only to the right carotid but also to the posterior 
circulation vessels, due to severe proximal basilar artery 
stenosis. 

Other Roles of Extracranial 
Duplex Screening 

Duplex technology can be used to deter
mine if stroke patients have carotid lesions 
other than atherosclerosis. Examples in
clude carotid thromboembolism, dissec
tion, fibromuscular dysplasia, and radiation 
injury. These lesions have distinctively dif
ferent appearances on B-mode ultrasound, 

and their hemodynamic significance is 
determined using Doppler spectral data. 
When found, these lesions point to a spe
cific stroke mechanism other that large 
vessel atherosclerosis,37 and determination 
of such mechanisms can change treatment 
options for stroke patients. 

Another role of extracranial duplex scan
ning is to determine the presence of ver
terbral arterial lesions in patients with 
neurologic symptoms that refer to the 
posterior cerebral circulation. Duplex ultra
sound allows segmental assessment of the 
vertebral artery flow between transverse 
processes and visualization of the vertebral 
artery origins.38,39 These segments should 
be thoroughly evaluated in patients with 
strokes or TIAs in the posterior circulation. 
The spectrum of vertebral pathology de
tectable by duplex scanning includes 
• Vertebral artery stenosis (origin, V2, V3, 

and V4 segments) 
• Vertebral artery occlusion or absence of 

flow due to congenital aplasia 
• Hypoplastic vertebral artery 
• Subclavian steal 
If duplex ultrasound shows Significant 
(>50%) vertebral stenosis or occlusion, 
along with evidence of plaque formation, 
this indicates that the mechanism of cere
bral ischemic symptoms is likely large vessel 
atheromatous disease. Infrequently, duplex 
examination may show vertebral artery dis
section,40 and further testing is necessary 
to determine if it is an isolated vertebral 
dissection or an extension of aortic arch 
dissection. Further consideration should be 
given as to whether this dissection is spon
taneous or trauma related. 

Finally, the finding of subclavian steal 
(Fig. 5-3) is most often a harmless hemody
namic phenomenon that indicates the pres
ence of atherosclerotic stenosis or occlusion 
in the subclavian artery. Occasionally, how
ever, subclavian steal can produce symp
toms related to transient hypoperfusion in 
the basilar artery.41,42 

Screening for Intracranial Disease 

The Warfarin Aspirin Intracranial Disease 
(WASID) trial43,44 was terminated due to 
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Left subclavian steal 
(suboccipital window) 

65-year-old woman 
fluctuating A paresis 
right MeA ischemia 

FIGURE 5-3. Transcranial Doppler spectral and motion mode findings in a 6S-year-old woman with a fluctuating 
neurologic deficit due to ischemia in the right middle cerebral artery (MeA) distribution. M-mode transcranial 
Doppler shows alternating flow signal due to an asymptomatic right-to-Ieft subclavian steal. More importantly, 
there is a focal velocity increase (2 : 1 compared with the terminal vertebral artery) and a bruit in the distal basilar 
artery, indicating stenosis of more than SO%. 

excessive hemorrhagic complications and 
lack of efficacy for warfarin over aspirin to 
prevent recurrent stroke in patients with 
symptomatic intracranial stenoses of 50% 
or more. Nevertheless, intracranial vessel 
disease is recognized as an independent risk 
factor for stroke,45-47 and attempts are con
tinuing to develop therapies other than 
anticoagulation.48-5o 

Detection of intracranial stenoses using 
TCD is most reliable for the middle cerebral 
artery, terminal internal carotid artery, and 
basilar artery.51-53 Various velocity thresh
olds have been introduced to predict sig
nificant intracranial stenosis. Since symp
tomatic middle cerebral artery (MCA) ste
nosis of 50% or more bears approximately 
7% risk of recurrent stroke per year,43 we 
have adjusted our criteria to optimize 
screening with TCD to predict the presence 

of these lesions. 54 We use the cut-off of 100 
cm/sec or more for the mean flow velocity 
(MFV) and the prestenotic-to-stenotic ratio 
1 : >2 for defining diameter reduction of the 
MCA of 50% or more54 (Fig. 5-4). Other 
groups developed their own velocity criteria 
for trans cranial duplex imaging55 and 
TCD.56,57 When applying these published 
criteria, it is important to establish how the 
investigators measured percent stenosis 
angiographically and if angle correction was 
employed with duplex scanning. 

Performance of TCD requires evaluation 
of vessels other than MCA, since in one 
study, 57 increasing the number of vessels 
with significant intracranial stenoses lin
early increases the risk of subsequent stroke 
to the point that all symptomatic Chinese 
patients with six or more stenotic vessels 
suffered a stroke during follow-up. 
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Proximal M 1  MCA MFV 66 em/sec Distal M 1 /prox M2 MCA MFV 1 82 em/sec 

FIGURE 5-4. Power M-mode and spectral Doppler appearance of a distal M1/proximal M2 segment middle carotid 
artery (MCA) stenosis. Left, Spectral analysis at a depth of 56 mm shows proximal M1 MCA mean flow velocity 
(MFV) of 66 cm/sec and diversion of flow to the anterior cerebral artery (ACA; ACA MFV > MCA MFV). Note the 
appearance of a systolic bruit at a depth of 40 mm on M-mode display (circle). Right, Spectral Doppler measure
ment of the distal MCA shows a MFV of 182 cm/sec with stenotic to prestenotic ratio of 2.8 : 1 indicating MCA 
stenosis of more than 50%. 

Transcranial Doppler can also be used as 
an inexpensive follow-up tool to demon
strate continuing artery-to-artery emboliza
tion, despite antiplatelet or anticoagulant 
therapy, as well as progression and regres
sion of stenosis severity with combination 
therapies including angiotensin-converting 
enzyme (ACE) inhibitors and statins.57,59-61 If 
TCD shows recurrent embolization and/or 
increasing degree of intracranial stenosis, 
with fluctuating neurologic deficit or recur
rent events despite best medical therapy, 
these patients may be considered for exper
imental intracranial angioplasty stenting 
procedures.49 

Shunt and Emboli Detection 

Ultrasound can detect, quantify, and local
ize embolization in real time, and this 
subject has been particularly well studied in 
cerebral vessels with TCD62-66 Detection of 
emboli with TCD is based on the definition 
of microembolic signals (MES) provided by 
the International Cerebral Hemodynamics 
Society consensus.67 MES have the following 
characteristics on spectral Doppler analysis 
(Fig. 5-5): 
1 .  Random occurrence during the cardiac 

cycle 
2. Brief duration (usually <0. 1 sec) 

3. High intensity (>3 dB over background) 
4. Primarily unidirectional signals (if fast 

Fourier transformation is used) 
5. Audible component (chirp, pop) 

The power motion-mode Doppler (power 
M-mode) adds extra dimensions to the 
process of emboli detection. It shows tracks 
of emboli in time and space and provides 
simultaneous real-time assessment of 
emboli passing through different vessels 
(Fig. 5-5), thereby increasing the yield of 
emboli detection with a single transducer. 68 
Practically all MES detected by TCD are 
asymptomatic, since the sizt'j of the particles 
producing them is usually · comparable to 
the diameter of brain capillaries or even 
smaller. 69 However, their cumulative count 
is related to the incidence of neurophyco
logical deficits after cardiopulmonary by
pass and stroke after carotid endarterec
tomy.70--75 Furthermore, the significance of 
MES as a risk factor for ischemic stroke and 
as a parameter for platelet inhipition effi
cacy is emerging.76 

Strict standards should be followed when 
an interpreter documents and reports 
microemboli on TCD.77 The gold standard 
for MES identification still remains the 
on- or off-line interpretation of real
time, videotaped or digitally taped flow 
signals. 77-79 If spectral TCD is used, record
ings should be obtained with minimal gain 
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FIGURE 5-5. Positive "bubble" test for right-to-left shunt in a patients with large and functional patent foramen 
ovale confirmed by transesophageal echocardiography. The Val salva maneuver induced a "curtain" of embolic 
signals in the middle cerebral artery. (Images courtesy of Dr. Zsolt Garami.) 

at a fixed angle of insonation and with 
a small (<10 mm) sample volume. The 
probe should be maintained with a fixation 
device during monitoring for detection 
of spontaneous embolization for at least 
0.5 to 1 hour. Prolonged monitoring times, 
two-channel simultaneous registration, and 
the use of power M-mode can improve the 
yield of emboli detection. Differentiation 
of embolic signals from artifacts is now 
possible using commercially available 
software. 

Testing for right-to-Ieft shunt is essential 
in patients when stroke or transient 
ischemic attack is thought to result from 
paradoxical embolization.8o,81 Although 
TeD cannot localize the shunt; i.e., patent 
foramen ova Ie or atrial septal defect, it pro
vides information that complements trans
esophageal echo cardiography. For instance, 
"bubble" testing with TeD can be done in 
a matter of minutes at bedside, with 
minimal or no discomfort to the patient. 
TCD can offer results of shunt detection 
with accuracy equal to echocardiography 
for detection of functional patent foramen 
ovale and may detect shunts even when 
transesophageal echocardiography is nega
tive; i.e., in cases of pulmonary arterio
venous malformation or inability of the 
patient to perform Valsalva maneuver 
during echocardiography.81,82 

To optimize TCD performance for right
to-left shunt, the following protocol should 
be followed: 
1 .  Patient is in the supine position, and an 

18-gauge needle is inserted into the 
cubital vein 

2. A three-way stop-cock connector with 
two IO-ml syringes is connected to intra
venous access 

3 .  Nine-milliliter isontonic (preferably bac
teriostatic) saline is forcefully mixed with 
1 cc of air 

4. Less than 1 ml of patient blood may be 
suctioned into syringe for better bubble 
formation with agitation 

5 .  At least one MCA is monitored with TCD 
6. The first bolus injection of agitated saline 

is made with the patient breathing 
normally 

7. The second bolus injection of Similarly 
prepared, and agitated saline is made 
with a 10 sec Valsalva maneuver initi
ated 5 sec after beginning the saline 
injection 

8. If negative, TCD monitoring is extended 
up to 1 min to detect potentially late
arriving bubbles suggesting a pulmonary 
shunt 

A four-level categorization is proposed by 
the International Consensus Criteria:82 
1 .  No microembolic signals were detected 

(negative "bubble" -test) 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


CHAPTER 5 The Role of Ultrasound in the Management of Cerebrovascular Disease f�� 
1....-_____________________ -----1 L_..! 
2. An MES of 1 to 10 was detected (positive 

"bubble" -test) 
3. An MES of 10 or more was detected with 

no curtain 
4. A curtain is detected (test indicates the 

presence of a large and functional shunt) 
(Fig. 5-5) 

The report should comment on whether 
a MES or bubbles were detected at rest or 
were provoked by the Val salva maneuver. 
If few single bubbles were detected at rest 
and a curtain appeared with the Valsalva 
maneuver (Fig. 5-5), this also must be 
reflected in the report. 

Clinical interest in shunt testing with 
TCD is increasing. Besides stroke patients 
with paradoxical embolism, functional 
patent formaen ovale may play a significant 
negative role in altitude decompression, in 
patients undergoing hip replacement, and 
in patients suffering from migraine with 
aura.83-86 Noninvasive shunt detection, 
functional assessment, and percutaneous 
closure of the foramen open new possibili
ties in management of these patients. 

Vasomotor Reactivity Testing 

The main reason to evaluate vasomotor 
reactivity (VMR) of brain vessels is to 
identify patients at higher risk of stroke. 
VMR has been most extensively studied in 
the setting of carotid artery stenosis or 
occlusion. A variety of tests were introduced 
to evaluate intracranial hemodynamics 
using the phenomenon of VMR87-92 includ
ing CO2 reactivity with TCD, acetazolamide 
testing with TCD and cerebral blood flow 
scanning techniques, and the breath
holding index (BHI). The BHI is the simplest 
way of challenging VMR if the patient is 
compliant and capable of a 30-second 
breath hold.92 This index is calculated using 
the mean flow velocities obtained by TCD 
before breath-holding (baseline) and at the 
end of 4 sec of breathing after 30 sec of 
breath-holding: 

BHI = MFVbaseline - MFVend 
MFVbaseline 

x 
100 

seconds of breath-holding 

The patient should be able to hold his or 
her breath voluntarily for at least 24 sec and 
preferably for 30 sec. The following steps 
can help the patient complete this task. 
First, explain in detail what needs to be 
accomplished, and demonstrate yourself 
that no major chest excursions should be 
made at the beginning and end of breath
holding. Major chest volume changes asso
ciated with forced breathing change 
intrathoracic pressure and may affect veloc
ity and flow pulsatility. Second, announce 
the duration of breath holding to the 
patient at lO-sec intervals after breath
holding has started. This helps the patient 
to be more confident that he or she can 
complete the task. Use envelope or average 
mean velocities beginning 4 sec after the 
patient resumed breathing (Le ., the opti
mized signals from the entire display if the 
sweep speed was set at 4-5 sec). 

Breath-holding index values of less than 
0.69 are predictive of risk of stroke in 
patients with asymptomatic, severe ICA 
stenoses and symptomatic occlusions.93,94 
If a patient has a reduction in asymptom
atic proximal ICA stenosis diameter of 
70% or more and a BHI less than 0.69, 
his or her risk of subsequent stroke is at 
least three times greater than that of a 
similar patient with normal vasomotor 
reactivity. This information, together with 
other findings such as blunting of the 
MCA waveform,9S plaque morphology26-30 
and emboli, (32) can identify asymp
tomatic patients at particularly high risk of 
stroke who are therefore more suitable for 
surgery. 

Breath-holding with TCD does not 
require any gas monitoring equipment or 
intravenous injections. Although the sub
jectivity of patient effort and the unknowns 
of blood gas concentration potentially limit 
reliability, the BHI has been prospectively 
validated to predict clinical outcomes in 
stenoocclusive ICA disease, and BHI repre
sents a simple screening test that can be 
used in the outpatient clinic to identify 
patients with impaired vasomotor reactiv
ity. Further clinical trials will determine the 
need for bypass surgery based on vasomotor 
reserve findings, particularly in patients 
with chronic ICA occlusions.96 
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Bedside Testing 

Subarachnoid Hemorrhage 

The most common cause of subarachnoid 
hemorrhage (SAH) is spontaneous rupture 
of cerebral aneurysms.97-99 Vasospasm is a 
common complication of SAH that may 
lead to delayed ischemic neurologic def
icits. 100-103 The term vasospasm refers to a 
delayed, sustained contraction of the cere
bral arteries, which can be induced by blood 
products that remain in contact with the 
cerebral vessel wall following subarachnoid 
hemorrhage.100,101 SAH can also occur after 
head injury and following neurosurgical 
operations for other lesions. Post-traumatic 
vasospasm is now increasingly recognized 
as a clinical entity with potentially signifi
cant consequences.103-J 06 Martin and col
leaguesl07 suggested that patients with 
significant post-traumatic subarachnoid 
hemorrhage be examined frequently with 
TCD for the presence of vasospasm as well 
as hypoperfusion or hyperperfusion states 
after brain injury. 

Vasospasm will occur in most patients 
following nontraumatic SAH and will cause 
some degree of vessel narrowing. 100,101, 103 
The clinical severity of SAH, as measured 
with the Hunt-Hess Grades!08 or the 
Glasgow Coma Scale, 109, 1 I0 is generally pre
dictive of vasospasm development and pro
gression to delayed neurological defiCits, as 
are other parameters, including the clot 
burden and hydrocephalus on computed 
tomographyll l and velocity changes on 
TCD.ll2 However, the majority of patients 
with SAH do not develop vessel narrowing 
to the point of reducing blood flow to 
ischemic levels. Most patients develop mild 
or moderate vasospasm that spontaneously 
resolves without significant neurological 
consequences. Severe vasospasm causes 
greater vessel narrowing, with reduction 
of blood flow to an ischemic threshold and 
the development of delayed ischemic 
neurological deficits. lJ3 

One of the first clinical applications of 
TCD was the detection of cerebral 
vasospasm after SAHY4,1l5 Although TCD 
velocity does not allow measurement of 
cerebral blood flow,1 16 TCD can be used to 

1. Detect the onset of asymptomatic 
vasospasm 

2. Follow spasm progreSSion and facil
itate hypertension-hemodilution-hyper
volemia therapy 

3. Identify patients with severe vasospasm 
and select patients for angioplasty/ 
papaverine 

4. Monitor the effect of therapies and 
interventions 

S. Detect spasm resolutionll7-121 
Baseline TCD measurements should be 

obtained in patients with SAH on admission 
and after invasive angiography or surgical 
clipping of the aneurysm. TCD should 
be repeated frequently (daily or every 
other day) throughout the hospital stay. 
Lindegaard and coworkersl l 7  showed that a 
vasospastic MCA usually demonstrates 
velocities greater than 120 cm/sec, with the 
velocity being inversely related to arterial 
diameter. They also showed that velocities 
greater than 200 cm/sec are predictive of 
residual MCA lumen diameter of 1 mm or 
less. (Normal MCA diameter is approxi
mately 3 mm.) 

The changes in TCD velocity have been 
correlated with vessel narrowing measured 
angiographically, and the best correlations 
are in the MCA.1 l 7,118 Sloan and col
leagues122,123 evaluated the sensitivity and 
specificity of TCD for vasospasm in the 
MCA and the vertebrobasilar system. By 
recording velocity in the MCA and extra
cranial ICA with the same 2-MHz trans
ducer, a Lindegaard ratio124,125 (mean MCA 
velocity/mean ICA velocity) can be calcu
lated, which may help to determine spasm 
severity and the relative benefit of hy
peremia or hypertension-hemodilution
hypervolemia therapy. 

Typical proximal vasospasm after SAH 
affects the MCA and the terminal ICA 
(Fig. 5-6), followed in frequency by bilateral 
Al anterior cerebral artery spasm and 
spasm of the basilar artery stem. Newell and 
associates126 showed that vasospasm can 
be limited to distal vascular distributions 
in a relatively small percentage of cases 
and can therefore be missed by TCD. 
Although TCD is insensitive for detecting 
far distal vasospasm (Le., M3 MCA sub
division), distal spasm affecting proximal 
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M2 segments of the MCA can be detected. 
Far distal spasm can often be anticipated 
by the distribution of blood in more 
distal locations on the initial computed 
tomographic scan following subarachnoid 
hemorrhage. 

Although asymptomatic patient selection 
with TCD for early angioplasty to prevent 
the onset of delayed ischemic neurologic 
deficits remains controversial, balloon 
angioplasty, with or without papaverine, is 
the most common endovascular therapy 
employed in the treatment of cerebral 
vasospasm. 127, 128 Two studies performed 
in 2000129, 130 also showed that TCD and 
other variables can be used to monitor 
hypertension-hemodilution-hypervolemia 
therapy and predict outcomes after sub
arachnoid hemorrhage. 

Cerebral Circulatory Arrest 

Brain edema or mass effect can lead to 
increasing intracranial pressure that com
presses small and large intracranial arteries, 
eventually culminating in cerebral circula
tory arrest. Absence of brain perfusion cor
relates with an oscillating (reverberating) 
flow pattern, systolic spike, or absent flow 
signals in basal cerebral arteries. l3l-143 The 
term oscillating flow Signal means that blood 
pushed intracranially during systoli is 
pushed out of the brain during diastoli (Fig. 
5-7) . This state of cerebral circulatory arrest 
leads to brain death that is established as a 
clinical diagnosis. 144 TCD is a reliable tool 
for confirming brain death through the 
demonstration of cerebral circulatory arrest, 
with accuracy parameters close to 100% at 
experienced centers. l3l-143 

Based on previous published reports 131-143 
and our own clinical experience, we have 
developed the following algorithm if cere
bral Circulatory arrest is suspected: 
1 .  Document arterial blood pressure at the 

time of TCD examination. 
2. Positive (toward the brain) MCA or 

basilar artery end-diastolic flow means 
no cerebral circulatory arrest. 

3. Absent end-diastolic flow means uncer
tain cerebral Circulatory arrest (too early 
or too late) . 

4. Reversed minimal end-diastolic flow 
means possible cerebral circulatory arrest 
(continue monitoring) . 

5 .  Reverberating flow means probable cere
bral Circulatory arrest. (Confirm in both 
MCAs at 50-60 mm and basilar artery 
at 80-90 mm, then monitor arrest for 
30 min.) 

Transcranial Doppler cannot be used 
exclusively to diagnose brain death, since 
this is a clinical diagnosis.144 As a confirma
tory tool, TCD can be used to demonstrate 
cerebral Circulatory arrest in adults and 
children, except in infants younger than 6 
months. 13 I-1 43 TCD can be used to monitor 
progressive flow changes toward cerebral 
circulatory arrest. Once a reverberating 
signal is found, it should be monitored for 
at least 30 min in both MCAs and the basilar 
artery to avoid false-positive findings. Also, 
avoid insonation of arterial bifurcations; 
i .e. ,  MCA/anterior cerebral artery, since bidi
rectional, reverberating signals may overlap, 
creating an illusion of positive end-diastolic 
flow. 

Transcranial Doppler can also be used to 
determine the appropriate time for other 
confirmatory tests (Le., to minimize the 
need for nuclear flow studies with residual 
cerebral blood flow, often required by organ 
harvesting transplant protocols) and to 
discuss the consequent issues with the 
patient's family. 

Acute Ischemic Stroke 

Intravenous TPA is currently the only Food 
and Drug Administration-approved therapy 
for ischemic stroke, but TPA must be admin
istered within 3 hr from symptom onset.5 
Non-contrast computed tomography is the 
first-line imaging test for differentiation of 
hemorrhagic and ischemic events. Based on 
clinical and computed tomography exami
nations, TPA can be given without con
firmation of the presence of an arterial 
occlusion.5 However, this treatment strat
egy, without confirmation of arterial occlu
sion, has been criticized.145 More centers are 
now attempting vascular imaging to deter
mine the presence, or persistence, of occlu
sion or reocclusion that has been linked to 
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- - Transcranial Doppler 
UT . 

I , 

S T A T 
Stroke Treatment Team Patient Information: 45 y.o. woman 

Day 2 3 4 5 6 

Time 15:00 1 1: 15 1 0:20 09:30 08:00 

dMCA 62/0.8 9 1/0.8 1 25/0.8 1 63/0.7 1 7210.6 

- pMCA 65/0.9 1 00/0.9 1 36/0.7 1 77/0.8 200/0.7 
� ACA 58/0.8 78/0.9 9 1/0 .8 10210.8 130/0.8 Cl 
� PCA 34/1. 1  38/1. 1 47/1.0 45/1.0 52/1.0 

VA 30/1.2 33/1.2 4 1 /1 . 1  40/ 1 . 1  4211. 1 

ICA/ratio 30/2 35/2.6 38/3.6 47/3.8 45/4.4 

dMCA 55/1.0 67/0. 9  7710.9 75/0.9 89/0.8 

pMCA 68/0.7 73/0.8 8 1 /0 .9  88/0 .9 1 1 0/0.8 
� ACA 67/0.8 8210.8 83/0.7 1 13/0. 7 14210.6 C1I ..J PCA 4 1/1.0 42/1.0 38/0.9 48/1.0 45/1.0 

VA 35/0.9 37/0.8 39/1.0 45/0.9 43/1.0 

ICA/ratio 35/1.9 36/2.6 38/2 43/2 47/2.3 

dBA 48/0.9 45/1 .0 49/1 .0 5 1/ 1 . 1  48/ 1 .0 

pBA 5 1/0 .8 50/0.9 54/1. 1 49/1.0 54/1. 1  

MABP 93 91 93 1 10 1 1 2 

ICP 8 6 8 10 9 

CVP 5 4 5 1 1  12 

Wedge 9 7 9 1 5  1 6  

Card. output 3.7 3.2 3 .6 4.8 4.9 

Hematocrit 39 38 37 33 32 

Cardiac index 2.3 2.0 2.3 3 .0 3 . 1  

H H H  (y/no) no no no yes yes 

SAH 

7 

08:00 
1 65/0.6 
21 210.6 
152/0 .7 

55/0.9 

47/1.2 

37/5 .7 

97/0.8 

1 15/0. 7 
148/0.6 

47/1.0 

38/1.0 

45/2.6 

56/0 .8 

64/0 . 9  

123 

8 

12 

16 

5 . 1  

32 

3 .2 

yes 

S T A T  Neurosonology Service 
phone (71 3) 500 ••••  pager (71 3) 648 ••••  

R Pcomm aneurysm H-H Grade I I  Day 0 :  03/25/03 

8 9 1 0  1 1  1 2  1 3  1 4  

08:00 09:00 1 0: 15 1 1:00 1 1:30 

1 78/0.5 108/0.9 100/0 .9 10 1/0.9 99/0.9 d/e 

259/0.5 1 1210.8 1 07/0.9 105/0.9 108/0.9 

163/0.6 9210 .8 83/0.8 85/0.7 87/0.8 

63/0.8 6010 .9 63/0.9 57/1.0 50/0 .9 

4010.9 5 1/1. 1 43/ 1 .0 47/1.0 43/1.2 

33n.8 50/2.2 5 1/2 . 1  45/2.3 50/2.2 

93/0. 9  74/0.8 79/0.8 8 1/0 .8 79/0.9 

1 1210.8 86/0.9 84/1.0 90/0 .8 85/1 .0 

135/0.6 100/0.8 8210.8 89/0.7 9 1/0.8 

45/1.0 43/ 1 . 1  47/1.0 39/1.0 40/0.9 

43/0.8 44/1.0 47/1. 1  4210 .9 45/0.9 

46/2.4 49/1.8 45/ 1 .9 47/1.9 43/2 

68/0 .8 60/1.0 55/1.0 53/1.0 5 1 /0.9 

75/0.9 63/1. 1 60/1. 1 59/1. 1 63/1.0 

129 94 9 1  92 90 

8 6 d/e 

12 9 7 6 die 

16 13 1 2  10 d/e 

5.2 4.5 4.2 4.0 d/e 

3 1  32 33 33 34 

3 . 3  2 . 8  2.6 2.5 die 

yes no no no no 

1 5  
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FIGURE 5-6. Typical course of the terminal internal carotid artery (ICA)/middle carotid artery (MCA) vasospasm 
on daily transcranial Doppler monitoring in a 45-year-old woman with a right posterior communicating artery 
aneurysm clipped on day 2 after headache onset. Data are shown as mean flow velocity/pulsatility index (MFV/PI). 
The bold numbers indicate MFVs and Lindegaard ratios that are diagnostic of spasm in the right terminal ICA/ 
MCA. The bold italic values offer indirect evidence of vasospasm due to compensatory velocity increase or mild 
spasm development on the contralateral side. The bold values show early increase of velocities predictive of spasm 
development. 

Daily interpretation: Day 2: Baseline normal values; no vasospasm. Day 3: Slight increase of mean flow veloci
ties on the side of aneurysm; no significant vasospasm. 

Day 4: Mild vasospasm; elevated velocities and Lindegaard ratio right MCA and anterior carotid artery (ACA) 
(suggests terminal ICA /MCA vasospasm location) . Days 5 and 6: Low to moderate right terminal ICA/MCA 
vasospasm with unilateral and contralateral velocity increase. The latter may be from compensatory flow or mild 
left ACA/MCA vasospasm. 

Days 7 and 8: Moderate (day 7) and severe (day 8) right terminal ICA/MCA vasospasm. 
Day 9: No significant vasospasm after balloon angioplasty; hyperemic velocity/ratio values. Days 10-12: No 

vasospasm; low resistance flows after discontinuation of ventricular drainage. 
(Case presentation developed with Dr. Anne Wojner.) 
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Absent 

Minimal 

Blunted 

Dampened 

Stenotic 

Normal 

FIGURE 5-7. Acute thromboembolism of the middle cerebral artery (MCA; upper left image obtained during inva
sive angiography). Lower left image, Residual flow signals at acute MCA occlusion location by power M-mode 
Doppler. Right images, The Thrombolysis in Brain Ischemia (TIEl) flow grading system. 

poor prognosis and may necessitate fur
ther (experimental) intra-arterial interven
tions.146.147 Various tests can be used for this 
purpose, including invasive digital subtrac
tion angiography, magnetic resonance 
angiography, computed tomographic an
giography, and ultrasound.14S.149 Ultra
sound has an advantage of being a quick 
and inexpensive method for patency assess
ment and monitoring that can be used at 
the bedside. The key to the application of 
trans cranial ultrasound in the often rest
less acute stroke patient is a "fast-track" 
insonation protocol. ISO An experienced 
sonographer can use this method, guided by 
a physician's clinical assessment, to deter
mine the presence and location of intra
cranial occlusion within minutes. Bedside 
assessment should begin with TCD, since 
acute arterial obstruction that is responsible 
for cerebral ischemia is almost always 
intracranial. Once completed, the TCD 
examination can be supplemented with a 

rapid carotid/vertebral duplex assessment 
to determine the presence of an extracranial 
stenosis of 50% or more, an extra cranial 
thrombus, or a thrombus, which is often 
the cause of artery-to-artery embolism or 
hypoperfusion. As compared with emer
gency catheter angiography, the accuracy of 
combined intracranial and extracranial 
ultrasound examination, performed by 
expert sonographers in the emergency 
department, can be 100% for detection of 
lesions amenable to intervention. lSI 

Transcranial Doppler Criteria for 
Acute Arterial Occlusion 

Previously published criteria for intra
cranial occlusions focused on the absence of 
flow signals at a presumed thrombus loca
tion or velocity asymmetry between homo
logous segments, mostly the MCAs. IS2-IS4 
Indeed, complete arterial occlusion should 
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produce no detectable flow signals, as well 
as dampening of velocity in the proximal 
vessels. This is the case with chromic 
extra cranial occlusions found in the ICA 
with duplex ultrasound. However with 
acute intracranial occlusion, some residual 
flow to or around the thrombus may exist 
due to its irregular shape, relatively soft 
thrombus composition, and elevated sys
tolic pressures that cause additional disten
sion of muscular arterial walls. An acute 
occlusion, therefore, may produce a variety 
of waveforms representing this residual 
flow. 155 

The Thrombolysis in Myocardial Infarc
tion (TIMI) flow grading system was devel
oped to assess the residual flow in coronary 
vessels with invasive angiography. ls6 The 
amount of residual flow predicts the success 
of both coronary and intracranial throm
bolysis,IS6,IS7 since TPA binds to fibr�n sites 
at the thrombus surface in proportion to its 
plasma concentration and the residual flow 
(Fig. 5-7). Increasing amounts of residual 
flow bring more TPA to the thrombus. We 
have developed the Thrombolysis in Brain 
Ischemia (TIBI) flow grading system to 
evaluate residual flow noninvasively and 
to monitor thrombus dissolution in real 
time. ISS The TIBI system expands ptevious 
definitions of acute arterial occlusion by 
focusing the examiner's attention on rela
tively weak signals with abnormal flow 
waveforms that can be found along arterial 
stems filled with thrombi (Fig. 5-7). TIBI 
flow grades correlate with stroke severity 
and mortality, as well as the likelihood of 
recanalization and clinical improvement. ISS 

Recently, an angiographic classification spe
cific to intracranial vessels was proposed, 
called the Thrombolysis In Cerebral Infarc
tion (TICI) system.1S8 

Acute intracranial arterial occlusion is 
a dynamic process, since thrombus can 
propagate, break up, or rebuild within 
seconds or minutes, thereby changing the 
degree of arterial obstruction and affecting 
the correlation between ultrasound and 
angiography. When the term acute occlusion 
is applied to the interpretation of ultra
sound findings, it means that there is a 
hemodynamically significant obstruction 
to flow and that if urgent angiography is 

performed, it will likely show an arterial 
lesion amendable to intervention. This 
lesion may be a complete occlusion (TIMI 
grades 0-1)  or a partial occlusion corre
sponding to TIMI grade 2. The presence of 
a large vessel occlusion on TCD has to be 
confirmed by other findings, such as flow 
diversion to a branching vessel or a collat
eral channel. 

Furthermore, ultrasound may suggest 
that more than one occlusion is present in 
the same patient; i .e. , tandem lesions in 
the ICA and MCA. Tandem lesions are sus
pected when an abnormal TIBI flow grade is 
found in the MCA with signs of collateral
ization of flow via major channels (such as 
the anterior or posterior communicating 
artery, reversed ophthalmic artery flow) or 
when duplex ultrasound indicates the pres
ence of an additional extracranial arterial 
lesion. 159 

Bedside ultrasound examination in acute 
cerebral ischemia can help to 
l. Identify thrombus presence 
2. Determine thrombus location(s) 
3. Assess collateral supply 
4. Find the worst residual flow signal 
5. Monitor recanalization and reocclusion 

Transcranial Doppler Monitoring 
and Ultrasound-Enhanced 
Thrombolysis 

Transcranial Doppler monitoring of nor
mothermic patients with acute ischemic 
stroke is safe: 160 In our prospective studies, 
2 hr of TCD monitoring using Food and 
Drug Administration-approved devices set 
at full power at given insonation depth and 
tight transducer fixation resulted in hemor
rhage rates lower than can be expected from 
the pivotal NlNDS-rt-PA Stroke Study. Using 
TCD or transcranial duplex imaging, the 
evolution of MCA occlusion can be fol
lowed in real time and the recanalization 
process can be measured.161-165 Early recanal
ization leads to clinical recovery from 
stroke, and ultrasound can identify early 
responders to thrombolytic therapyl64-166 as 
well as patients with persisting arterial 
occlusion or reocclusion 146,147 (Figure 5-8) . 
Furthermore, ultrasound aimed at the re-
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FIGURE 5-8. Examples of complete recanalization (upper row) and reocclusion (bottom row) during tissue plas
minogen activator (TPA) infusion in acute ischemic stroke patients. Time-corresponding neurologic changes are 
described using the National Institutes of Health Stroke Scale (NIHSS). MFY, mean flow velocity. 

sidual flow/thrombus interface can be used 
to further enhance the therapeutic activity 
of TPA. 

In vitro and in vivo experiments showed 
that continuous thrombus exposure to ultra
sound in the KHz-to-low-MHz frequency 
range enhances TPA activity. 167-171 Several 
mechanisms of ultrasound -enhanced throm
bolysis were identified, including 
1. Reversible disaggregation of uncross

linked fibrin fibers167 
2. Microcavity formation in the shallow 

layer of thrombus168 
3. Increased enzymatic transport of 

TPA169,170 
4. Increased plasma flow through fibrin 

clots171 
These effects of ultrasound improve pen

etration of TPA through the thrombus, 
thereby increasing the overall amount of 
TPA effectively delivered to the binding sites 
along the thrombus. 

In a human cadaver skull model,172 ultra
sound shortened time to recanalization as 
follows: TPA alone, 29 min; TPA with I -MHz 
commercial TCD, 1 7  min; and TPA with 

ISS-KHz pulsed ultrasound, 14  min (p < 
0.01).  Significant flow improvement was 
demonstrated within 10 min of insonation 
with ISS-KHz ultrasound, inducing faster 
reperfusion compared with I -MHz ultra
sound. Although KHz frequencies better 
facilitate TPA-induced lysis, as compared 
with MHz frequencies, probably due to 
better skull penetration,1 72 the concern 
remains that longer wavelength of KHz 
ultrasound makes the effect more mechan
ically driven, causing thrombus and sur
rounding tissues to vibrate and stretch. The 
clinical phase II trial of low- and mid-KHz 
frequencies to enhance systemiC TPA 
therapy, called THRUMBI, 173 was halted 
because of an unacceptably high rate of 
symptomatic hemorrhage (Daffersthoffer 
M, personal communication). On the con
trary, MHz frequencies have shorter wave
length and shorter path, and therefore, 
pressure waves can be focused on the 
thrombus/residual flow interface, leaving 
brain structures unaffected. 

Based on our pilot clinical studies, 160,166 
we designed the CLOTBUST trial (Com-
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CHAPTER 5 The Role of Ultrasound in the Management of Cerebrovascular Disease 

bined Lysis of Thrombus in Brain ischemia 
using transcranial Ultrasound and Systemic 
TPA) . In this multicenter, phase II random
ized clinical trial, we sought to determine 
the rates of complete recanalization and 
early dramatic recovery, as well as the rate 
of symptomatic intracerebral hemorrhage 
in patients receiving thrombolysis as well as 
externally applied TCD, as compared with 
systemic thrombolysis without continuous 
ultrasound monitoring. TPA infusion com
bined with 2 hours of TCD monitoring 
results in 19% more patients experiencing 
complete recanalization or dramatic clinical 
recovery from stroke. This trial confirms 
positive biological activity of 2 MHz diag
nostic ultrasound aiding systemic throm
bolytic therapy. 174 
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C h a pte r 
6 

Nornlal Cerebrovascular Anatomy 
and Collateral Pathwa 

The vascular system of the human brain 
differs significantly, both anatomically and 
physiologically, from other organs in the 
body. Although it accounts for only 2% of 
the body weight, the brain receives 15% 
of the cardiac output and consumes 20% of 
the body's oxygen supply in the basal state. 1  
Cerebral arteries are little influenced by 
sympathetic nerves, unlike other arteries, 
but they are markedly affected by chemical 
changes in the blood. 

Obstructive disease afflicting the cere
brovascular system can produce a wide 
array of sometimes ambiguous symptoms. 
Clinicians must attempt to identify the 
exact areas involved in the disease process; 
however, this is often made difficult by 
individual variability in the cerebral vascu
lature. Indeed, the extent of clinical symp
toms is entirely dependent on the ability of 
the collateral circulation to maintain ade
quate cerebral perfusion. Therefore, under
standing the normal and collateral anatomy 
and the mechanisms of cerebral blood flow 
is essential to the diagnosis of obstructive 
disease in the cerebrovascular system. 

This chapter addresses the anatomic and 
physiologic principles that influence the 
investigation of the vascular supply to the 
brain. It is important to stress the signifi
cance of appreciating the hemodynamics of 
the brain. Individuals vary considerably in 
their ability to compensate for alterations in 
cerebral blood flow, and the physician must 
be aware of the potential mechanisms for 
cerebrovascular collateralization to carry 
out a judicious evaluation protocol. 

As new treatment modalities become 
available for both extracranial and intra-

cranial pathologies, a basic appreciation of 
normal anatomy, congenital variations, and 
collateral vascular pathways is extremely 
important. Angioplasty and stenting are 
now being used frequently to treat intra
cranial atherosclerotic disease, aneurysms, 
and stroke, and these techniques reqUire 
extremely specialized knowledge of the 
vascular anatomy. 

VASCULAR ANATOMY 

The brain is supplied directly by four 
vessels: the two internal carotid arteries 
and the vertebral arteries. Any discussion of 
the cerebrovascular system must begin at 
the origins of these vessels, because obstruc
tive disease, stenoses, ulcerative plaques, 
aneurysms, or anomalies anywhere in these 
arteries may produce a stroke or symptoms 
of vascular insufficiency. 

The blood supply for the central nervous 
system 1-3 derives from the three great vessels 
arising from the aortic arch in the superior 
mediastinum-the brachiocephalic, the left 
common carotid, and the left subclavian 
arteries (Fig. 6-1) .  The brachiocephalic 
artery travels upward, slightly posterior 
from the arch to the right of the neck for its 
4- to 5-cm length, dividing into the right 
common carotid artery and the right sub
clavian artery at the upper border of the 
right sternoclavicular junction. The left 
common carotid artery ascends from the 
arch and passes beneath the left sternoclav
icular jOint. Neither common carotid has 
collateral branches, but each divid�s into 
the Internal and external carotid arteries at 
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Anterior cerebral a. 

Middle 

FIGURE 6-1 , E 'l ra ran i a l  c r bro 
vascu l il r anal  m �howi n ' milio 

----+- Common carotid art r ia l I a t h wa � to t h e  I)ra i n ,  

Origins of 
brachiocephalic, 

common carotid and 
subclavian aa, 

the level of the upper border of the thyroid 
cartilage. 

The internal carotids supply most of the 
anterior circulation to the cerebrum (Fig. 
6-2). In their cervical portion, the internal 
carotid arteries may be relatively straight or 
may curve tortuously as they travel to the 
base of the skull. There are no branches of 
the internal carotid arteries in the neck. As 
they proceed intracranially, the internal 
carotid arteries give rise to the caroticotym
panic branches in the petrous bone, the 
meningohypophyseal branches in the cav
ernous sinus region, and the ophthalmic 
arteries immediately distal to the cavernous 
sinus. Eight millimeters beyond the clinoid 
process, within the dura mater, the internal 
carotid arteries give rise to the posterior 
communicating arteries, which join with 
the posterior cerebral arteries. Further 
cephalad, the internal carotid arteries divide 
into the middle and anterior cerebral arter-

artery bifurcation 

ies and give rise posteriorly to the anterior 
choroidal arteries. 

The external carotid arteries normally 
supply no blood to the brain. However, 
several of their branches can become impor
tant collateral pathways if occlusion occurs 
in the internal carotid or vertebral arteries. 
The branches of the external carotid artery 
are the ascending pharyngeal, the superior 
thyroid, the lingual, the external maxillary, 
the OCCipital, the facial, the posterior auric
ular, the internal maxillary, the transverse 
facial, and the superficial temporal arteries. 
The external carotid branches most vital to 
collateral circulation are those in commu
nication with the ophthalmic artery and 
those that interconnect between the mus
cular branches of the OCCipital and vertebral 
arteries (Fig. 6-3). 

The posterior circulation to the brain is 
supplied in large part by the vertebral arter
ies arising from the subclavian arteries. The 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


....----------------------------------, r---1 CHAPTER 6 Normal Cerebrovascular Anatomy and Collateral Pathways 1 135 ! � ____________________________________ � __________________________________ � L_� 

��r-\------ Circle of Will is 

--...--lH--+I---- Anterior cerebral aa. 

,.,....---'-'�r----I-t---- Anterior communicating aa. 
�¥------h'----- Middle cerebral a. 

"���""----,fH----- Posterior communicating aa. 
�Y:�------ hlrr---- Posterior cerebral a .  

�.,...::.-----------.,.....lo..,;;:--- Basilar a.  

*='-----''+ __ =-�....;;;:=--------/-+-- Vertebral a .  

-I-I'--Jr----'--------I---- Ca rot id a .  

FIGURE 6-2. Intracranial cerebrovascular anatomy showing anastomotic connections of  the circle of  Willis. Note 
that the principal blood supply to intracranial structures is through the carotid arteries. 

vertebrals lie within the foramina transver
sarium of the upper cervical vertebrae and 
wind anteriorly into the subarachnoid space 
at the side of the medulla oblongata at 
the level of the atlanto-occipital interspace. 
They proceed cephalad and anteriorly until 
they reach the pontomedullary level, where 
they join to form the basilar artery. Four 
branches arise from the basilar artery as it 
courses upward before dividing into the 
posterior cerebral arteries. Branches of the 
basilar artery supply the entire pons and 
the superior and anterior aspects of the cere
bellum. Branches of the vertebral arteries 
supply the medulla and the interior surface 
of the cerebellum. 

The cerebral branches of the internal 
carotids and vertebral arteries are joined at 

the base of the brain by an arterial circle 
known as the circle of Willis. This anasto
mosis is the most important element in 
intracranial collateral circulation and is also 
a common site of aneurysmal formation. It 
is a hexagonal arrangement of arteries com
posed of the anterior, middle, and posterior 
cerebral arteries, which are joined together 
by the anterior and posterior communicat
ing arteries (see Fig. 6-2) . Under normal 
Circumstances, there is little mixing of 
blood through the communicating arteries. 
However, in instances of arterial occlusion 
in carotid or vertebrobasilar vessels, this 
circle opens to function as a vital collateral 
pathway (see later) . 

Component arteries of the circle of Willis 
can vary greatly in size, and there are at least 
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Occipital branch of 
external carotid artery ---"'.".... ... 

Atlantic branch of 'f!!!!:i��� 
vertebral artery ---����� 

Deep cervical branch 
of subclavian artery ---�;ft�� 

Ascending branch 
of superficial cervical 

artery ----r':=:Jir"'\. 

,. .... .......:��-- Frontal branch of 
superficial temporal artery 

Mf-7I:�-- Supraorbital artery 

'V--+--- Dorsal nasal branch 
of opthalmic artery 

-------- External carotid artery 

C1981 . V A S  ..  Inc. 

FIGURE 6-3. Extracranial cerebrovascular anatomy. Note the anastomotic connections between the external and 
internal carotid arteries and among the OCCipital, cervical, and vertebral arteries. 

nine congenital variations in the structure 
of the circle (Fig. 6-4) . The most common 
anomalies involve the absence or hypopla
sia of one or both communicating arteries. 
An anomalous origin of the posterior cere
bral artery from one or both internal carotid 
arteries has also been commonly encoun
tered. Anomalies in the anterior portion 
of the circle are less commonly found, 
although among these, absence or hypopla
sia of the proximal segment of the anterior 
cerebral artery between the internal carotid 
and anterior communicating arteries is 
more usual. Among the variations, the most 
Significant in terms of decreasing collateral 
potential are those in which the anterior or 
posterior communicating arteries are absent 
or impervious. These conditions may isolate 
the anterior and posterior circulations or 
the left and right hemispheric carotid ter
ritories. 

Normal arch formation is shown in Figure 
6-SA. Anomalous formations can occur in 
the extra cranial circulation, most com
monly involving the origins of the carotid 
and vertebral arteries. Most frequent is a 

sharing or close association between of the 
origin of the brachiocephalic artery with the 
left common carotid artery (Fig. 6-SB). Less 
often, the left common carotid artery may 
arise from the brachiocephalic artery (Fig. 
6-SC). Also seen is the anomalous origin of 
the left vertebral artery on the aortic arch 
between the left common carotid and sub
clavian arteries (Fig. 6-SD) . Rarely, the right 
subclavian artery may have an aberrant 
origin on the aortic arch. Other abnormali
ties may occur in the cervical region, such 
as agenesiS of the internal carotid arteries, 
but these are rare. Abnormalities in the ver
tebral arteries are usually limited to varia
tions in size between the left and right, a 
common occurrence. 

CEREBRAL HEMODYNAMICS 

Before discussing the potential collateral 
pathways in the cerebrovascular system, it 
is best to explain the dynamiCS of cerebral 
blood fiOW1,4 to help gain an appreciation of 
the importance of collateralization. 
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FIGURE 6-4. Nine of the possible 
configurations of the circle of 
Willis, the most important cere· 
brovascular collateral pathway. 
The center drawing depicts one 
configuration in which there 
is no communication between 
the anterior (AC) and posterior 
(PC) circulation. ICa, internal 
carotid artery; MCa, middle cere· 
bral artery; PCa, posterior cerebral 
artery. 

R. vertebral a. +--I--� 

Brachiocephalic a. 

L. vertebral a. 

L. subclavian a. 

A 

c 

©1 981 ,  V.A.S., Inc. 

B 

D 
FIGURE 6-5. A, Normal arch configuration. B, Sharing or close association of the origin of the brachiocephalic 
artery with the left common carotid artery. C, Left common carotid artery arising from the brachiocephalic artery. 
D, Anomalous origin of the left vertebral artery on the aortic arch between the left common carotid and sub· 
clavian arteries. 
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Despite the brain's large apportionment 
of the body's blood supply (15% of the 
cardiac output), there is little circulatory 
reserve because of the brain's high meta
bolic rate. Furthermore, the brain has no 
significant oxygen or glucose stores, making 
it entirely dependent on the vascular system 
for maintenance. 1,2 This is why even short 
episodes of interrupted cerebral flow can 
bring on symptoms of cerebral dysfunction, 
and cellular death can occur within 3 to 8 
minutes of vascular failure. 

Extrinsically, cerebral blood flow varies 
with the effective arterial perfusion pres
sure. Adequate perfusion relies on systemic 
blood pressure, cardiac output, and blood 
volume. ·  Within the range of fluctuation 
possible for these extrinsic factors, blood 
flow can be modulated by a group of intrin
sic factors that control cerebral vascular 
resistance. Among these factors are intra
cranial pressure, arterial oxygen tension, 
carbon dioxide tension, blood viscosity, and 
vascular tone. Although the cerebral vessels 
are supplied with nerves, there has been 
little evidence that they play other than a 
minor role in controlling blood flow. 
Oxygen and carbon dioxide concentrations 
play the greatest roles in modulating cere
brovascular resistance, with carbon dioxide 
being the more significant factor. 

Variations in cerebral blood gas concen
trations serve to provide constant blood 
flow within a wide range of systemic pres
sures and also provide local control to areas 
with varying demands. 1 For instance, if the 
brain requires more oxygen than is being 
supplied, it produces more carbon dioxide. 
This increase in carbon dioxide causes 
vasodilatation and increases blood flow 
until enough oxygen has been supplied to 
reduce the carbon dioxide concentration. 
This effect can happen either globally or 
locally. 

Compensatory cerebral vasodilatation is 
also the mechanism that maintains cerebral 
blood flow when cerebral perfusion pres
sure drops as a person assumes an upright 
position. However, if the circulation is com
promised by atherosclerotic disease, com
pensation may be insufficient, leading to 
symptoms of regional or diffuse hypoxia or 
anoxia. 

COLLATERALIZATION 

The vital role of collateral circulation in 
vascular occlusion has been appreciated 
for more than a century, but its involve
ment in cerebrovascular occlusive disease 
has become an increasingly important 
consideration as treatment of extra cranial 
and intracranial pathologies has become 
more common. The advent of angiogra
phy4-6 certainly improved our understand
ing of treatment options and, more re
cently, other diagnostic techniques such as 
duplex ultrasound, four-vessel selective 
arch intracranial angiography, and mag
netic resonance angiography (MRA) have 
all provided us with a better appreciation 
of the existence and importance of collat
eral pathways. Clinicians evaluating symp
toms of cerebrovascular insufficiency or 
other pathologies must be aware of the 
extent of (or lack of) collateral circulation 
as they prepare for modern interventional 
procedures.  For example, when contem
plating carotid stenting with embolic pro
tection, one must consider the condition 
of the contralateral internal carotid artery 
and its contribution to the intracranial 
circulation (Fig. 6-6) . In the presence of 
contralateral internal carotid artery occlu
sion, the cerebral protection device most 
likely should be one that permits continued 
flow on the ipsilateral side during the 
procedure. 

It was once believed that arteries in the 
brain were end arteries, but it is now known 
that capillary and precapillary anastomoses 
are common. To appreciate these collateral 
pathways better, it should be noted that 
there are two types of arterial branches sup
plying the brain. The more important types 
in terms of neuronal function and nutrient 
supply for the central nervous system are 
the penetrating arteries. However, it is the 
diffuse circumferential or superficial arteries 
that spread over the entire surface of the 
cervical hemispheres, brain stem, and spinal 
cord through which collateral circulation 
takes place. The circle of Willis and the 
major arterial trunks are included in this 
superficial system. 

The routes for intracranial collateral 
circulation can be divided into three 
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CHAPTER 6 Normal Cerebrovascular Anatomy and Collateral Pathways 
�--------------�--------------------�--------------� 

Obstructing 
atherosclerotic 

plaque R ICA -!--',..:.t,.-., 

A 

B c o 
FIGURE 6-6. A, Obstructing atherosclerotic plaque in the right internal carotid artery and an occluded left inter
nal carotid artery. B, Proposed treatment is internal carotid artery stenting with embolic protection. C, Balloon 
occlusive device eliminates flow. D, Filter device permits flow while trapping emboli and is probably a better choice 
in this case. 

categories: large interarterial connections, 
intracranial-extracranial anastomoses, and 
small interarterial communications. The 
major pathway is the circle of Willis, pro
viding communication · between the two 
carotid arteries or between the basilar artery 
and the right or left carotid artery. As 
described earlier, the anatomic variations 
possible within this arterial circle are 

normally of little importance unless occlu
sion in one of the cervical vessels occurs, 
demanding collateral blood flow. 

Second only to the circle of Willis in 
importance are the complex intracranial
extra cranial or prewillisian anastomoses. 
Perhaps the best-known prewillisian anas
tomosis is that between the external and 
internal carotid arteries, through the orbital 

f13�·1 
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and ophthalmic arteries. Other external
to-internal carotid collaterals include the 
meningohypophyseal and caroticotym
panic branches. Additional important 
prewillisian anastomoses may be encoun
tered clinically, including the following: (1) 
the occipital branch of the external carotid 
artery in communication with the atlantic 
branch of the verteblal artery; (2) the deep 
cervical and ascending cervical branches 
of the subclavian artery connecting with 
branches of the lower vertebral artery, the 
atlantic branch of the upper vertebral 
artery, and the occipital branch of the inter
nal carotid artery; and (3) the external 
carotid arteries communicating across the 
midline. Also included in the prewillisian 
group is the rete mira bile or "wonderful 
net" of trans dural anastomoses across the 
subdural space from the dural arteries to 
arteries on the surface of the brain. 

Of lesser importance are the lepto
meningeal collaterals forming the menin
geal border zone network. These connect 
the terminal cortical branches of the main 
cerebral arteries across the border zones 
along each vascular territory. Although 
these are not major collateral pathways, 
they may be sufficiently developed to inter
fere with the diagnosis of cerebrovascular 
insufficiency. Indeed, arterial occlusions 
may not become symptomatic because of 
adequate perfusion by the leptomeningeal 
anastomoses in the portion of the throm
bosed artery's distribution. Similarly, excel
lent collateral flow around a thrombosed 
cortical vessel may induce rapid clearing of 
a neurologiC deficit, leading the clinician to 
believe an extracranial occlusive process is 
involved. 

It should be noted that there are no effec
tive anastomotic pathways between neigh
boring cerebral artery branches, deep 
penetrating arteries, or the superficial and 
deep branches of the cerebral arteries. 

The opening of collateral pathways is 
dependent largely on the age of the indi
vidual and the time sequence of occlusion. 
In older individuals, collateral pathways 
are more likely to be hypoplastic or 
involved in the atherosclerotic process. 
Even collateral vessels of sufficient luminal 
size are often not able to adapt rapidly 

enough to sudden occlUSions, such as from 
embolism. Hence, collateral flow has a 
better chance of developing adequately in 
persons with slowly evolving atheroscle
rotic occlusions. When multiple atheroscle
rotic lesions are present, the adequacy of the 
collateral channels may be greatly lessened. 
Also affecting the adequacy of a collateral 
bed are the availability of multiple rather 
than single collateral sources and the patho
logic conditions of the vessels, reducing 
their capacity for dilation. 

Extracranially, there are numerous cervic
ocranial collaterals. Occlusion of an internal 
carotid produces collateral circulation to the 
carotid Siphon through the external carotid 
and ophthalmic arteries (Fig. 6-7) . The ante
rior and middle cerebral arteries in this case 
are also supplied from the opposite anterior 
cerebral artery and the posterior cerebral 
artery through the anterior and posterior 
communicating arteries. In the case of ver
tebral occlusion near its origin (Fig. 6-8), 
flow is shunted to the thyrocervical and 
costocervical axes, with compensatory 
enlargement of the opposite vertebral 
artery. Collateral circulation arising from 
occlusion of large branches of the aortic 
arch is through the intercostal and internal 
mammary arteries to the subclavian, and 
then through the branches of the thyrocer
vical and costocervical axes to the vertebral 
and carotid arteries (Fig. 6-9). 

Historically, a number of procedures 
have been used to judge collateral flow. 
The Simplest method of estimating intra
cranial collateral potential was a s-minute 
common carotid compression test. Today, 
though, with the advent of angiography 
and magnetiC resonance angiography tech
niques, such procedures are rarely used. 
Indeed, the ability to actually visualize col
lateral flow in pathologic conditions and 
create a "road map" for interventional cor
rection has changed diagnosis and treat
ment conSiderably. 

CONCLUSIONS 

The vascular system of the human brain 
can be afflicted by obstructive disease, 
which produces a variety of often nebulous 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


"--___ C_HA_PT
_ER_6 

__ N_o_r_m_a_I_C_e_re_b_r_o_va_s_c_u_la_r_A_n_a_to_m
_

y_a_n_d_C_o_I_la_t_e_ra_l_p_a_th_w_a_y_s ___ ....J G!� 
Dorsal nasal branch 
of opthalmic artery 

Frontal branch of superficial 
temporal artery 

Anterior cerebral artery ---'-------, 

Middle cerebral artery -�----_ .. 
Posterior communicating 

artery -!...-���� 

Atlanto-occipital route 

Cl 8 1 . V A.S . lnc. 

1:.:�t��-- Supraorbital branch of l opthalmic artery 
;;'''114' \;:--f-- Angular branch of 

external maxillary artery 

'" ,-.----,111--- Superficial temporal artery 

' '''--- External carotid artery 
H-'--- Occluded internal carotid artery 

F,GURE 6-7. Major external carotid and vertebral collateral pathways associated with internal carotid occlusion. 

symptoms. In attempting to evaluate these 
symptoms and define the areas of disease 
involvement, the clinician must have 
a thorough knowledge of the vascular 
anatomy and an appreciation of the indi
vidual variability that may be encountered. 

The physician must also be cognizant of 
cerebral hemodynamics and the availability 
of collateral flow to interpret test results, 
characterize symptoms, and arrive at an 
accurate diagnosis. Modern treatments 
using endoluminal technologies have 

Ascending branch of 
superficial cervical artery 

Occluded left 
vertebral artery 

FIGURE 6-8. Major collateral pathways 
in vertebral occlusion. 

Costocervical artery 
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Right vertebral artery 
Costocervical artery 
(Superficial branch) 

..-1IIIlF----- Thyrocervlcal 

Intercostal 
artenes ---.:-��\,. 

trunk 

Internal mammary 
artery 

FIGURE 6-9. �1, l ior 1OIIat ,'r.J) p.J t h " ,IY' i l l  
pro,\i l l l,1 I  ," lx  1 ,lv i , l I l  ( ·rl ll,ioll . 
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accentuated the need for a better under
standing of vascular anatomy and its varia
tions and collateral pathways. 

This chapter has presented an in-depth 
review of normal cerebrovascular anatomy 
and commonly encountered anomalies, 
with a discussion of hemodynamics as it 
applies to the potential for collateralization. 
Commonly encountered extra cranial and 
intracranial collateral circulation has been 
defined, and its clinical significance has 
been emphasized. 
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Chapter 
7 

Normal Findings and Technical 
Aspects of Carotid Sonography 

NORMAL CAROTID WALL 
STRUCTURE 

The walls of all arteries consist of three 
distinct layers. The innermost layer is the 
intima, or epithelial lining of the artery. The 
middle layer is the media, or muscular layer, 
which gives the artery its stiffness, elastic
ity, and strength. The outer layer is the 
adventitia, which is composed of loose con
nective tissue. As illustrated in Figure 7-1,  
all three layers are represented in ultra
sound images. 1-3 The intima and adventitia 
produce parallel echogenic lines, with an 
intervening echo void that represents the 
media. Please note that the intimal reflec
tion is only a reflection! The thickness of 
this reflection exceeds the actual thick
ness of the intima. Histologic studies have 
shown that the thickness of the media and 
adventitia are more accurately depicted on 
ultrasound images. 1 

The intimal reflection should be straight, 
thin, and parallel to the adventitial layer. 
Significant undulation and thickening of 
the intima indicate plaque deposition (see 
Chapter 8) or, rarely, fibromuscular hyper
plasia. After endarterectomy, the intimal 
reflection is missing at the surgical site, 
because the intima is removed with the 
plaque. The neointima that covers the 
endarterectomy site is not visible sono
graphically. 

Seeing the intimal reflection on longitu
dinal images ensures that the image plane 
passes through the long axis (diameter) of 
the vessel. Similarly, in transverse sections, 
visualization of the intima indicates that 
the image plane is perpendicular to the 

vessel axis. A false impression of arterial wall 
thickening may occur with off-axis longitu
dinal images, as illustrated in Figure 7-2. 

The carotid bulb is the widened portion 
of the distal common and proximal internal 
carotid arteries. Thus, the carotid bulb does 
not merely lie in the internal carotid, as is 
sometimes thought, but spans the junction 
of both vessels. The degree to which the 
carotid arteries widen at the carotid bulb 
varies from one individual to another. 
Usually the widening is slight, but some 
normal individuals have capacious carotid 
bulbs that may harbor large plaques in the 
absence of significant carotid stenosis. 

NORMAL FLOW 
CHARACTERISTICS 

In normal arteries that are relatively 
straight, blood flow is laminar, meaning that 
blood cells move in parallel lines. As shown 
in Figure 7-3, the laminar flow pattern can 
sometimes be seen on color flow images, 
with slower velocities near the vessel wall 
and faster velocities near the lumen center 
producing different colors. It is important 
to recognize that flow is not always laminar 
in normal vessels. As noted in Chapter 3, 
the laminar pattern may be disturbed by 
vessel tortuosity, kinks, or branching. These 
normal flow disturbances are shown by 
mixtures of colors on color flow images and 
by Doppler spectral broadening. The most 
noteworthy normal flow disturbance occurs 
at the carotid bifurcation (Fig. 7-4), where a 
vortex is established in the bulbous portions 
of the common carotid artery (CCA) and 
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SECTION 1/ Cerebral Vessels 

FIGURE 7-1 .  Normal arterial anatomy. This 
longitudinal image of the common carotid 
artery demonstrate a sharp line (specular re
flection) that emanates from the intimal 
surface (arrows) . The black line peripheral to 
this reflection represents the media of the 
artery. The outermost white line is the adven
titia of the artery. Note that no wall structure 
is visible in the adjacent internal jugular vein 
(I]), because vein walls have a very thin mus
cular layer and are much thinner, overall, than 
arterial walls. 

FIGURE 7-2. False positive plaque diagnosis due to off-axis image plane. A, It appears that plaque is present, result
ing in stenosis, in this off-diameter section of the common carotid artery. B, The same artery is shown to be normal 
by moving the transducer very slightly so that the plane of the section passes through the long axis (diameter) of 
the vessel. Note the clearly seen intimal reflections. 

FIGURE 7-3. Laminar flow pattern. Darker red 
shades are seen at the periphery of this common 
carotid artery, because flow is slower near the wall. 
Lighter colors are present throughout the rest of the 
vessel, in which flow is faster. 
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CHAPTER 7 Normal Findings and Technical Aspects of Carotid Sonography 

FIGURE 7-4. Long-axis view of the 
carotid bifurcation. The blue area in 
the bulbous portion of the internal 
carotid artery represents the normal 
flow reversal zone. The Doppler spec
trum seen at the base of the image 
shows a disturbed, to-and-fro pattern 
caused by simultaneous forward and 
reverse flow in this area. 

internal carotid artery (lCA) .4-7 The size of 
the vortex appears to be related to anatomic 
factors, including the diameter of the artery 
lumen and the degree of angulation 
between the ICA and the external carotid 
artery (ECA) . 

The normal pulsatility features of the 
CCA, ICA, and ECA, as depicted with spec
tral Doppler, are of considerable diagnostic 
importance and require close attention. 
Normal pulsatility features are used to 
distinguish between the ICA and ECA; 
furthermore, altered carotid pulsatility is an 
important clue about the presence of 
carotid occlusive disease. In some cases, 
pulsatility changes are the only indication 
of significant carotid abnormality. Please 
review the normal carotid pulsatility fea
tures illustrated in Figure 7-5. This material 
is not repeated elsewhere in the text. 

The normal range of velocities in the 
CCA, ICA, and ECA has not been studied 
extensively,8-11 and velocities may vary with 
physiologic differences among individuals. 
Peak systolic velocity in the CCA is not well 
documented, but clinical experience indi
cates that velocities exceeding 100 cm/sec 
are uncommon. It is noteworthy that the 
CCA peak systolic velocity increases as one 

proceeds proximally from the carotid bifur
cation (toward the aortic arch) .12 Peak 
systolic velocity increases about 9 cm/sec 
for each centimeter of distance. This obser
vation is of considerable importance, as the 
measured systolic velocity ratio (lCA steno
sis/CCA; see Chapter 9) may vary from one 
examination to another if the CCA mea
surement is made at various distances from 
the carotid bifurcation. The general recom
mendation is to measure the CCA veloc
ity at a standardized distance below the 
"crotch" of the carotid bifurcation. We use 
4 cm, because this is the length of the ultra
sound transducer that we use for carotid 
artery examination. The ultrasound trans
ducer, therefore, becomes a handy measur
ing stick. The CCA velocity is measured one 
transducer length from the crotch of the 
bifurcation. 

Peak systolic velocity in the ICA is 
reported to range from 54 to 88 cm/sec in 
normal adults (mean population values). It 
should be noted that these values apply to 
the postbulbar region of the ICA. Values 
observed within the bulbous portion of the 
ICA are lower, and, as noted in Chapter 3, 
the spectral waveforms in the bulb may 
have a peculiar to-and-fro appearance. Peak 
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FIGURE 7-5. Normal carotid artery Doppler waveforms. A, Waveforms in the common carotid artery have moder
ately broad systolic peaks and a moderate amount of flow throughout diastole. B, The internal carotid artery wave
forms have broad systolic peaks and a large amount of flow throughout diastole. C, External carotid artery 
waveforms have sharp systolic peaks and relatively little flow in diastole. 
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CHAPTER 7 Normal Findings and Technical Aspects of Carotid Sonography 

Table 7-1 .  Features That Identify the External and Internal Carotid Arteries 
Carotid Arteries 

Features 
Usually smaller 
Yes 

Internal 
Usually larger 
No 

I Size 
Branches 
Orientation Proceeds anteriorly, toward the 

face 
Proceeds posteriorly, toward the mastoid 

process 
Doppler characteristics 
Temporal artery tap 

High-resistance flow pattern 
Waveform deflections 

Low-resistance flow pattern 
No deflections j 

systolic ICA velocities as high as 120 em/sec 
have been reported in some normal indi
viduals, but these values are exceptional, 
and an ICA velocity exceeding 100 em/sec 
should be viewed as potentially abnormal. 

Peak systolic velocity in the ECA is 
reported as 77 em/sec (mean) in normal 
individuals, and the maximum velocity 
does not normally exceed 1 1 5  em/sec. 
Considerable patient-to-patient variability 
occurs in ECA flow velocity in normal indi
viduals because pulsatility varies consider
ably from one person to another. (Some 
individuals have a sharply spiked systolic 
peak, while others have a more blunted 
peak.) Moreover, ECA velocity may be 
elevated substantially if the ECA is serving 
as a collateral that circumvents an ipsilateral 
or contralateral ICA stenosis. Therefore, 
high ICA velocities may occasionally be 
encountered in the absence of ECA stenosis. 

VESSEL IDENTITY 

The correct identification of the ECA and 
ICA is of utmost importance, because sig
nificant diagnostic error may occur if these 

FIGURE 7-6. Temporal artery 
tapping identifies the external 
carotid artery. The taps of the 
examiner's finger generate sharp 
deflections (arrows) on the exter
nal carotid artery waveform. 

vessels are misidentified. All of the findings 
listed in Table 7-1 are useful for distin
guishing between the ICA and ECA, but 
among these, the Doppler findings are of 
greatest importance. The ICA has a low
resistance flow pattern, whereas the ECA 
has a high-resistance pattern. If the identity 
of the carotid bifurcation branches is un
certain, move the Doppler sample volume 
back and forth between the branches. The 
Doppler signals from the two vessels should 
look and sound different if one of the vessels 
is the ICA and the other is the ECA. If the 
Doppler signals look and sound the same in 
both vessels, then the vessels identified are 
probably two ECA branches, and the ICA 
is probably occluded. Most importantly, 
tapping on the superficial temporal artery, 
in front of the ear, causes notches in the 
ECA Doppler spectrum (Fig. 7-6). Tapping 
does not affect the ICA spectrum, since the 
superficial temporal artery is not a tributary 
of the ICA. When all efforts fail and bifur
cation branch identity remains uncertain, 
do not guess! Indicate to the interpreting 
sonologist that you are not sure whether 
you have actually identified the ECA and 
leA and that you may instead have imaged m
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FIGURE 7-7. Color Doppler visualization of pulsatility patterns. A, In systole, flow is evident (red color) in both 
the internal (lCA) and external (ECA) carotid arteries. B, In diastole, flow is absent in the external carotid artery 
(ECA) but persists in the internal carotid artery (ICA). When seen in real time, the color in the ECA "blinks" on 
and off, whereas color undulates in brightness in the ICA. 

two branches or the ECA. In such a case, 
occlusion of the ICA is implied. It is better 
to say that you are uncertain than to make 
a major diagnostic error, such as overlook
ing ICA occlusion. 

Differences in ECA and ICA pulsatility are 
also manifested in the color flow image 
(Fig. 7-7) . Flow continues throughout the 
entire cardiac cycle in the CCA and ICA. As 
a result, color is always present in these 
vessels, although the brightness undulates 
from diastole to systole. In the ECA, flow is 
markedly diminished or absent in diastole; 
consequently, color flickers off and on in 
this vessel. 

EXAMINATION PROTOCOL 

An examination protocol should be 
established within each vascular laboratory 
to ensure that carotid sonography is 
performed conSistently, comprehensively, 
and accurately. The ultrasound protocols 
described here are used in our vascular lab
oratory. These techniques may be modified 
to match the needs of specific patients or 
vascular laboratories. In all cases, however, 
the protocol should meet or exceed the 
standards established by the American 
Institute of Ultrasound in Medicine, * the 
Intersocietal Commission for the Accreditation 

"American Institute of Ultrasound in MediCine, 14750 
Sweitzer Lane, Suite 100, Laurel, MD 20707; 

http://www.aium.org. 

of Vascular Laboratories, t or the American 
College of Radiology. t The standards of these 
organizations are substantially the same. 

INSTRUMENTATION 

The carotid duplex examination should be 
performed only with appropriate instru
mentation. The current standard of practice 
in the United States includes the following 
equipment: (1) high-frequency transducers 
with short focal distances designed for near
field work; (2) color flow imaging; (3) 
pulsed, directional Doppler, with velocity 
measurement capabilities; and (4) fre
quency spectrum analysis. A large number 
of instruments are available that provide 
these features. 

PATIENT POSITION 

We examine the carotid arteries with the 
patient in the supine position and with the 
examiner seated at the patient's head. Some 
sonographers choose to sit next to the 
patient rather than at the patient's head. In 
some institutions, the patient is examined 
in a reclining chair equipped with a head
rest, such as a dental chair. In any case, 
exposure of the neck should be maximized 
by having the patient drop the ipsilateral 

tlntersocietal Commission for Accreditation of Vascu
lar Laboratories, 8840 Stanford Boulevard, Suite 4900, 

Columbia, MD 21045; http://www.icavl.org. 
'American College of Radiology, 1 89 1  Preston White 
Drive, Reston, VA 20 1 9 1 ;  http://www.acr.org. 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com
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-

F,GURE 7-8. Patient and technologist positions for 
carotid ultrasound examination. 

shoulder as far as possible. (Tell the patient, 
"Reach down for your hip.") Neck exposure 
is also optimized by tilting and rotating the 
head away from the side being examined 
(Fig. 7-8) . Do not hesitate to vary the 
position of the head and neck during the 
examination to facilitate visualization of 
the vessels. Be creative! 

TRANSDUCER POSITION 

Several transducer positions are used to 
examine the carotid arteries in long-axis 
(longitudinal) planes, as illustrated in Fig
ure 7-9. Generally, the posterolateral and 
far-posterolateral positions are most useful 
for showing the carotid bifurcation and 
the ICA, but, in some cases, an anterior or 
lateral approach works best. Short-axis 
(transverse) views of the carotid arteries are 
obtained from an anterior, lateral, or pos
terolateral approach, depending on which 
best shows the vessels. 

The far-posterolateral approach often pro
vides the best images of the distal reaches of 
the ICA. To use this view effectively, it is 
necessary to turn the patient's head far to 
the contralateral side and to place the trans
ducer posterior to the sternomastoid muscle 
(see Fig. 7-9D). Neophyte sonographers 
generally have difficulty imaging the ICA, 
because they fail to approach the vessel from 
a sufficiently posterior location. 

CAROTID ARTERY VERSUS 
JUGULAR VEIN 

The CCA lies immediately adjacent to the 
jugular vein, but the two vessels are easily 
differentiated. First, flow in the carotid 
artery is toward the head and pulsatile. In 
contrast, flow in the jugular vein is toward 
the feet and has typical venous flow features 
(low velocity, undulating flow pattern, 
"windstorm" sound). Also, the caliber of the 
carotid artery is fairly uniform, whereas the 
caliber of the jugular vein varies markedly 
from moment to moment, in response to 
respiration. Finally, the carotid arteries are 
thick walled, and a distinct intimal reflec
tion is visible. The jugular vein wall is thin 
(invisible), and the vein collapses with slight 
pressure from the transducer. 

IMAGE ORIENTATION 

Consistent with internationally accepted 
conventions, we orient longitudinal images 
with the patient's head to the left. Likewise, 
transverse images generally are oriented as 
if viewed from the patient's feet, with the 
patient's right side on the left side of the 
image. Admittedly, we are not terribly par
ticular about transverse image orientation, 
but we label the vessels accurately. 

RECORDING 

In the past, we routinely recorded the entire 
carotid ultrasound examination on video
tape, but we no longer do this, as color 
hard-copy imaging has improved, and 
reviewing taped studies is cumbersome. 
Many ultrasound instruments can record 
short video clips, often in conjunction with 
digital picture archiving systems.  These 
clips are very helpful for illustrating 
dynamiC features of the carotid examina
tion. In western nations, digital picture 
archiving systems are now in common use 
for ultrasound recording, but transparent 
film or color (paper) prints also remain in 
widespread use. In either case, it is impor
tant to conduct the examination in a 
consistent pattern. We start with the right 
carotid bifurcation and then go to the left. 
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All segments of the examination are 
recorded in sequence, beginning with the 
CCA and proceeding into the ICA and then 
the ECA. With this patterned approach, 
hard-copy images are recorded in an or
derly, predictable way, which greatly sim
plifies interpretation of the studies. The 
patterned recording approach, furthermore, 
reduces the potential for diagnostic error, 
because the interpreter is less apt to mistake 
one Doppler waveform or vessel for another. 

FIGURE 7-9. Transducer positions for duplex carotid 
ultrasound examination: anterior (A), lateral (B), pos
terolateral (C), far-posterolateral (D), and transverse (E). 

In addition to hard-copy images, we 
routinely use a report form (Fig. 7-10), on 
which the sonographer writes important 
information, including the patient history, 
blood flow velocity data (derived from spec
trum analysis), and notations concerning 
plaque location and severity. This form is 
filed permanently in the vascular labora
tory. A dictated report is included in the 
hospital chart and is transmitted to the 
referring clinician. 
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CHAPTER 7 Normal Findings and Technical Aspects of Carotid Sonography 

� Department of Veterans Affairs 

Vascular 4tboratory 
VA Medical Center 
Salt Lake City, Utah 

Carotid Artery Duplex Ultrasound PATISNT IOENTIRCAnoN 

Date: ______ Technologist: ___ Tape # ___ Requested By: _______ _ 

History: _____________________________ _ 

Slurred Speech Cl 
Vertigo Cl 
Drop Attack Cl 
Memory Impairment/Confusion Cl 

Amaurosis Fugax R I L 

Blurred Vision R I L 

Hemiplegia R I L 

Weakness-Numbness Arm/Leg R I L 
Previous carotid Surgery R I L 

Prior Duplex or Angio Resuts ______________________ _ 

Right Carotid 
____ em/sec 

em/sec 0 0 EGA -- Sysl Ratio 

OlGA 
. ___ cm/sec CCA 

�-7 
Right Vertebral 

Diameter __ mm __ em/sec Ante/Retro 

Technologist Comments: 

Right Preliminary Final 

CGA 
leA 
EGA 

Progression Y I N  Y I N  

left Carotid 

cm/sec 0 -- cm/sec 

ECA 
0 

__ Syst Ratio 

O lGA 
__ cm/sec 

CCA 

�-7 
left Vertebral 

Diameter __ mm em/sec Ante/Retro 

left Preliminary Final 

GGA 
ICA 
EGA 

Progression Y I N  Y I N  

4·Part - White: Radiology · Pink: Preliminary Copy · Yellow: Medical Records - Goldenrod: MD VA Form 1044lC (1141660) 
August 1994 

FIGURE 7-1 0. Report form for carotid ultrasound examination. CCA, common carotid artery; ECA, external carotid 
artery; ICA, internal carotid artery. 

THE EXAMINATION SEQUENCE 

According to our department protocol, 
carotid examinations follow these steps: 

Step 1. Get oriented! Choose the transducer 
position that best displays the carotid 

vessels in a longitudinal view. Generally, 
the posterolateral approach, as shown in 
Figure 7-9D, is most advantageous. 

Step 2. Record a velocity spectrum from the 
CCA (Fig. 7-1 1) .  A recording site that is 
free of disease is preferred, and the fol
lowing points should be noted: ( 1 )  The 
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measurement point should be 4 cm below 
the crotch of the carotid bifurcation 
(for reasons described previously); (2) care 
should be taken that the sample volume 
is squarely within the center of the vessel; 
and (3) the Doppler angle must be suffi
cient (60-70 degrees is best) to accurately 
measure the peak systolic velocity (see 
Chapter 3) .  These conditions are 
extremely important, as improper sam
pling of the CCA may artifactually raise 
or lower the peak systolic velocity, in turn 
skewing the systolic velocity ratio used to 
estimate ICA narrowing (see Chapters 3 
and 9) .  The result could be inaccurate 
diagnosis of clinically significant carotid 
narrowing. 

Step 3. Survey the carotid bifurcation with 
color flow imaging. Begin at the clavicle 
with longitudinal images, proceed to the 
carotid bifurcation, and, from there, con
tinue into the ECA and ICA. Then repeat 
the process with transverse images. The 
purpose of this survey is to confirm the 
patency of the arteries, to identify and 
localize plaque and associated flow abnor
malities, and to define the junction of the 

FIGURE 7-1 1 .  Accurate common 
carotid artery (CCA) velocity meas
urement. The CCA is clearly visual
ized; the Doppler sample volume 
is central in the artery and below 
the bulbous portion. The Doppler 
angle (arrow, left upper corner) is 
60 degrees or less, and the Doppler 
signal (waveform) is strong and clear. 
AVG VEL, average velocity; BW, 
bandwidth; PKc VEL, peak systolic 
velocity. 

ECA and ICA (so that plaque location can 
be determined correctly) . 

Step 4. Confirm the identity of the ICA 
and ECA by their Doppler spectral signa
tures (see Fig. 7-5), by anatomic features 
summarized in Table 7-1 ,  and by tapping 
on the superficial temporal artery (Fig 
7-6) . The proper identification of the 
branch vessels is essential, as ECA 
stenoses usually are not subject to treat
ment, while significant ICA stenoses 
usually are treated. 

Step 5. With the survey completed and the 
identity of the ICA and ECA confirmed, 
scrutinize significant areas o( plaque (orma
tion, documenting with hard copy the 
thickness of plaque, the degree of lumen 
reduction, and other plaque features (as 
discussed in subsequent chapters). Images 
transverse to the vessel axis are essential 
for assessment of plaque thickness and 
luminal narrowing, and gray-scale images 
often show plaque features better than 
color flow images. 

A view that simultaneously shows both 
the ECA and the ICA, as seen in Figure 7-4, 
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CHAPTER 7 Normal Findings and Technical Aspects of Carotid Sonography 

FIGURE 7-1 2. Identifying the internal and external carotid arteries. By shifting back and forth between the 
internal (A) and external (B) carotid arteries (ICA and ECA, respectively), the sonographer has determined that the 
junction of the vessels is at the approximate location of the arrows. The pulsatility of the ICA is clearly different 
from that of the ECA. 

is very useful for localizing plaque. Unfor
tunately, this view cannot frequently be 
achieved (due to an unfavorable orientation 
of the carotid bifurcation). As an alternative, 
plaque location may be determined by shift-

ing the image back and forth between the 
bifurcation branches and noting the point 
at which they come together (Fig. 7-1 2) .  
This operation can be documented with a 
video clip. 
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Step 6. When a stenosis is present, record 
angle-corrected velocity spectra in the steno
sis (as discussed in Chapter 3) also obtain 
color flow images that illustrate the loca
tion and length of the stenosis, as well as 
the flow disturbances present in the 
stenotic and poststenotic regions. If pos
sible, obtain cross-sectional images show
ing the degree of luminal narrowing. 
Video clips of the color flow and spectral 
components can provide dynamic infor
mation of value to the interpreting sonol
ogist. 

Step 7. Evaluate vertebral artery flow, as dis
cussed in Chapter 1 1 .  Record an image of 
the inter-transverse portion of each verte
bral artery and representative Doppler 
spectral waveform, including measure
ment of the peak systolic velocity. 

Step 8. Assess subclavian artery flow, to 
detect stenosis or occlusion of these 
vessels. Each subclavian artery is imaged 
from a long-axis perspective, from either 
a supraclavicular approach or a transpec
toral approach (see Chapter 1 6) .  This can 
be done at the beginning or the end of 
the ipsilateral carotid examination. A 
representative Doppler spectral waveform 
is recorded in each vessel. These wave
forms should show a high-resistance flow 
pattern and be slightly pulsatile. A low
resistance or damped pattern, and lack of 
pulsatility, suggests stenosis or occlusion 
proximal to the point of Doppler 
examination. In some cases, a subclavian 
stenosis may be visualized directly. In 
such instances, color Doppler images of 
the stenosis should be recorded, and 
Doppler spectral measurement should be 
obtained in and distal to the stenosis, in 
the same manner as for carotid stenosis. 
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Chapter 
8 

Ultrasound Assessment of 
Carotid Plaque 

WilliAM J .  ZWIEBEL, M D  

Diagnostic ultrasound is capable of conve
niently evaluating the composition of 
atherosclerotic plaque in a clinical setting, 
in the course of routine carotid examina
tions. MagnetiC resonance imaging is also 
capable of assessing plaque composition, 
but at present, only in a research setting 
where special high-resolution equipment is 
available. In spite of the availability of ultra
sound instruments capable of plaque 
assessment, few ultrasound practitioners 
evaluate carotid plaque on a regular basis, 
and the concept of plaque assessment has 
been received with mixed levels of enthusi
asm in the research community-praised 
by some and condemned as worthless by 
others. The root of this controversy is 
concern about the accuracy of ultrasound 
plaque assessment and uncertainty about 
the clinical implications of carotid plaque 
findings. For many years now, the potential 
value of ultrasound plaque assessment has 
been stated in the medical literature, but the 
clinical realization of this potential has 
been elusive. Nevertheless, ultrasound in
strumentation has improved substantially 
in the last decade, and it may well be that 
the promised benefit of carotid plaque eval
uation is close to realization. It is worth
while, therefore, to review this matter in 
some detaiL 

DETECTION 

Atherosclerotic plaque is initially revealed 
sonographically by an increase in the com
bined thickness of the intima and media 
layers, and subsequently by echogenic 

material that encroaches on the arterial 
lumen.1-9 Homa and colleagues8 found that 
the normal intima-media thickness in the 
common carotid artery, as measured in 
areas void of plaque, increases linearly 
with age from a mean of 0.48 at age 40 yr 
to 1 .02 at age 1 00 yr follows the formula 
(0.009 x age) + 0. 1 16. In addition to age
related change, the intima-media thickness 
also increases in response to early plaque 
formation, and this measurement is used, 
therefore, as a marker for cardiovascular 
risk in a variety of clinical settings.3,s-7,9-13 
For the most part, the intima-media mea
surement has been used for research, but 
it can be used in a clinical setting as a 
marker for cardiovascular risk. In literature 
reports, the intima-media thickness has 
been measured variously in the tubular and 
bulbous portions of the common carotid 
and in the proximal internal carotid artery. 
Typically, longitudinal images are used that 
clearly depict the intimal reflection and the 
media, as shown in Figure 8-1A. The cut 
points for intima-media thickness between 
normal and abnormal populations have 
varied among reported studies, and there
fore it is difficult to establish a single cut 
point that defines abnormality. Addition
ally, the age-related variance described 
previously must be considered. It is a 
reasonable assumption, however, that an 
intima-media thickness of 0.9 or more is 
abnormal and is likely to be associated with 
sonographically visible plaque. Please note 
that older studies tended to include areas of 
visible plaque in the measurements of 
intima-media thickness, which is no longer 
recommended. The intima-media thickness 
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measurement should not include grossly 
visible plaque. 

Thickening of the intima-media com
plex implies occult plaque formation, but 
plaque may, of course, be seen directly with 
ultrasound when it achieves sufficient size 
to protrude into the carotid artery lumen 
(Fig. 8-1B). Small carotid artery plaques are 
very commonly present in individuals 
older than 50 yr,6-8,11, 13 and the prevalence 
of plaque increases with age to a high of 
80+% for men between the ages of 80 and 
100 yr. (The prevalence is somewhat lower 
for women.) Because of its prevalence, 
the significance of small carotid plaques is 
uncertain. Large and potentially dangerous 

FIGURE 8-1 . Intima-media thickness and small 
plaques. A, Measurement pOints (cursors) for 
determining the intima-medial thickness are 
shown on this highly magnified common 
carotid artery image. Two measurement loca
tions are shown that clearly display the bound
aries of the intima and media. B, Small plaques 
(arrows) are seen on this long axis image 
spanning the distal common- and proximal 
internal carotid arteries. 

plaque occurs uncommonly, with a reported 
incidence in large population-based studies 
of 2% or less for men and women 50 yr and 
older.6 

The interobserver variation for plaque 
detection ranges from fair to good among 
reported studies. 10-1 3,14 The causes of such 
variation include the technologists' skill 
level, ultrasound image quality, failure to 
examine the same vascular segment, and 
lack of a uniform definition of findings 
indicating the presence of plaque. With 
improvements in instrumentation and 
methods, interobserver variation may be 
expected to improve with time, but techni
cal diligence and quality assurance methods 
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are required to ensure accurate plaque 
detection. 

EXTENT, SEVERITY, 
AND FOLLOW-UP 

Having detected carotid plaque, we are 
faced with the need to describe it in a way 
that accurately represents its extent and 
severity. For evaluating plaque progression 
over time in a clinical or research setting, 
precise ultrasound images are needed to 
show the longitudinal and circumferential 
extent of plaque, as well as its thick
ness.4�6,8,lS�18 To this end, three dimensional 
ultrasound imaging holds considerable 
promise. 1S,16, 19 For day-to-day clinical as
sessment of the carotid arteries, as con
ducted in most community hospitals, such 
detail is unnecessary, and in such circum
stances, a general description of plaque 
extent and severity is adequate. In my 
reports of carotid ultrasound studies, I 
separately describe plaque extent and sever
ity. By extent, I mean the length of the 
vessel (cephalocaudad) affected by plaque. I 
report plaque extent descriptively (e.g., 
"Plaque extends from the distal common 
carotid artery into the proximal internal 
carotid artery. /I) .  By severity, I mean the 
thickness of plaque. This is more difficult to 
define sonographically, because plaque 
varies in thickness from one location to 
another, so I define the maximum plaque 
thickness at whatever location(s) it occurs. 
The best means for assessing carotid plaque 
thickness is from transverse (short-axis) 
images, which most accurately show the 
maximum thickness of the plaque and the 
resultant degree of luminal narrowing. 
Plaque severity can be grossly overestimated or 
underestimated from longitudinal images, as 
illustrated in Figures 8-2 and 8-3. When 
reporting plaque severity, I usually use 
generic terms, such as minimal, moderate, 
and severe. For situations in which greater 
precision is desirable, I report the plaque 
thickness in millimeters, and I note whether 
the plaque is eccentric or circumferential 
(Le., extending around the circumference of 
the lumen) . In our vascular laboratory, we 

generally do not follow up patients on 
the basis of plaque measurements per se. 
Instead, we recommend a follow-up interval 
based on Doppler assessment of stenosis 
severity. In essence, measuring plaque or 
stenosis amounts to the same thing, 
however, for the degree of stenosis indi
rectly indicates the severity of plaque 
formation. 

PLAQUE PATHOGENESIS 

Current theory holds that atherosclerosis is 
a response to injury that is mediated (or 
directed) by the endothelial cells that line 
the arteries . 14,20�23 Three processes occur in 
the course of plaque formation. First, lipids 
from the blood accumulate in the suben
dothelium. Second, the lipid material is 
ingested by macrophages, forming foam 
cells, so named because of their foamy 
microscopic appearance. Finally, smooth 
muscle cells migrate from the II).uscular 
layer to the subendothelial layer and 
become transformed into fibroblasts. These 
form a collagenous (fibrous) matrix within 
the plaque and also form a fibrous cap on 
the lumenal side of the plaque, below the 
intimal layer. Up to this pOint, the plaque 
structure is stable. 

There is increasing evidence that inflam
mation plays an important pathogeniC 
role in the evolution of plaque.2o Beginning 
at the foam cell stage, an inflammatory 
process is apparent. Ongoing inflammation 
causes the breakdown of foam cells and 
other components of plaque and the accu
mulation of inflammatory debris. The 
inflammatory process disrupts the structure 
of the plaque, weakens the fibrous cap, and 
extends to the intima. Evidence has also 
been uncovered in recent years suggesting 
that bacterial infection may play a role 
in plaque formation.24-26 The role of infec
tion and the relationship of infection to 
the inflammatory response is presently 
debated. 

These are exciting times in the field of 
atherosclerosis research. The investigation 
of inflammation and bacterial infection 
are two of many exciting developments 
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FIGURE 8-2. Incorrect plaque 
assessment from longitudinal 
images. A, The internal carotid 
artery (leA) appears to be largely 
filled with plaque on this longitu
dinal image. B, Another longitu
dinal image from a different 
perspective shows very little 
plaque. C, A transverse views at 
the same location accurately 
display the thickness and circum
ferential extent of plaque. 
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Plaque underestimated 

Plaque overestimated 

On-diameter, 
normal appearance 

Off-diameter, 
abnormal appearance 

Acoustic shadow 

FIGURE 8-3. Causes for misinterpretation of carotid 
plaque severity. 1, Plaque is not seen in the horizontal 
image plane but is accurately represented in the verti
cal image plane. 2, This image plane underestimates 
plaque thickness. 3, Plaque thickness and luminal nar
rowing are overestimated. 4, A scan through the vessel 
axis (diameter) generates a normal appearance, but an 
off-axis scan (5) simulates pathology. 6, Pathology is 
obscured by an acoustic shadow. 

in research on plaque formation. Per
haps we are finally getting closer to an 
understanding of plaque pathogenesis, and 
perhaps this will lead to better methods 
of prevention and treatment of athero
sclerosis. 

As suggested previously, there are two 
broad catagories of atherosclerotic plaque, 
uncomplicated and complicated (Fig. 8-4). 
Uncomplicated, or stable, plaque is uniform 
in composition, for the most part, and is 
covered by a subintimal fibrous cap. The 
architecture of complicated plaque is not 
uniform. Instead the plaque is disturbed by 
inflammation-induced degenerative pro
cesses, resulting in plaque necrosis, hem
orrhage into the plaque substance, cal
cification, thinning or disruption of the 
fibrous cap, disruption of the endothelial 
layer, and plaque ulceration. 

Among the degenerative changes cited 
previously, the most important are dis
ruption of the fibrous cap and the endo
thelium, which may directly cause em
bolization, through the shedding of plaque 
contents into the bloodstream. Embolization 
also is caused by the adherence of platelets or 
thrombus to denuded plaque surface. This 
material is subsequently shed into the blood
stream and thence to the brain, where it may 
occlude cerebral arteries and cause ischemia 
or infarction. 

Central to current thinking about plaque 
evolution is the concept that stable, uncom
plicated plaque tends to be transformed 
into complicated plaque through chronic 
inflammation and an injury process that 
includes plaque necrosis and hemor
rhage.2o,23,27-3o It appears, furthermore, that 
repeated cycles of injury and repair occur 
in many plaques. Hence, large plaques tend 
to be complicated histologically, whereas 
small plaques tend to be uncomplicated. 
As a correlate, large plaques are prone 
to cause embolization, and small plaques 
are less likely to do so. Large plaques 
cause stenosis, while small plaques do 
not. Therefore, the presence of high-grade 
carotid stenosis indicates the presence of 
large plaques that are apt to be complicated 
and prone to embolization. This fact has 
been verified histolgically and sonographi
cally, with direct observations of plaque 
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FIGURE 8-4. Plaque histology. A, Microscopic section of an uncomplicated plaque. The fibrous cap (FC) is intact, 
and the plaque contents (P) are homogeneous. B, Microscopic section of a complicated plaque. The fibrous cap is 
ruptured and an area of cavitation is present (arrows). The plaque contents (P) are heterogeneous. (From O'Leary 
D, Glagov S, Zarins C, Giddens D: Carotid artery disease. In Rifkin MD, Charboneau JW, Laing FC reds] : Ultra
sound 1 9 9 1 :  Special Course Syllabus, 77th Scientific Assembly and Annual Meeting. Oak Park, IL, RSNA Publica
tions, 199 1, pp 189-200. Reproduced with the kind permission of Daniel O'Leary, MD.) 
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complications, including fibrous cap dis
ruption and ulceration, in the presence of 
high-grade carotid stenosis.16,19,31,32 

It is important to note here that although 
most vascular laboratories judge plaque 
severity indirectly, based on the severity of 
stenOSiS, some patients may have large 
carotid plaques that nevertheless generate 
relatively little stenosis. This occurs when 
the bulbous portions of the distal common 
and proximal internal carotid arteries are 
unusually large. The capacious carotid bulb 
can harbor a large volume of potentially 
complicated and clinically dangerous 
plaque in the absence of significantly ele
vated flow veloCity. It is important, there
fore, to get a sense of the carotid plaque 
volume in the course of sonographic exam
ination, as well as the severity of stenosis. 
In my opinion, the presence of a large 
volume of plaque should be reported to the 
referring clinician, even if high-grade steno
sis is absent. 

PLAQUE CHARACTERIZATION 

As noted previously, the primary role of 
carotid sonography is the detection and 
assessment of carotid stenosis. Nevertheless, 
much has been made of the ability of ultra
sound to characterize plaque composition, 
and therefore, ultrasound practitioners 
should be familiar with plaque characteri
zation concepts, which may have impor
tance in a clinical setting.27-30,32-60 In general 
terms, plaque can be characterized as low, 
medium, or ,high in echogenicity and as 
homogeneous or heterogeneous in texture. The 
histologic correlates of these characteristics 
are as follows. 

Low Echogenicity 

Fibrofatty plaque (Fig. 8-SA),  which con
tains a large amount of lipid material, is low 
in echogenicity. This type of plaque is less 
echogenic than the nearby sternomastoid 
muscle, and in some cases fibrofatty plaque 
is so echo poor that it is difficult to see 
with ultrasound. Visualization difficulties, 
however, are ameliorated with color flow or 

B-flow imaging, because a flow void is 
visible even if the plaque is not well seen. 
Plaque that is low in echogenicity is less 
cellular than more echogenic plaque and 
is associated with elevated serum levels of 
low-density lipoprotein, plaque ulceration, 
and increased risk of cerebral ischemic 
symptoms.* 

Moderate Echogenicity 

As the collagen and cellular content of 
plaque increases relative to the fat content, 
ultrasound echogenicity also increases. 
Hence, fibrous plaque, in which collagen is 
a prominent component, is moderately 
echo genic (Fig. 8-SB) . Fibrous plaque is easy 
to see with ultrasound. Its echogenicity 
equals or exceeds that of the sternomastoid 
muscle, but it is less echogenic than the 
arterial adventitia. Moderately echogenic 
plaque is less associated with cerebral 
ischemic symptoms than plaque that is 
diffusely low in echogenicity or that which 
is heterogeneous, as discussed later. 

Strong Echogenicity 

Dystrophic calcification occurs in plaque, 
and such calcification generates strong 
reflectiOns, accompanied by distal acoustic 
shadows (Fig. 8-SC) . These reflections equal 
or exceed the brightness of any other object 
in the image. High-resolution sonography is 
extremely sensitive to the presence of calci
fication, and areas on the order of 1 mm in 
diameter may be detected. Plaque calcifica
tion may be focal or diffuse, and large cal
cification may generate acoustic shadows 
that obscure the arterial lumen, interfering 
with ultrasound diagnosis. Although it is 
assumed that calcification is a consequence 
of plaque complications previously des
cribed, an association between plaque calci
fication and symptomatology has not been 
established, apparently because the calcified 
areas represent healed or dormant processes 
of no immediate threat to the fibrous cap or 
endothelium. 

*See references 27-29, 32, 33, 3 7-40, 43, 44, 48, 49, 51 ,  
52, 54-56,60 
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Homogeneous Versus 
Heterogeneous 

It has long been noted that, from an 
ultrasound perspective, some plaque is 
homogeneous, and some plaque is hetero
geneous. Calcification is one cause of 
heterogeneity, but as noted previously, no 
correlation has been reported between cal
cification and neurologic symptoms. Two 
other types of heterogeneity have been 
discussed widely in the literature, namely, 
focal and scattered areas of low echogenic
ity (Fig. 8-6). Clinical interest has centered 
on reports that hemispheric neurologic 
symptoms, including transient ischemia 
and stroke, are more common in patients 
with heterogeneous plaque than in those 
with homogeneous, medium-echogenicity 
(fibrous) plaque. In theory, focal or 
diffuse plaque heterogeneity is related to 
complicated plaque histology and poten
tially with degeneration of the fibrous 

FIGURE 8-5. Ultrasound plaque characterization. 
A, Low-echogenicity, high lipid content plaque (P). 
B, Moderately echo genic fibrous plaque (P). C, Strongly 
echogenic calcifications (arrows) are present through
out this plaque. 

cap and endothelium. Thus, heterogeniety 
is linked with increased potential for em
bolization, as discussed previously. Plaque 
heterogeneity, therefore, is postulated as 
a precursor of hemispheric neurologic 
symptoms.* 

The principal method for assessing plaque 
echogenicity/homogeneity is visual, which 
is convenient and requires no special eqUip
ment beyond a high-resolution ultrasound 
instrument. A widely used method for 
visual assessment is that proposed by Gray
Weale and colleagues43 and by Geroulakos 
and coworkers44 that employs five easily 
defined plaque categories. The risk level 
associated with each plaque catagory is 
shown in Table 8-1 .  Although this is a 
straightforward method of plaque assess
ment, questions have been raised about 

*See references 28, 29, 32, 33, 37-40, 43, 44, 48-52, 56, 
60 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


CHAPTER 8 Ultrasound Assessment of Carotid Plaque 

FIGURE 8-6. Heterogeneous plaque. A and B, Large focal hypo echoic areas are present (arrows). C and D, The plaque 
(P) is diffusely heterogeneous, with multiple areas of low echogenicity. A focal crypt with an overhanging edge is 
present in C, consistent with ulceration. 

Table 8-1 . Carotid Plaque Types 

Risk of 

Type Characteristics Symptoms 

1 Uniformly echolucent High 
2 Predominantly High 

echolucent (>50% 
of plaque tructure) 

3 Predominantly Lower 
echogenic (>50% 
of plaque structure) 

4 Uniformly echogenic Lowest 
5 Unclassified due to Unknown 

calcification or poor 
visualization 
(partially vi ualized 
plaque may be 
cia sified on the 
basis of the region 
that is seen) 

interobserver variation in plaque category 
assignment. There are several sources for 
such variability, including intrinsic instru
ment differences, variance in instrument 
settings, and sonologist experience. Never
theless, it has been shown that excellent 
results may be obtained with visual plaque 
assessment with proper attention to 
imaging details.61 

Concerns about interobserver variabil
ity led to the development of less sub
jective methods of plaque assessment, first 
reported by El Atrozy and associates62 and 
subsequently refined by others.45,48-50,53,61 
These methods measure the sonographic 
or optical density of plaque, which in 
turn is expressed either as a median 
gray-scale/density level (called the gray-
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SECTION /I Cerebral Vessels 

scale median) for the entire plaque or 
as the difference between the highest 
and lowest values within a plaque. These 
methods provide an objective, measur
able value that describes plaque echogenic
ity, eliminating the subjectivity of visual 
plaque assessment, and there is evidence 
that interobserver variability is good to 
excellent with these techniques, espe
cially when ultrasound instrument adjust
ment is standardized. Reports of excellent 
correlation of gray-scale median and symp
tomatology also have been published. 
The difficulty with this method is the 
need for off-line computer eqUipment to 
analyze plaque gray-scale or optical density 
levels. Such assessment is time consum
ing, and the necessary eqUipment is cur
rently available only in a research setting. 
It is likely; however, that a measure
ment package designed to evaluate 
plaque echogenicity could be incorporated 
into ultrasound instruments or picture 
archiving system, facilitating clinical 
application. 

Points of Controversy 

The concept of plaque characterization 
with ultrasound was first discussed in the 
late 1970s yet has remained controversial 
to this day. In large measure, this con
troversy is based on the inconsistent results 
obtained when ultrasound findings are 
compared with plaque histology, as 
derived from endarterectomy speci
mens.27-30,33-41,43,50,51,53,56,63,64 General corre-
lation between plaque echogenicity and 
composition is well accepted; namely, that 
low-echogenicity plaque is fatty and mod
erately echogenic plaque is more fibrous. 
For specific plaque features, such as 
necrosis, hemorrhage, and lipid deposits, 
however, correlation is shaky. Generally, the 
reported sonographic-histologic correlation 
is fair to good but rarely excellent. More 
importantly, some studies, including recent 
publications, find poor correlation or no 
correlation at all between sonographic and 
histologic findings.42,46,47,63 

The association of symptomatology, 
assessed retrospectively or prospectively, 

with ultrasound plaque features generally 
has been more reliable than the association 
between histology and ultrasound findings. 
High-risk plaque types, as defined in Table 
8-1 ,  have been associated with increased 
risk of symptoms and conversely are seen 
at endarterectomy, more commonly in 
patients with symptoms than in those 
without. Nevertheless, even this aspect of 
ultrasound plaque evaluation has come into 
question, with several studies, including 
some performed with up-to-date eqUip
ment, showing no association between 
ultrasound patterns and the incidence of 
hemispheric symptoms.23,29,47,64 

The reasons for discrepant results pub
lished with respect to ultrasound plaque 
characterization are obscure. Nevertheless, 
I believe it is important to proceed with 
research in this field. The capabilities of 
ultrasound instruments improve continu
ously, and ultimately, I believe, ultrasound 
plaque findings will have a place in clinical 
patient management. For the present, 
however, I am reluctant to recommend 
that any therapeutic action be taken solely 
on the basis of plaque composition 
features. 

PLAQUE SURFACE FEATURES 

It is well established that einbolic occlusion 
of intracranial arteries is the primary cause 
of stroke, as opposed to the immediate 
hemodynamic effects of carotid stenosis or 
occlusion.64-66 It has further been estab
lished that denuded or ulcerated carotid 
plaque surfaces are common sources of 
cerebral emboli that cause stroke or other 
neurologic events. Therefore, ultra
sound assessment of plaque surface features 
is of considerable diagnostic inter
est. 1, 15,16,19,27,28,64,67-70 Unfortunately, the per-
formance of sonography for plaque surface 
assessment has been somewhat disappoint
ing. A few series of meaningful size have 
shown that ultrasound is effective for 
detecting ulcers. 15,16,19,27 Other histologically 
verified studies28,67,68,71 have shown either no 
correlation, or poor ultrasound results, for 
ulcer detection (33%-67% sensitivity and 
31 %-84% specificity) . The problem, it 
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A B 
FIGURE 8-7. Spurious plaque ulceration. A, The plaque on the wall nearest to the transducer appears to have an 
irregular surface. B, With slight adjustment of the image plane, the plaque is visualized better and instead has a 
smooth surface. Which version correctly represents the plaque surface? 

appears, is the inability of ultrasound to 
differentiate between small ulcer craters 
and other plaque deformities, as illustrated 
in Figures 8-7 and 8::"8.  Even the angio
graphic depiction of plaque ulceration is 
unreliable, as indicated by the deletion of 
this parameter from the North American 
Symptomatic Carotid Endarterectomy 
Trial. !  

In my opinion, disappointing literature 
reports concerning ulcer detection result 
from emphasis on detecting all ulcers. Truly, 
it would be useful if we could detect all 
ulcers, but technical limitations described 
previously prevent this. I believe, however, 
that sonography can successfully identify 
large ulcers that are depicted as sharply 
defined excavations, as shown in Figure 8-9. 
Before I call something an ulcer, however, I 
must be convinced of the following: (1)  the 
cavity is truly within a plaque; (2) the cavity 
is sharply marginated (perhaps with over
hanging edges, as in Figs. 8-6C and 8-9); 
and (3) there is blood flow within the cavity, 
confirmed either with color- or B-flow 
imaging (Fig. 8-10). The first two features 
help to exclude a pseudoulcer caused by 
adjacent plaques, and the third feature 
excludes a focal hypoechoic region (e.g., 
plaque hemorrhage) that could mimic an 
ulcer on casual observation. I do not feel 
that one can accurately diagnose smaller 

ulcers with standard clinical ultrasound 
eqUipment, but perhaps we will be able to 
do so in the future with three-dimensional 
imaging and reconstructed surface displays 
of the vessel lumen. !6 

1 

2 Adjacent plaques 

3 I rregular but not ulcerated plaque 

FIGURE 8-8. Sources of error in ulcer diagnosis: 1, The 
image plane (vertical bar) does not include the ulcer. 2, 
Adjacent plaques simulate ulceration. 3, The plaque 
surface is irregular but not ulcerated. 
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FIGURE &-9. Large plaque ulcers. 
A, A discrete crypt (arrow) 
is clearly present within this 
plaque. B, A large ulcer creates 
a "pseudodissection" on this 
transverse image of an internal 
carotid artery (arrows). The blue 
area is the ulcer crater and the 
red area is the arterial lumen. 
ECA, external carotid artery; 
lCA, internal carotid artery. C, 
Power Doppler in the same 
patient confirms the presence of 
a large ulcer (U). P, plaque. 
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FIGURE 8-1 0. B-flow plaque image. This 
carotid plaque is nicely outlined using B-flow. 
The plaque has a concave border (arrow), 
and the adjacent edge is acutely angulated, 
but I could not say whether this is an ulcer 
or not. (Courtesy of the General Electric Co., 
Milwaukee WI.) 

References 

1 .  Streiffler ]Y, Benavente A], Fox A]: The accuracy 
of angiographlc detection of carotid plaque 
ulceration: Results from the NASCET study 
[abstract] . Stroke 22: 1 49, 199 1 .  

2 .  Pignoli P, Tremoli E ,  Poli A, e t  al: Intimal plus 
medial thickness of the arterial wall: A direct 
measurement with ultrasound imaging. Circu
lation 6:1399-1406, 1986. 

3 .  Poli A, Tremoli E, Colombo A, et al: Ultra
sonographic measurement of the common 
carotid arterial wall thickness in hypercholes
terolemic patients. Atherosclerosis 70:253-261, 
1988. 

4. Riley WA, Barnes RW, Applegate WB, et al: 
Reproducibility of noninvasive ultrasonic mea
surement of carotid atherosclerosis. The 
Asymptomatic Carotid Artery Plaque Study. 
Stroke 23 : 1062-1068, 1992. 

5.  Bond MG, Wilmoth SK, Enevold GL, et al: 
Detection and monitoring of asymptomatic 
atherosclerosis in clinical trials. Am ] Med 
86:33-36, 1989. 

6. Ebrahim S, Papacosta 0, Whincup P, et al: 
Carotid plaque, intima media thickness, car
diovascular risk factors, and prevalent car
diovascular disease in men and women: 
The British Regional Heart Study. Stroke. 30: 
841-850, 1999. 

7 .  Sun Y, Cheng-Huai L, Chien-lung L, et al: 
Carotid atherosclerosis, intima media thickness 
and risk factors-an analysis of 1 78 1  asymp
tomatic subjects in Taiwan. Atherosclerosis 
1 64:89-94, 2002. 

8. Homa S, Nobuyoshi H, Ishida H, et al: Carotid 
plaque and intima-media thickness assessed 
by B-mode sonography in subjects ranging 
from young adults to centenarians. Stroke 
32:830-835, 200l .  

9.  Sakaguchi M,  Kitagawa K ,  Nagai Y, e t  al: Equiv
alence of plaque score and intima-media 

thickness of carotid ultrasonography for pre
dicting severe coronary artery lesion. Ultra
sound Med Bioi 29:367-371 ,  2003. 

10. Li R, Cai ], Tegeler C, et al: Reproducibility 
of extracranial carotid atherosclerotic lesions 
assessed by B-mode ultrasound: The atheroscle
rosis risk in communities study. Ultrasound 
Med BioI 22:79 1-799, 1996. 

1 1 .  Salonen R, Seppanen K, Rauremaa R, Salonen 
]T: Prevalence of carotid atherosclerosis and 
serum cholesterol levels in eastern Finland. 
Arteriosclerosis 8:788-792, 1988. 

12. Sutton-Tyrrell K, Wolfson SK, Thompson T, 
Kelsoey SF: Measurement variability in Duplex 
scan assessment of carotid atherosclerosis. 
Stroke 23:215-220, 1992. 

13. Prati P, Vanuzzo D, Casaroli M, et al: Prevalence 
and determinants of carotid atherosclerosis in a 
general population. Stroke 23: 1 705-1 7 1 1 ,  1992. 

14. Gibbons GH, Dzau V]: The emerging concept 
of vascular remodeling. N Engl ] Med 330: 
1431-1438, 1994. 

15. Wijeyaratne SM, Jarvis S, Stead LA, et al: A new 
method for characterizing carotid plaque: 
multiple cross-sectional view echomorphology. 
J Vasc Surg. 37 :778-784, 2003. 

16.  Schminke U, Motsch L, Hilker L, Kessler C: 
Three-dimensional ultrasound observation of 
carotid artery plaque ulceration. Stroke 3 1 :  
1 651-1655, 2000. 

1 7 .  Kozakova M, Morizzo C, Andreucetti F, et al: 
Quantification of extra cranial carotid artery 
stenosis by ultrafast three-dimensional ultra
sound. ] Am Soc Echocardiography 14: 
1 203-12 1 1 ,  200 l .  

18 .  Yao J ,  van Sambeek MR, Dall'Agata A ,  et al: 
Three-dimensional ultrasound study of carotid 
arteries before and after endarterectomy; analy
sis of stenotic lesions and surgical impact on 
the vessel. Stroke 29:2026-203 1 ,  1998. 

19. Palombo C, Kozakova M, Morizzo C, et 
al: Ultrafast three-dimensional ultrasound: 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


SECTION 11 Cerebral Vessels r 1681 L� L-________________________________ � ________________________________ � 

Application to carotid artery imaging. Stroke 
29: 1 63 1-1 637, 1 998. 

20. Libby P: The fire within. Scientific American 
286:46-55, 2002. 

2 1 .  Ross R, Glomset ]A: The pathogenesis of athero
sclerosis (Part 1) . N Engl J Med 295:369-377, 
1976. 

22. Ross R, Glomset JA: The pathogenesis of athero
sclerosis (Part 2) . N Engl J Med 295:420-425, 
1976. 

23. O'Leary D, Glagov S, Zarins C, Giddens D: 
Carotid artery disease. In Rifkin MD, Char
boneau JW, Laing FC (eds): Ultrasound 1991 :  
Special Course Syllabus, 7 7th Scientific Assem
bly and Annual Meeting. Oak Park, IL, RSNA 
Publications, 1991,  pp 189-200. 

24. Neureiter D, Heuschmann P, Stintzing S, et al: 
Detection of Chlamydia pneumoniae but not of 
Helicobacter pylori in symptomatic atheroscle
rotic carotids associated with enhanced serum 
antibodies, inflammation and apoptosis rate. 
Atherosclerosis 1 68 : 153-162, 2003. 

25. Ezzahiri R, Stassen FR, Kurvers HA, et al: 
Chlamydia pneumoniae infection induces an 
unstable atherosclerotic plaque phenotype in 
LDL-receptor, ApoE double knockout mice. Eur 
J Vasc Endovasc Surg 26:88-95, 2003. 

26. Sessa R, Di Pietro M, Schiavoni G, et al: Chlamy
dia pneumoniae DNA in patients with symptom
atic carotid atherosclerotic disease. J Vasc Surg 
37 :1027-103 1,  2003. 

27. O'Donnell TR ]r, Erodoes L, Mackey WC, et al: 
Correlation of B-mode ultrasound imaging 
and arteriography with pathologic findings at 
carotid endarterectomy. Arch Surg 1 20:443-
449, 1985. 

28. Lusby R], Ferrel LD, Ehrenfeld WK, et al: 
Carotid plaque hemorrhage. Arch Surg 
1 1 7: 1479-1487, 1981 . 

29. Reilly LM: Importance of carotid plaque mor
phology. In Bernstein EF (ed) : Vascular Diagno
sis, 4th ed. St. Louis, Mosby-Year Book, 1993, 
pp 333-340. 

30. Bassiouny HS, Sakaguchi Y, Mikucki SA, et al: 
Juxtalumenal location of plaque necrosis and 
neoformation in symptomatic carotid stenosis. 
] Vasc Surg 26:585-594, 1977 .  

3 1 .  AbuRahma AF, Wulu JT Jr, Crotty B:  Carotid 
plaque ultrasonic heterogeneity and severity of 
stenosis. Stroke 33: 1 772-1 7 75, 2002. 

32. Pedro LM, Fernandes e Fernandes ], Pedro 
MM: Ultrasonographic risk score of carotid 
plaques. Eur ] Vasc Endovasc Surg 24:492-498, 
2002. 

33.  Bluth EI: Evaluation and characterization of 
carotid plaque. Semin Ultrasound CT MR 
18:57-65, 1997.  

34. Weinberger ], Marks SJ, Gaul ]], et al :  Athero
sclerotic plaque at the carotid artery bifurca
tion: Correlation of ultrasonographic imaging 

with morphology. ] Ultrasound Med 6:363-366, 
1987. 

35.  Edwards JH, Kricheff II,  Gorstein F, et al:  Athero
sclerotic subintimal hematoma of the carotid 
artery. Radiology 133 :123-129, 1987.  

36. Seeger ]M, Klingman N: The relationship 
between carotid plaque composition and neu
rologic symptoms. ] Surg Res 43:78-85, 1987. 

37.  Imparato AM, Riles TS, Gorstein F: The carotid 
bifurcation plaque: PatholOgiC findings associ
ated with cerebral ischemia. Stroke 3:238-245, 
1979. 

38. Reilly M, Lusby RF, Highes L, et al: Carotid 
plaque histology using real time ultrasonogra
phy: Clinical and therapeutic implications. 
Arch Surg 1 20:1010-1012, 1985. 

39. Bluth EI, Kay D, Merritt CRB, et al: Sonographic 
characterization of carotid plaque: Detection 
of hemorrhage. Am ] Neuroradial 7 :31 1-314, 
1986. 

40. Imparato AM, Riles TS, Mintzer K, et al: The 
importance of hemorrhage in the relationship 
between gross morphologic characteristics 
and cerebral symptoms in 376 carotid artery 
plaques. Ann Surg 197 : 195-198, 1983. 

41.  Widder B, Paulat K, Hackspacher ], et al: 
Morphological characterization of carotid 
artery stenosis by ultrasound duplex scanning. 
Ultrasound Med BioI 1 6:349-354, 1990. 

. 

42. Ratiff DA, Gallagher P], Hames TK, et al: 
Characterization of carotid artery disease: 
Comparison of duplex scanning with histology. 
Ultrasound Med BioI 1 1 :835-840, 1985. 

43. Gray-Weale AC, Graham ]C, Burnett ]R, et al: 
Carotid artery atheroma: Comparison of pre
operative B-mode ultrasound appearance with 
carotid endarterectomy specimen pathology. ] 
Cardiovasc Surg 29:676-681 ,  1988. 

44. Geroulakos G, Ramaswami G, Nicolaides A, 
et al: Characterization of symptomatic and 
asymptomatic carotid plaques using high
resolution real-time ultrasonography. Br ] 
Surg 80: 1274-1277, 1993. 

45. el-Barghouty N, Nicolaides A, Bahal V, et al: The 
identification of the high risk carotid plaque. 
Eur ] Vasc Endovasc Surg 1 1 :470-478, 1996. 

46. Droste OW, Karl M, Bohle RM, Kaps M: 
Comparison of ultrasonic and histopathologi
cal features of carotid artery stenosis. Neurol 
Res 19:380-384, 1997.  

47. Hatsukami TS, Ferguson MS, Beach KW, et al: 
Carotid plaque morphology and clinical events. 
Stroke 28:95-100, 1977.  

48.  Biasi GM, Sampaolo A,  Mingazzini P, et  al: 
Computer analysis of ultrasonic plaque echolu
cency in identifying high risk carotid bifurca
tion lesions. Eur ] Vasc Endovasc Surg 
1 7:476-479, 1999. 

49. Tegos T], Sabetai MM, Nicolaides AN, et al: 
Comparability of the ultrasonic tissue charac-

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


CHAPTER 8 Ultrasound Assessment of Carotid Plaque r��'�1 � ____________________________________________________________ � �_J 
teristics of carotid plaques. J Ultrasound Med 
19:399-407, 2000. 

SO. Aly S, Bishop CC: An objective characterization 
of atherosclerotic lesion: An alternative method 
to identify unstable plaque. Stroke 3 1 :  
1921-1924, 2000. 

5 1 .  Schulte-Altedorneburg G, Droste DW, Haas N, 
et al: Preoperative B-mode ultrasound plaque 
appearance compared with carotid endarterec
tomy specimen histology. Acta Neurol Scand 
101 : 188-194, 2000. 

52. Mathiesen EB, Bonaa KH, Joakimsen 0: Low 
levels of high-density lipoprotein cholesterol 
are associated with echolucent carotid artery 
plaques: The tromso study. Stroke 32: 1960-
1965, 2001 .  

53.  Ciulla MM, Paliotti R ,  Ferrero S ,  et  al: 
Assessment of carotid pla,que composition in 
hypertensive patients by uHrasonic tissue char
acterization: A validation study. ] Hypertens 
20: 1589-1596, 2002. 

54. Gronholdt ML, Nordestgaard BG, Bentzon ], 
et al. Macrophages are associated with lipid-rich 
carotid artery plaques, echo lucency on B-mode 
imaging, and elevated plasma lipid levels. ]  Vasc 
Surg 35 : 137-145, 2002. 

55.  Gronholdt ML, Nordestgaard BG, Schroeder TV, 
et al: Ultrasonic echolucent carotid plaques 
predict future strokes. Circulation 104:68-73, 
2001 .  

56. Goncalves I ,  Moses ], Pedro LM, et al: Echolu
cency of carotid plaques correlates with plaque 
cellularity. Eur ] Vasc Endovasc Surg 26:32-38, 
2003. 

5 7. Denzel C, Fellner F, Wutke R, et al: Ultrasono
graphic analysis of arteriosclerotic plaques in 
the internal carotid artery. Eur J Ultrasound 
1 6 : 1 61-167, 2003. 

58. Bicknell CD, Cheshire NJ: The relationship 
between carotid atherosclerotic plaque mor
phology and the embolic risk during endovas
cular therapy. Eur ] Vasc Endovasc Surg 
26:1 7-21, 2003. 

59. Cave EM, Pugh ND, Wilson RJ, et al: Carotid 
artery duplex scanning: Does plaque echogenic
ity correlate with patient symptoms? Eur J Vasc 
Endovasc Surg 1 0:77-81 ,  1995. 

60. Polak ]F, Shemanski L, O'Leary DH, et al: 
Hypoechoic plaque at US of the carotid artery: 

an independent risk factor for incident stroke 
in adults aged 65 years or older. Cardiovascular 
Health Study. Radiology 208:649-654, 1998. 
[Erratum in Radiology 209:288-289, 1998.] 

61. Mayor I, Momjian S, Lalive P, Sztajzel R: Carotid 
plaque: comparison between visual and grey
scale median analysis. Ultrasound Med BioI 
29:961-966, 2003. 

62. El Atrozy T, Nicolaides A, Tegos, et al: The effect 
of B-mode standardization on the echogenicity 
of symptomatic and asymptomatic carotid 
bifurcation plaque. Int Angiol 1 7: 1 79-186, 
1998. 

63. Wolverson MK, Bashiti HM, Peterson GJ: Ultra
sonic tissue characterization of atheromatous 
plaques using a high resolution real time 
scanner. Ultrasound Med BioI 6:669-709, 1983. 

64. Carr S, Farb A, Pearce WH, et al: Atherosclero
sis plaque rupture in symptomatic carotid 
artery stenosis. ] Vasc Surg 12:755-766, 1 996. 

65. Brown PB, Zwiebel W], Call CK: Degree of cer
vical carotid artery stenosis and hemispheric 
stroke: Duplex sonographic US findings. Radi
ology 1 70:541-543, 1 989. 

66. Carroll BA: Duplex sonography in patients with 
hemispheric stroke symptoms. 1 Ultrasound 
Med 8:535-539, 1989. 

67.  Bluth EI, McVay LV, Merritt CRB, Sullivan MA: 
The identification of ulcerative plaque with 
high resolution duplex sonographic carotid 
scanning. J Ultrasound Med 7: 73-76, 1988. 

68. O'Leary DH, Holen ], Ricotta J], et al: Carotid 
bifurcation disease: Prediction of ulceration 
with B-mode ultrasound. Radiology 162: 
523-525, 1987.  

69. Hallam M], Reid 1M, Cooperberg PL: Color flow 
Doppler and conventional duplex scanning of 
the carotid bifurcation: Prospective, double
blinded, correlative study. Am ] Radiol 153 :  
1 101-1 105, 1989. 

70. Steinke W, Kloetzsch C, Hehherici M: Carotid 
artery disease assessed by color Doppler flow 
imaging: Correlation with standard Doppler 
sonography and angiography. Am 1 Radiol 
154: 1061-1068, 1990. 

7 1 .  Sitzer M, Wolfram M, Jorg R, et al: Color flow 
Doppler-assisted duplex imaging fails to detect 
ulceration in high-grade internal carotid artery 
stenosis. ] Vasc Surg 24:461-465, 1996. 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


Chapter 
9 

Ultrasound Assessment of 
Carotid Stenosis 

This chapter provides an overview of the 
traditional and evolving criteria used for 
grading carotid artery stenosis, as well as 
the clinical relevance of sonography in the 
management of symptomatic and asymp
tomatic carotid disease. Also included are 
discussions of carotid restenosis after endar
terectomy and the diagnostic difficulties 
imposed by internal carotid coils and kinks 
and bilateral high-grade carotid stenosis. 

TECHNICAL NOTES 

The technical aspects of carotid sonography 
are presented in detail in Chapter 7. Never
theless, a few technical points are included 
here to present our perspective on the 
carotid ultrasound examination. 

We begin the carotid artery duplex exam
ination by recording the indication for the 
examination. The patient's carotid and sub
clavian arteries are then auscultated for 
bruits, and the carotid and radial pulses are 
palpated bilaterally. Brachial systolic and 
diastolic blood pressures are measured in 
each arm. The carotid duplex ultrasound 
examination includes the carotid and verte
bral arteries bilaterally, as stipulated by vas
cular laboratory accrediting organizations. 
It is important to perform bilateral carotid 
examinations, because the flow characteris
tics in one carotid artery may be influenced 
significantly by the status of the contralat
eral carotid artery. A very-high-grade steno
sis or occlusion of one common or internal 
carotid artery can result in increased com
pensatory flow in the opposite vessel.l This 
leads to velocity readings in the patent 
artery that are higher than expected and 

may suggest a greater degree of stenosis 
than is actually present. 

The ultrasound examination should 
include both longitudinal and transverse 
scans of the vessels. Vessel diameter meas
urements, visual assessment of stenosis 
severity, and plaque assessments should be 
done in the transverse plane. Doppler wave
forms should be generated from the longi
tudinal plane. Gray-scale images alert the 
examiner to the presence of plaque in the 
arterial wall, while changes in the hue of 
the color flow pattern suggest the presence 
of stenosis. 

Detailed characterization of carotid 
plaques for routine clinical duplex scanning 
is controversial (see Chapter 8). Advances in 
duplex scanning technology have allowed 
better elucidation and characterization of 
carotid plaque; however, there are currently 
no definite therapeutic recommendations 
that can be made from ultrasound plaque 
characteristics. 

Interpretative criteria for carotid stenosis 
are based primarily on the Doppler-derived 
velocity waveforms. Errors in Doppler posi
tion and errors in angle correction will 
therefore lead to serious errors in diagnosis. 
The Doppler waveform should be obtained 
with an angle of insonation not exceeding 
60 degrees and preferably as close to 60 
degrees as possible. Measurements obtained 
with an angle of insonation greater than 
60 degrees are likely to be inaccurate, even 
with the appropriate angle adjustment. In 
our department, we routinely obtain 'spec
tral Doppler waveforms from the common 
carotid artery (CCA) low in the neck; from 
the CCA just proximal to the carotid bifur
cation; from the proximal, mid-, and distal 
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SECTION /I Cerebral Vessels 

(cervical) internal carotid artery (lCA); and 
from the origin of the external carotid 
artery (ECA). Additional waveforms are 
obtained from any areas of suspected steno
sis, as suggested by gray-scale or color flow 
images. When evaluating the CCA, a spec
tral waveform should always be generated 
from the most proximal, straight segment of 
the vessel that is accessible to the scan head. 
For calculating the systolic velocity ratio 
(discussed later), the common carotid peak 
systolic velocity (PSV) should be measured 
at a standardized distance from the point at 
which the ICA and ECA divide, as discussed 
in Chapter 7. We also measure spectral 
Doppler waveforms across the transverse 
axis of the carotid bulb to document flow 
patterns indicating normality. Unidirec
tional flow is found along the flow divider 
of the bifurcation in normal carotid arteries. 
There is transient reversal of flow at peak 
systole near the center stream and at the 
outer wall opposite the flow divider, and the 
velocities along the outer wall may drop to 
zero at the end of diastole. These normal 
flow patterns are used in conjunction with 
the absence of visible plaque to indicate a 
normal carotid bulb. 

Velocity measurements are recorded rou
tinely from the proximal, mid-, and distal 
cervical portions of the ICA. The flow 
pattern should be that of a typical low
resistance vessel. Normal flow disturbances 
of the carotid bulb may extend into the 
mid-ICA and can be reflected in waveforms 
obtained at that level. The distal ICA 
includes the segment at least 3 cm above 
the bifurcation. Atherosclerosis usually 
develops within the first 2 cm of the bifur
cation and rarely is isolated in the distal 
portion of the vessel. There are, however, a 
few circumstances, such as fibromuscular 
hyperplasia, where velOCity increases are 
localized to the distal ICA, without the pres
ence of proximal ICA plaque. 

DETECTING AND 
ASSESSING STENOSIS 

Doppler diagnosis of carotid stenosis 
focuses on three areas, the prestenotic 
region, the stenosis itself, and the post-

stenotic region. Although the most impor
tant Doppler findings are observed within a 
carotid stenosis, diagnostically significant 
findings also are present in the pre- and 
poststenotic regiOns, as discussed in the 
following sections. 

CCA Waveform Findings 

The character of the normal CCA Doppler 
velocity waveform is that of a low-resistance 
vessel, as 80% of the CCA flow is into the 
ICA. The CCA end-diastolic velocity (EDV) 
should be above zero in normal individuals 
and should be similar to the EDV of the con
tralateral common carotid taken at approx
imately the same level in the neck. 

In the great majority of cases, carotid 
stenosis or occlusion occurs in the proximal 
ICA. As a result, the CCA exhibits Doppler 
waveform findings typical of the prestenotic 
region. In the presence of very-high-grade 
ICA stenosis or ICA occlusion, outflow is 
primarily through the higher-resistance 
external carotid circulation. Under such cir
cumstances the CCA waveform takes on 
the high-flow-resistance characteristics of an 
ECA (Fig. 9-1) ,  with flow to zero, or nearly 
zero, in end-diastole. In addition, the PSV 
and the overall flow velocity may be sub
stantially lower than normal due to ,reduced 
carotid artery flow. By merely observing 
these changes in the CCA, one can reliably 
predict the presence of high-grade stenosis 
or occlusion of the ICA. For this and other 
reasons mentioned later, it is good practice 
to begin the interpretation of carotid ultra
sound studies by comparing side to side the 
Doppler waveforms in the CCAs. 

The CCA contralateral to an ICA stenosis 
or occlusion may demonstrate increased 
flow velocity overall, with particular eleva
tion of the EDV. These changes represent 
a compensatory increase in blood flow 
volume in the nonobstructed ICA in 
response to reduced cerebral perfusion. As 
this compensatory hemodynamic change 
can be substantial, stenosis-related flow 
velocities may be artifiCially elevated on the 
side with compensatory high-volume flow. 
This problem is addressed later in this 
chapter. 
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FIGURE 9-1 . High-resistance flow 
proximal to severe occlusive 
disease. A, This common carotid 
Doppler waveform has a high
resistance, triphasic configuration 
due to internal carotid artery 
(lCA) occlusion. B, High resist
ance is manifested in this lCA 
waveform due to distal lCA occlu
sive disease at the base of the 
skull. 

B 

A 

In the presence of a significant stenosis at 
the origin of the CCA or the right brachio
cephalic artery, the ipsilateral CCA wave
form may be dampened, with low velocity 
overall and a slower rise to peak systole 
when compared with the contralateral 
common carotid waveform (Fig. 9-2). The 
cervical CCA, in such cases, represents 
the poststenotic region, rather than the 
prestenotic region, as occurs in ICA steno
sis. It is very important to note the CCA 
waveform findings caused by proximal 
stenosis, as they often are the only indica
tor of clinically significant carotid occlusive 
disease that may be treatable. The CCA flow 

FIGURE 9-2. Markedly damped 
Doppler waveforms due to proxi
mal common carotid artery occlu
sive disease. 

changes seen with proximal stenoses are 
also important diagnostically because the 
overall reduction in flow velocity may 
artificially lower velocities in an ipsilateral 
ICA stenosis, leading to underestimation of 
stenosis severity. In some cases of proximal 
CCA or innominate artery stenosis, the ipsi
lateral common carotid waveform may 
exhibit poststenotic turbulence low in the 
neck, representing disturbed flow distal to 
the stenosis. An illustration with such find
ings is included in Chapter 16 .  

When low-velocity, damped Doppler 
waveforms are seen in the CCA, one should 
initially ascertain if the finding is unilateral 
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or bilateral. If it is unilateral, it is likely that 
the cause is a CCA origin or bracheocephalic 
artery stenosis, as discussed previously. If 
the finding is bilateral, however, the etiol
ogy is cardiac, either in the form of critical 
aortic stenosis or severely diminished 
myocardial function accompanied by a low 
ejection fraction. 

Doppler Findings in 
the Stenosis 

Color flow imaging permits rapid identifi
cation of the carotid vessels and allows for 
easier recognition of flow abnormalities that 
suggest the presence of stenosis. Color flow 
imaging also more accurately identifies lCA 
occlusion than does gray-scale imaging 
alone and is essential for distinguishing ICA 
occlusion from very-high-grade stenosis, as 
discussed in the following chapter. The pres
ence of color shifts, indicating high veloc
ity flow, and color mosaics, indicating 
poststenotic turbulence, aid in selecting 
potential areas for examination with the 
pulsed Doppler. 

Although color flow and gray-scale 
imaging are important for identifying 
stenosis and for accurate placement of the 
Doppler sample volume, hemodynamic 
quantification of the severity of carotid 
stenosis is still primarily achieved by analy
sis of Doppler spectral waveforms. The spe
cific measurements used for this purpose are 
the PSV and EDV and the systolic velocity 
ratio, as illustrated in Figure 9-3. As a steno
sis develops, the PSV first becomes elevated; 
therefore, PSV is a principal measure of 
stenosis severity. EDV lags behind, relatively 
speaking, as stenosis severity progresses but 
rises rapidly as the stenosis becomes severe 
(diameter reduction of � 60%). Thus, EDV is 
a good marker for high-grade stenosis. The 
systolic velocity ratio is a very important 
measure of stenosis severity, as it compen
sates for abnormally high and low flow 
states that skew the PSV and EDV upward 
or downward, as discussed later. 

To accurately measure flow velocity, the 
sample volume must be properly placed 
within the area of greatest stenosis. Origi
nally, this meant placing the sample volume 

in the center of the vessel to minimize spec
tral broadening. Color flow, however, has 
demonstrated that the orientation of the 
stenotic jet within a stenosis is frequently 
not along the longitudinal axis of the vessel. 
This finding has resulted in controversy 
with regard to the proper technique of 
obtaining velocity waveforms at sites of 
stenosis. In areas of mild to moderate steno
sis, use of a Doppler angle of 60 degrees to 
the long axis of the vessel is recommended. 
In areas of more severe stenosis and/or wall 
abnormalities, however, the Doppler angle 
of 60 degrees should be defined by the long 
axis of the stenotic flow jet, as demonstrated 
by color flow (Fig. 9-3A) .  The sample 
volume size should be kept as small as pos
Sible, usually 1 .5 mm, to detect discrete 
changes in flow velocity. This is important, 
as the highest velocities may be localized 
to a small area in the flow stream that 
emanates from the stenosis. In practice, 
the sonographer, having identified the 
stenosis, gently moves the sample volume 
about until the point of highest velocity is 
found. 

Although color flow sonography is not 
the primary means for measuring the 
severity of carotid stenosis, the flow image 
represents an important safeguard for 
preventing diagnostic error. In all cases, the 
Doppler and color flow findings should be 
cross-checked for concordance. If there is 
disagreement between the impression 
obtained with the color and Doppler exam
inations (e.g., color Doppler suggests high
grade stenosis but velocities are only 
moderately elevated), the findings of both 
should be reviewed to resolve the discrep
ancy. Frequently, the cause of such discrep
ancies is abnormally high or low flow 
volume, as discussed previously in the 
section on CCA waveform findings. 

Doppler Findings Distal to 
the Stenosis 

Damping of Doppler velocity waveforms 
may be seen in the region distal to carotid 
stenosis when the lesion is severe and flow 
reducing (Fig. 9-3C) . This finding was dis
cussed and illustrated previously with 
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FIGURE 9-3. Internal carotid artery (ICA) 
stenosis exceeding 70% diameter reduction. 
A, Color Doppler indicates considerable nar
rowing of the ICA. Extremely high systolic 
and diastolic velocities are present in the 
stenosis (peak systole, 721 cm/sec; end dias
tole, 343 cm/sec). B, Severely disturbed flow is 
evident in the poststenotic region, indicated 
by poor definition of the spectral border and 
simultaneous forward and reverse flow in 
systole. C, ICA Doppler waveforms distal to the 
stenosis are damped, with delayed acceleration 
to peak systolic velocity and disproportionate 
diastolic flow. 

A 

B 
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respect to carotid origin stenosis. Severely 
damped Doppler signals may be seen distal 
to near-occlusive stenoses of the internal 
carotid, as illustrated in the chapter that 
follows. 

The most common abnormality seen 
distal to carotid stenosis is spectral broad
ening caused by disturbed blood flow or 
frank turbulence. Poststenotic flow distur
bance is at best a qualitative measure of arte
rial stenosis; nevertheless, its detection is of 
importance. Fill-in of the Doppler spectral 
waveform generally indicates the presence 
of carotid stenosis with diameter reduction 
of at least 50%, but this level of disturbed 
flow occasionally can be seen with non
stenotic disease. Diagnostically, the most 
significant poststenotic flow disturbance 
produces simultaneous forward and reverse 
spectral Doppler signal, accompanied by 
poor definition of the upper spectral border, 
as illustrated in Chapter 3. This form of dis
turbed flow implies the presence of severe 
carotid stenosis and should not be disre
garded. In patients with markedly calcified 
carotid plaque, severely disturbed flow 
distal to the plaque may be the only sub
stantial evidence of the presence of clini
cally Significant stenosis. 

The use of a large sample volume that 
incorporates flow from many pOints within 
the vessel in the generation of the spectral 
waveform may give the false impression of 
disturbed flow, potentially leading to the 
misdiagnosis of moderate disease in an 
otherwise normal vessel. This becomes par
ticularly important when spectral broaden
ing is a parameter in distinguishing normal 
arteries from those with mild or moderate 
degrees of atherosclerotic plaque. When 
spectral broadening is used to assess the 
degree of carotid artery stenosis, careful 
attention must also be paid to the gain set
tings. If the gain is set too high, spectral 
broadening will occur as an artifact. 

GRADING CAROTID STENOSIS 

Many factors contribute to the clinical 
importance of a carotid plaque. These 
include plaque composition,2-s hemor
rhage,6 ulceration,7 the state of the fibrous 

cap overlying the plaque, and the severity 
of lumen reduction. Of these factors, 
however, only the severity of stenosis has 
been uneqUivocally demonstrated to pre
dict stroke. It is the ability of duplex 
scanning to accurately categorize carotid 
artery stenosis that has made duplex ultra
sound the primary modality for evaluating 
carotid artery disease. 

Duplex criteria for quantifying carotid 
artery stenosis have been developed prima
rily through comparisons of duplex-derived 
spectral waveforms and contrast arteri
ograms. Fine differences in the degree of 
stenosis, as measured by angiography, 
cannot be delineated with duplex scanning, 
and duplex-derived categories of stenosis 
are therefore relatively broad. Sensitivities 
and speCifiCities for spectral analysis of 
duplex-derived waveforms for detecting an 
ICA stenosis of 50% to 99% or greater are 
between 90% and 95%.8,9 At this time, 
detection of specific threshold levels of ICA 
stenosis appears to be most important 
clinically. 

There are numerous spectral criteria for 
classifying stenosis in the ICA. Some focus 
on categories of stenosis, while others focus 
on threshold levels of stenosis. One of the 
most widely accepted classification schemes 
for categories of ICA stenosis was developed 
at the University of Washington under the 
direction of Dr. Eugene Strandness. These 
criteria have been useful in the study of the 
natural history of carotid atherosclerosis 
and in clinical practice (Table 9-1) .  In the 
University of Washington system, velocity 
waveform analysis and spectral criteria are 
used to classify ICA angiographic stenosis as 
normal, 1% to 15%, 16% to 49%, 50% to 
79%, and 80% to 99% stenosis and occlu
sion.10 Prospective validation of these crite
ria has demonstrated an overall agreement 
of 82% with contrast angiography. The 
ability to recognize normal arteries (speci
ficity) is 84%, and the sensitivity of the cri
teria to detect carotid disease is 99%.) 1, 12 

Carotid Endarterectomy Trials 

All diagnostic tests, including carotid artery 
duplex scanning, must undergo continued 
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Table 9-1 . U n i  ersity of Wa h i ngton Duplex riteria for I n ternal ar tid rter Stenosi 

Diameter Reduction (%) 

1 0 
1 - 1 5  

9 

5 79 
0-99 

Iud d 

Velocity 

P > 1 2  ml 

and ED > 

t d l i n  diastol ic flow r r er d flow in 
ip  i lateral 

CCA, common carotid artery; EDV, end-diastolic velocity; ICA, internal carotid artery; PSV, peak systolic 
velocity. 

reevaluation to remain relevant to current 
clinical practice. Prospective randomized 
trials of the efficacy of carotid endarterec
tomy (CEA; e.g., the North American Symp
tomatic Carotid Endarterectomy Trial 
[NASCET] 13 and the Asymptomatic Carotid 
Atherosclerosis Study [ACAS] 14) have had a 
profound impact on validating the indica
tions for CEA in patients with carotid bifur
cation atherosclerosis. Not surprisingly, the 
results of these trials have also changed the 
way many interpret and report carotid 
duplex examinations. 

In NASCET, symptomatic patients with 
ICA stenosis of 70% to 90% diameter reduc
tion treated with a combination of medical 
management and CEA had an ipsilateral 
fatal and nonfatal stroke rate of 7.0% at 18  
months, compared with an  ipsilateral fatal 
and nonfatal stroke rate of 24% at 18 
months when treated with medical man
agement alone. The difference was highly 
significant (P < 0.001). This represents an 
absolute reduction in risk of 1 7% in favor of 
surgical management and a relative risk 
reduction of 71 %, favoring a combination 
of medical and surgical management over 
medical management alone, by the end of 
18 months. Patients with symptomatic 
stenosis of the ICA of 50% to 69% diameter 
reduction were also studied in this trial. The 
stroke and death rate at 5 yr was 15 .7% for 
patients treated with a combination of 
medical management and CEA versus 22% 
for patients treated with medical manage
ment alone. There was no benefit of CEA in 

patients with symptoms and ICA stenosis of 
less than 50% diameter reduction. Overall, 
with regard to symptomatic ICA stenosis, 
CEA for ICA stenosis of 70% to 99% has 
the highest therapeutic index, while the 
therapeutic index for CEA in patients with 
ICA stenosis of 50% to 69% is relatively 
modest. 

The ACAS established surgical benefit for 
prophylactic CEA in good-risk patients with 
ICA asymptomatic stenosis of 60% to 99%.15 
In this study, there was a 5 .9% absolute and 
a 53% relative risk reduction in patients 
treated with CEA and medical management 
versus patients treated with medical man
agement alone. After a mean follow-up 
of 2.7 yr, the aggregate risk over 5 yr for 
ipsilateral stroke and death was 1 1% for 
patients treated only medically and 5 . 1% 
for patients treated with CEA and medical 
management. Thus, 19 patients would need 
to undergo CEA to prevent one stroke over 
a 5-yr interval. Therefore, the benefit of 
operation in asymptomatic patients is not 
large, and the therapeutic index for CEA is 
quite narrow in patients with even high
grade asymptomatic ICA stenosis. 

In both the NASCET and ACAS studies, 
ICA stenosis was calculated from arteri
ograms by .comparing the diameter of the 
minimal residual lumen to the diameter of 
the presumably disease-free distal cervical 
ICA, 16,17 as illustrated in Figure 9-4. The 
University of Washington duplex criteria, 
which preexisted the endarterectomy trials, 
were also obtained by comparing duplex 
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FIGURE 9-4. North American Symptomatic Carotid 
Endarterectomy Trial (NASCET) and Asymptomatic 
Carotid Atherosclerosis Study (ACAS) stenosis meas
urement method. The least diameter of the stenosis (S) 
is compared with the postbulbar ICA diameter (C). 
Percent stenosis is SIC x 100. The University of Wash
ington criteria were obtained by comparing the diam
eter of the residual stenotic lumen (S) with the 
diameter of the ICA bulb (B) estimated as if free of 
disease. 

waveforms with contrast carotid angio
grams. However, in developing the Univer
sity of Washington criteria, carotid artery 
stenosis was estimated by comparing the 
diameter of the residual lumen at its nar
rowest point with an estimate of the 
diameter of the ICA bulb if it were free 
of atherosclerosis. Because the bulb has a 
greater diameter than the distal ICA, the 
two methods of measurement do not give 
the same calculated percentage of angio
graphic stenosis for the same lesion. Calcu
lations of angiographic stenosis using the 
distal ICA as the reference vessel result in 
lower calculated stenosis percentages than 
calculations using the bulb as the reference 
site. This effect is particularly striking for 
more modest lesions. 

In a review of 1001 internal carotid 
angiograms, 34% of the ICAs were classified 
as stenosis of 70% to 99% using the ICA 
bulb as the reference vessel. In contrast, 
when the distal cervical ICA was used as the 
reference site, only 1 6% of the ICAs were 
classified as 70% to 99% stenosis. More than 

99% of distal ICA-based calculations of 
stenosis were less than bulb-based calcula
tionsY Thus, the duplex stenosis criteria 
developed at the University of Washington 
using the bulb as the reference vessel are not 
directly applicable to the results of NASCET 
or ACAS. In addition, many duplex criteria, 
including the University of Washington cri
teria, do not specifically address the 60% 
and 70% threshold levels used in ACAS and 
NASCET. 

NASCET / ACAS-Based ICA 
Stenosis Criteria 

Since the randomized CEA trials were com
pleted, new duplex criteria for noninva
sively determining ICA stenosis have been 
developed that are · directly relevant to 
NASCET and ACAS. 1B•19 These new criteria 
should not replace the University of Wash
ington criteria that very accurately quantify 
atherosclerosis in the carotid bulb. Rather, 
they are most useful in aiding selection of 
patients for CEA, because they are directly 
applicable to the threshold levels of carotid 
stenosis addressed in the NASCET and ACAS 
trials. 

The initial studies addressing this issue 
were performed at the Oregon Health & 
Science University. Duplex results in more 
than 300 internal carotid arteries were com
pared with angiograms, with angiographic 
stenosis calculated according to the 
NASCET and ACAS method. Using receiver
operator characteristics (ROC) curves and 
analysis of many duplex variables, it was 
determined that a systolic velocity ratio (the 
ratio of the maximal ICA [PSV] to maximal 
CCA PSV low in the neck) of 4.0 or more 
provided the highest accuracy in identify
ing a NASCET stenosis of 70% to 99%.IB 
These data were later confirmed in a 
prospective study utilizing duplex scans and 
angiographic studies from our institution 
and from the University of Washington. In 
this study, duplex scans and angiograms 
were compared from 158 ICAs. Forty-two 
percent of the ICAs had an angiographic 
stenosis of 70% to 99% calculated according 
to the NASCET method. A systolic velocity 
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ratio of 4.0 or higher was able to predict ICA 
stenosis of 70% to 99% with 91% sensitiv
ity, 90% specificity, and an overall accuracy 
of 90%.20 

Duplex velocity criteria were also devel
oped at Oregon Health & Science University 
for asymptomatic patients, defining the ICA 
stenosis threshold of 60% or greater utilized 
by ACAS. 19 ICA angiograms and duplex 
examinations were again compared. ROC 
curves for many different duplex variables 
were derived, and the combination of a PSV 
of 260 cm/sec or greater and an EDV of 
70 cm/sec or greater provided the highest 
accuracy for identifying an angiographic 
ICA stenosis of 60% to 99% (84% sensitiv
ity, 94% specificity, positive predictive value 
of 92%, overall accuracy of 90%). Similar 
results were obtained with a systolic veloc
ity ratio of 3.2 or greater. Because a duplex 
scan suggesting ICA stenosis of 60% to 99% 
in an asymptomatic patient may lead to an 
angiogram or operation and noting the 
modest therapeutic benefit of CEA in 
asymptomatic patients, it was reasoned that 
under many clinical circumstances, criteria 
for asymptomatiC patients should have an 
even higher positive predictive value than 
for symptomatic patients. A 95% positive 
predictive value for ICA angiographic steno
sis of 60% to 99% could be achieved in the 
same database with a combination of an 
ICA PSV of 290 cm/sec or greater and an 
EDV of 80 cm/sec or greater. To provide 
maximal current clinical relevance to refer
ring physicians, our vascular laboratory 
now reports the results of carotid artery 
duplex scanning using both the University 
of Washington criteria and these more 
recently derived threshold criteria for 
asymptomatic ICA stenosis of 60% to 99% 
or more and symptomatic ICA stenosis of 
70<)10 to 99% or more. 

Different duplex devices are known to 
vary in their estimation of standardized 
velocities tested in a phantom model. 
Careful analYSis of data from several centers 
by Fillinger and coUeagues21 suggests that 
differences in patient composition at each 
center and slight variations in measured 
velocities from duplex devices of different 
manufacturers account for this finding. 

Clearly, no specific duplex criteria for a 
threshold level of angiographic carotid 
stenosis can be both 100% sensitive and 
specific. Proper interpretation of carotid 
artery duplex examinations reqUires recog
nition that criteria for predicting a specific 
level of angiographic ICA stenosis may vary 
with the duplex scanner utilized and that 
any given velocity criteria will be associated 
with some false negatives and some false 
positives. 

Consensus Committee ICA 
Stenosis Criteria 

Recognizing that duplex criteria from dif
ferent centers differ for the threshold levels 
of angiographic stenosis determined by 
ACAS and NASCET, a panel of authorities 
from a variety of medical specialties assem
bled to review the carotid ultrasound litera
ture. This group, which convened in 2002, 
focused on previously untreated atheroscle
rotic stenosis of the proximal ICA. The 
panel developed a consensus regarding the 
key components of the carotid ultrasound 
examination and reasonable criteria for 
stratification of ICA stenosis.22 

The consensus committee recommended 
that all carotid examinations be performed 
with gray-scale imaging, color Doppler, 
and spectral Doppler. The examination 
should be performed by a credentialed 
vascular technologist in accordance with 
the standards of one of the accrediting 
bodies. Doppler waveforms should be 
measured with an insonation angle as close 
to 60 degrees as possible but not exceeding 
60 degrees, and the sample volumes should 
be placed within the area of maximal steno
sis. The panelists also noted that report
ing of the degree of ICA stenosis varies from 
laboratory to laboratory, among different 
readers within the same laboratory, and 
even with the same individual. 23-27 The 
consensus panelists recommended that 
laboratories establish protocols for stratify
ing the degree of ICA stenosis based on 
Doppler measurements and that, once 
established, these criteria should apply to all 
readers within the laboratory. With the 
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understanding that ultrasound is most accu
rate when lesions are classified as lying 
above or below a single level, such as 60% 
stenosis or 70% stenosis, the panelists rec
ommended the consistent use of relatively 
broad diagnostic strata to estimate the 
degree of ICA stenosis with ultrasound.28 
They also recognized that Doppler is rela
tively inaccurate for subcategorizing 
stenoses of less than 50% and recom
mended that these stenoses be reported 
under a single category as stenosis of less 
than 50%. It was suggested that subcate
gories for minor degrees of stenosis not be 
used. 

Based on extensive discussions and review 
of numerous studies (Table 9-2A and 
B), 18,19,23,28-45 the consensus panel recom-
mended stratifying the degree of ICA steno
sis, based on Doppler and imaging results, 
into the following strata: normal (no hemo
dynamic or gray-scale evidence of athero
sclerosis); stenosis of less than 50%; stenosis 
of 50% to 69%; stenosis of 70% or more but 
less than near occlusion; near occlusion; 
and occlusion. The diagnosis of near occlu
sion and occlusion should be based on 
Doppler measurements of velocity as well as 
gray-scale and color Doppler findings. The 
stenosis thresholds of 50% and 70% were 
chosen because they were felt to be thresh
olds used by many surgeons for operative 
intervention. 

The panel noted that many Doppler 
parameters are used for the evaluation of 
ICA stenosis, including ICA PSv, ICA EDV, 
the ICA/CCA PSV ratio, and the ICA/CCA 
EDV ratio. The panel recommended that the 
ICA PSV and the presence of plaque on gray
scale and/or color Doppler imaging should 
be the primary parameters used to diagnose 
and grade ICA stenosis. 

ICA PSV is easy to obtain and seems rea
sonably reproducible. However, data suggest 
that the reproducibility of PSV, even among 
experienced vascular technologists, is suffi
ciently poor that PSVs should not be used 
as a continuous variable in clinical carotid 
duplex scanning.44 The degree of stenosis 
estimated by ICA PSV and the degree of nar
rowing of the ICA lumen seen on gray-scale 
and color Doppler should correlate. Fur
thermore, additional parameters such as 

ICA/CCA PSV ratio and ICA EDV should be 
employed as internal checks and are espe
cially useful when ICA PSV may not be rep
resentative of the extent of disease. Such 
situations include the presence of tandem 
leSions, contralateral high-grade stenosis, 
discrepancy between visual assessment of 
the plaque and ICA PSv, elevated CCA 
velocities, hyperdynamic cardiac states, or 
low cardiac output. 

The consensus panel recommended the 
following criteria stratifying ICA stenosis. 
These criteria have not been subjected to 
retrospective or prospective evaluation and 
do not represent the results of any one 
laboratory or study (Table 9-3). 
• The ICA is considered normal when the 

ICA PSV is less than 125 cm/sec and there 
is no visible plaque or intimal thickening. 
Normal arteries should also have an 
ICA/CCA ratio of less than 2.0 and ICA 
EDV of less than 40 cm/sec. 

• leA stenosis of less than 50% is 
present when the ICA PSV is less than 
125 cm/sec and there is visible plaque or 
intimal thickening. Such arteries should 
also have an ICA/CCA PSV ratio of less 
than 2.0 and an ICA EDV of less than 
40 cm/sec. 

• leA stenosis of 50% to 69% is present 
when the ICA PSV is 125 to 230 cm/sec 
and there is visible plaque. Such arteries 
should also have an ICA/CCA PSV ratio 
of 2.0 to 4.0 and an ICA EDV of 40 to 
100 cm/sec. 

• leA stenosis of 70% or more but less 
than near occlusion is present when the 
ICA PSV is more than 230 cm/sec and 
there is visible plaque with lumen nar
rowing on gray-scale and color Doppler 
imaging. (The higher the PSv, the greater 
the likelihood [positive predictive value] 
of severe disease.) Such stenoses should 
also have an ICA/CCA ratio of more 
than 4 and an ICA EDV of more than 
100 cm/sec. 

• In cases of near occlusion of the ICA, 
the velocity parameters may not apply. 
"Preocclusive" lesions may be associated 
with high, low, or undetectable velocity 
measurements. The diagnosis of near 
occlusion is therefore established prima
rily by demonstration of a markedly 
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Table 9-2A. Review of Literature for Diagnosing I n ternal arotid Artery Stenosis with 
Doppler Thresholds 

Threshold 
Performance 

Aut hor Ref Year N 

% 
Sf,mo
sis· PS V EDV Ratio' 

% % 
Sens Spec 

% % % 
PPV NPV Ace 

H u  I n J 
I al 

l I u  t n J 
el a l  

29 

29 

40 

bu Rahma 3 1  
F t a l 

bu Rahma 3 1  
F t a l 

bu Rahma 3 1  
F I al  

DB t a l 
rp nter 

JP t a l 

32 

2 

32 

arp nt r 34 
J P  et a l  

arp n l  r 34 
JP  et  a l  

34 

a l  

3 

2 9 1 5  50 

2 9 1 5  70 

9 o 

1 998 

1 998 o 

1 998 70 

1 996 1 1 0 7 

1 9  1 1 0 70 

I 96 1 1 0 

1 99 4 7 70 

I 9 o 

1 99 6 

1 9  o 

9S 60 

7 7 

1 99 1 7  

1 994 o 70 

1 99 70 

130 

2 0 

1 4  

o 

o 

2 1  

o 

2 0 

2 0 

1 75 

2 0 

27 

2 

*Degree of stenosis set as cutoff for diagnosis. 

70 

7 

40 

40 

70 

1 1  

1 3  

I .  92 9 

.2 6 o 3 92 9 

2.  4 72 

2 95 97 

82 97 6 8 

5 9 9 1  92 92 

4 77 9 8 

2 o 7 8 77 

3: 6 79 

7 7 94 3 

87 8 9 2 

97 2 6 86 

2.0 7 73 78 7 

2.0 

9 1  

3.2-3. 84 4 92 88 90 

9 3 

83 92 8 

tRatio of internal carotid artery peak systolic velocity to common carotid artery peak systolic velocity. 
Ace, accuracy; ED V, internal carotid artery end-diastolic velocity; N, number of patients; NPV, negative 
predictive value; PPV, positive predictive value; PSV, internal carotid artery peak systolic velocity; Ref, 
reference; sens, sensitivity; spec, specificity. 

narrowed lumen with color Doppler. 
In some near occlusive lesions, color 
Doppler can distinguish between near 
occlusion and occlusion by demonstrat
ing a thin wisp of color traversing the 
lesion. 

• Occlusion of the leA is present when 
there is no detectable patent lumen on 
gray-scale imaging and no flow with 
spectral, color, or power Doppler. Near 
occlusive lesions may be misdiagnosed 
as occlusions when only gray-scale 
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Table 9-2B. Re iew of Literature for Diagnosi ng I nternal Carotid Artery teno is with 
D ppler- tudie ot Pro iding Sen iti  it ie I Specificitie I and Predictive Values 

Threshold Chosen 

Performance 

Aut hor Ref Year N 
0/0 
StellOsls* PSV EDV Raffot Assessment and Results 

w without 

Yamada K 
[> rkin 2 

J I ct a l  
' rant E 2 2 rl 

et al 

4 1  1 9  23 imulat r 

riewi ' B 42 
t a l 

43 1 4 

I l unin !.. H 1 93 60 
I ,  t a l 

Bluth EI 4S 1 9  
t al 

angiograph 

*Degree of stenosis set as cutoff for diagnosis. 
tRatio of internal carotid artery peak systolic velocity to common carotid artery peak systolic velocity. 
EDV, internal carotid artery end-diastolic velocity; ICA, internal carotid artery; N, number of patients; 
NASCET, North America Symptomatic Carotid Endarterectomy Trial; NPV, negative predictive value; PPY, 
positive predictive value; PSV, internal carotid artery peak systolic velocity; Ref, reference; sens, 
sensitivity; spec, speCificity. 
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Table 9-3. on en u Panel able of Ultra ound and Doppler riteria for Oiagno i of 

I nternal rotid rtery teno i 

PrLnlary Parameters Additional Parameters 

Degree of 
Ster.osis ICA ps v P'aqlle EsHIHate* 

I AlCCA ps v 
RaHo 

ormal 
<50% 

50%- % 

< l 25 eml e 

< 1 25 m/ 

<2.0 
<2. 

2. .0 40- 1 

redu t ion 
�3 em/ � *. diam t r 

redu t ion 
>4.0 > 1 

"Ii ta l  0 lu ion 

Hi  h ,  low, r 
und t etable 
nd tectabl 

i ibl 

i ibl , no 

ariable ariabl 

'01 appli able 01 appl i able 
del tabl lum n 

*Plaque estimate with the gray-scale ultrasound and the color Doppler imaging. 
CCA, common carotid artery; EDV, end-diastolic velocity; ICA, internal carotid artery; PSV, peak systolic 
velocity. 

ultrasound and spectral Doppler are 
used. 

OTHER TOPICS RELEVANT TO 
CAROTID ARTERY DUPLEX 
SCANNING 

Surveillance of 
Asymptomatic Disease 

A retrospective analysis of more than 300 
patients performed at our institution deter
mined that symptomatic patients with less 
than 60% diameter ICA stenosis and an ICA 
PSV of more than 1 75 cm/sec on initial 
duplex examination had a significantly 
higher rate of progression to ICA stenosis of 
60% to 99% than asymptomatic patients 
with ICA PSVs of less than 1 75 cm/sec.46 
Based on this finding, a prospective evalua
tion of 407 patients was performed, repre
senting 640 patent, nonoperated ICA 
stenoses less than 60%.47 Symptomatic pro
gression of ICA stenosis was infrequent in 
this group. Only three patients, at a mean 
of 21 mo, developed hemispheric symp
toms (transient ischemic attack in all) and 
had ipsilateral atherosclerosis progression. 
In addition, one ICA progressed to occlu
sion at 54 mo, with a resulting transient 

ischemic attack. No patient had neurologic 
symptoms without ipsilateral progression of 
TCA stenosis. 

Asymptomatic progression to ICA steno
sis of 60% to 99% was detected in 10% of 
patients and 7% of ICAs at a mean of 18 
months, and such progression correlated 
with the patients' initial duplex examina
tion. The mean PSV, mean EDY, and mean 
ICA/CCA PSV ratio were all higher initially 
in those whose plaque/stenoses subse
quently progressed, versus those in whom 
atherosclerosis remained stable. Asymptom
atic progression to ICA stenosis of 60% to 
99% occurred in 4% of ICAs with initial PSVs 
of less than 1 75 cm/sec, while 26% of ICAs 
with initial PSVs of more than 1 75 cm/sec 
progressed to stenosis of 60% to 99% (P < 
0.0001 ,  Table 9-4) . The mean time of pro
gression to ICA stenosis of more than 60% 
to 99% was 2 1  ± 10 months with initial PSVs 
of less than 1 75 cm/sec, as compared with 
1 4  ± 9 months in those with initial PSVs of 
more than 1 75 cm/sec. By life table analysis, 
freedom from progression to ICA stenosis of 
60% to 99% was significantly higher for 
those patients with an initial ICA PSV of less 
than 1 75 cm/sec, versus those with an initial 
ICA PSV of more than 1 75 cm/sec. 

Thus, asymptomatic patients (who have 
not had a previous ipsilateral endarterec-
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Table 9-4. ompari on of I n it ia l  Duple Parameters in I Progr sing and ot 
Progr ing From I A Steno i f <60% t I A t nosi f 60%-99% 

Value 
on progressing 

Arteries ( = 587) P Value 

1 1 0 ± 47 
3 _ 1 5  

ratio l AO ± 0.68 

<0.000 1 
<0.000 1 
<0.000 1 

CCA, common carotid artery; EDV, end-diastolic velocity; lCA, internal carotid artery; PSv, peak systolic 
velocity. 

tomy) with ICA stenosis of less than 60% 
and duplex scan-determined ICA PSV of less 
than 1 75 cm/sec can be safely followed with 
serial scans at examination intervals of 1 yr. 
Patients with ICA stenosis of less than 60% 
and PSVs of 1 75 cm/sec or higher on initial 
duplex examination are significantly more 
likely to progress asymptomatically to ICA 
stenosis of 60% to 99%. Progression in 
this subgroup is sufficiently frequent to 
warrant follow-up duplex studies at 6-mo 
intervals. 

Recurrent Carotid Stenosis 

As with primary stenosis and occlusion, 
ultrasound can be used to demonstrate 
or rule out recurrent carotid stenosis after 
CEA, patch grafting, bypass surgery, and 
carotid stenting. Three patterns of ICA 
stenosis following CEA have been recog
nized. Lesions present within 1 mo of CEA 
are likely residual lesions and represent a 
technically imperfect operation. Early recur
rences following a technically adequate 
operation occur within the first 2 yr after 
CEA, usually within the first 12 mo and 
result from myointimal hyperplasia. Late 
recurrences occur 2 yr or more following 
endarterectomy and are due to recurrent 
atherosclerosis. 

Over the past three decades, there have 
been more than 160 publications on recur
rent carotid artery stenosis following CEA. 
These publications encompass more than 
62,000 carotid endarterectomies. The inci
dence of carotid restenosis in these series 
averaged 6% (range: 0%-50%). The mean 
incidence of asymptomatic carotid resteno-

sis detected noninvasively is 9%, more than 
four times the 2% incidence of symptomatic 
recurrent stenosis. In recent years, the per
formance of routine patch angioplasty by 
many surgeons has lowered the rate of 
carotid restenosis. Restenosis develops in a 
mean of 12% of arteries closed primarily 
versus 5% of those closed with a patch. 
Overall, it appears that approximately 20% 
of carotid restenoses are due to residual 
stenosis at the time of surgery. Stenoses that 
occur within the first 2 yr represent about 
50% of carotid restenoses. The remaining 
30% of restenoses occur more than 2 yr after 
operation. Fewer than 25% of carotid 
restenoses ever become symptomatic, and 
only about 7% ever cause stroke. One study 
of 380 patients followed up to 16  yr or more 
found that the overall incidence of recur
rent carotid stenosis equaling or exceeding 
50% was 10.8%. Incidences at I, 3, 5, and 
10 yr were 5 .8%, 9.9%, 13 .9%, and 23.4%, 
respectively.48 Only 2 .1% developed severe 
(>80%) recurrent stenosis. 

Several studies have examined the 
optimal timing and frequency of duplex 
sonography after surgery, to detect both 
recurrent carotid stenosis and contralateral 
atherosclerotic disease progression. The 
value of early duplex scanning after CEA in 
patients with a normal intraoperative 
completion study is limited, as shown by a 
retrospective study of 380 CEAs with intra
operative completion angiography, duplex 
scans, or both.49,so Follow-up ICA duplex 
scans were normal in 95 .8% of patients after 
CEA. There were no severe recurrent ICA 
stenoses. Overall, only 0.5% of the patients 
with operated leAs developed even moder
ate restenosis within the first 6 mo. This 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


CHAPTER 9 Ultrasound Assessment of Carotid Stenosis 
L-____________________________________________________________ � 

study demonstrated that duplex surveil
lance in the first 6 mo postoperatively is 
unproductive when intraoperative comple
tion studies are normal. 

Recent studies have found that after CEA, 
contralateral progression of atherosclerosis 
is a much more important problem than 
ipsilateral ICA restenoses. In a study of 221 
patients who underwent CEA, progression 
of contralateral disease, rather than resteno
sis, was the most common finding that 
resulted in the need for reintervention 
during a mean follow-up period of 
27.4 mo.50 Only 2.7% of the patients with 
operated ICAs had asymptomatic recurrent 
stenosis of more than 50% diameter by 
duplex scanning, and only 1 of 221 patients 
had recurrent stenosis of more than 75%, 
requiring reoperation. The yield for post
CEA surveillance in the operated artery was 
less than 1%, while progression of con
tralateral disease occurred in 12% of 
patients, leading to seven CEAs for high
grade stenosis. Importantly, disease progres
sion to stenosis of more than 75% was five 
times as frequent in patients with ICA 
stenosis of more than 50% initially. All 
patients but one who eventually required 
contralateral endarterectomy for disease 
progression had ICA stenosis of more than 
50% when first seen. The authors concluded 
that duplex scanning at 1 - to 2-yr intervals 
after CEA is adequate when an uncompli
cated CEA is achieved, based on surgical 
completion studies, and minimal contralat
eral disease « 50% stenosis) is present. 

These data show that following CEA, the 
likelihood of finding significant carotid 
restenosis requiring repair is quite low. If 
reoperation is indicated only for sympto
matic recurrent lesions and selected high
grade asymptomatic restenoses, the 
frequency of subsequent follow-up exami
nations can be dictated primarily by the 
status of the contralateral, nonoperated 
carotid artery or by the development of 
neurologic symptoms. Generally, patients 
with CEA who have normal intraoperative 
completion studies and stenosis of less than 
50% in the contralateral artery can be safely 
followed with carotid duplex scanning at 
1-yr intervals. Patients with less than tech
nically perfect results of CEA or stenosis of 

more than 50% in the contralateral unop
erated ICA should undergo follow-up 
duplex scanning at 6 mo. 

Bilateral High-Grade Stenosis 

Doppler-derived flow velocities from the 
ICA opposite an ICA occlusion or high
grade stenosis may suggest a higher degree 
of narrOWing, due to collateralization, than 
is observed angiographically. Several inves
tigators have found that contralateral occlu
sion leads to overestimation of ICA stenosis 
with standard Doppler criteria. 51-53 Until 
recently, no studies have addressed the 
effectiveness of CEA performed on the 
basis of ACAS-based Doppler criteria for 
ICA stenosis contralateral to high-grade ICA 
stenosis or occlusion. This information is 
important in planning CEA when duplex 
scanning is used as the sole means of pre
operative stenosis assessment. 

A study conducted in our laboratory over 
an 8-yr period determined the effects of uni
lateral CEA on the duplex scan findings in 
the contralateral ICA in patients with bilat
eral carotid stenosis. 54 Four hundred and 
Sixty patients underwent CEA for ICA steno
sis of 60% to 99%, and 107 of these had an 
asymptomatic contralateral ICA stenosis of 
50% to 99% by standard Doppler criteria 
(PSV > 125 cm/sec) . Among these asympto
matic stenoses, 38 met Doppler criteria for 
ICA stenosis of 60% to 99% preoperatively. 
Following surgery, there was a mean 
decrease of 48 cm/sec (10. 1%) in PSV and 
36 cm/sec (19 .3%) in the EDV in the unop
erated, asymptomatic stenoses. In 8 of 38 
patients (21 . 1%), the unoperated ICA 
lesions of 60% to 99% were reclassified as 
less than 60% on postoperative duplex scan
ning. Six of 69 patients with asymptomatic 
ICA stenosis who did not meet criteria for 
narrowing of 60% to 99% prior to con
tralateral CEA met these criteria on their 
first postoperative examination. All of these 
patients were close to the Doppler thresh
old on preoperative testing. It follows that 
when duplex scanning is used as the sole 
imaging modality before CEA, patients with 
severe bilateral carotid stenosis must have 
an additional duplex examination after 
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the initial CEA to reassess stenosis severity 
and the need for surgery of the un operated 
ICA. 

Our findings with respect to bilateral ICA 
stenosis were similar to those of Busuttil and 
coworkers,51 who found that duplex scan
ning, in comparison to angiography, over
estimated the degree of stenosis in 27% of 
ICAs contralateral to a high-grade stenosis. 
These investigators observed an average 
decrease in peak systolic frequency of 
1 1 75 Hz (approximately 36 cm/sec) and 
end-diastolic frequency of 475 Hz (approxi
mately 1 5  cm/sec) after contralateral CEA. 
Overall, 5 1% of patients had a one-category 
decrease in the Doppler-estimated severity 
of ICA stenosis following contralateral CEA. 
Fujitani and associates 1 further noted that 
duplex scan overestimation of stenosis is 
more common in less-severe categories of 
stenosis than in higher-severity categories. 

ICA Coils and Kinks 

Tortuosity of the ICA is a common finding 
in elderly patients and may be difficult to 
distinguish from carotid artery aneurysm on 
physical examination. Occasionally, ICA 

tortuosity is associated with fibromuscular 
dysplasia. 55 In essence, tortuosity comes in 
two forms: coiling of the ICA and kinking, 
and both may occur together. While very 
unusual, marked ICA kinking, with an 
inside angle of less than 90 degrees, may 
result in neurologic symptoms if there is 
either flow reduction imposed by the kink 
or concomitant plaque formation at the site 
of the kink that results in distal emboliza
tion. S6 A history of neurologic symptoms 
associated with head motion, or the pres
ence of an abnormal pulsation in the neck, 
should lead the clinician to suspect the pres
ence of a kink, and these observations are 
indication for further workup. 

Internal carotid artery kinks and coils 
may cause problems with respect to duplex 
examination (Fig. 9-5).  The course of the 
tortuous ICA can usually be traced with 
color flow imaging, and real-time B-mode 
ultrasound can readily image concurrent 
atheromatous plaque in the tortuous 
segment. In addition, color flow can help 
distinguish a tortuous vessel from a carotid 
artery aneurysm in a patient with a pulsat
ing neck mass. It is difficult, nonetheless, to 
interpret Doppler frequency shifts and spec
tral analysis findings in tortuous carotid 

FIGURE 9-5. Color Doppler image of a tortuous 
internal carotid artery (ICA). By better identi
fying the course of a tortuous ICA with color 
flow, the Doppler angle can be more accurately 
determined, resulting in more reliable velocity 
measurements. 
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arteries because of distorted flow patterns 
and angulations. Flow in the tortuous artery 
inevitably is quite disturbed, and marked 
turbulence may occur in kinked lCAs, yet 
the clinical importance of such disturbances 
is unknown. Color flow allows for reason
ably accurate determination of the Doppler 
angle and placement of the sample volume, 
leading to more reliable velocity measure
ments when stenosis is suspected, but in 
some cases it is not clear that the ascribed 
Doppler angle is sufficiently accurate for 
diagnosis. Unfortunately, we cannot 
provide solutions to the diagnostiC dilem
mas imposed by lCA kinks and coils. A 
potential solution to these problems may lie 
with high-resolution, contrast-enhanced 
magnetic resonance or computed tomo
graphic angiography. These methods now 
offer image resolution of 1 mm or less and 
the capacity to reconstruct the image in any 
plane of section. These capabilities are likely 
to provide the most accurate assessment of 
tortUOSity-related lCA stenosis currently 
available. 

CCA and ECA Stenosis 

The velocity criteria used for classifying 
disease in the internal carotid artery have 
not been tested for application to the ECA 
or the CCA. However, as with the lCA, rel
ative degrees of stenosis may be determined 
by the presence of plaque with B-mode 
imaging, aberration in color flow on duplex 
examination, spectral broadening, and 
increase in PSv. Although not specifically 
tested, stenosis of more than 50% can be 
inferred by the presence of a focally 
increased velocity followed by poststenotic 
turbulence. Normally, the CCA has attri
butes of the lCA and ECA. The CCA will 
take on the quality of the "normal" vessel 
(lCA or ECA) when the other is occluded. If 
there is a proximal CCA (or right innomi
nate artery) high-grade stenosis or occlu
sion, the ipsilateral CCA Doppler flow 
quality will be dampened with low PSVs, as 
compared with the contralateral side. Post
stenotic turbulence also may be seen. There 
are no widely employed validated criteria 
to give a diameter reduction for stenosis in 

the CCA. Stenosis of greater than 50% is 
inferred by PSV of more than 125 cm/sec 
associated with poststenotic turbulence. As 
noted previously, a focal high-grade steno
sis or multiple lesions within the CCA can 
result in diminished PSVs and EDVs in 
the lCA, with resulting underestimation of 
degree of. stenosis within the lCA. 

CONCLUSION 

Duplex scanning remains the most accurate 
and clinically useful method to noninva
sively evaluate the extracranial carotid 
artery. The addition of color flow to gray
scale imaging and pulse Doppler exami
nation facilitates performance of the 
examination and, in some cases, improves 
accuracy. Performance and interpretation 
of duplex studies must, however, change 
with increased knowledge of carotid artery 
disease and its therapy. Only through 
continual reassessment and careful investi
gation will duplex scanning remain the pre
eminent noninvasive method for assessing 
the carotid artery. 

References 

1 .  Fujitani RM, Mills ]L, Wang LM, Taylor SM: The 
effect of unilateral internal carotid arterial 
occlusion upon contralateral duplex study: 
Criteria for accurate interpretation. J Vasc Surg 
1 6:459-467; discussion, 467-468, 1992. 

2. Goes E, Janssens W, Maillet B, et aJ: Tissue 
characterization of atheromatous plaques: Cor
relation between ultrasound image and histo
logical findings. ] Clin Ultrasound 18 :61 1-61 7, 
1990. 

3 .  Gray-Weale AC, Graham ]C, Burnett JR, et al: 
Carotid artery atheroma: Comparison of pre
operative B-mode ultrasound appearance with 
carotid endarterectomy specimen. J Cardiovasc 
Surg 29: 1 15-1 23, 1988. 

4. Block RW, Lusby R]: Carotid plaque morphOl
ogy and interpretation of echolucent lesion. In 
Diagnostic Vascular Imaging. London, Arnold, 
1992, pp 225-236. 

5. EI-Barghouty N, Geroulakos G, Nicolaides A, et 
al: Computer assisted carotid plaque character
ization. Eur ] Vasc Endovasc Surg 9:389-393, 
1995. 

6. Lennihan L, Krupsky Wi, Mohr ]P, et al:  Lack of 
association between carotid plaque hematoma 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


f�'�;1 SECTION /I Cerebral Vessels 
l I 
L�. __ J "---________________________________________ ---' 

and ischemic cerebral symptoms. Stroke 
18:879-881, 1987. 

7. Comerota AJ, Katz ML, White JV, et al:  The pre
operative diagnosis of the ulcerated carotid 
atheroma. J Vasc Surg 1 1 :505-510, 1990. 

8.  Colhoun E, Macerlean D: Carotid artery 
imaging using duplex scanning and bi-direc
tional arteriography: A comparison. Clin Radiol 
35:101-106, 1984. 

9.  Eikelboom BC, Ackerstaff RG, Ludwig JW, et al: 
Digital video subtraction angiography and 
duplex scanning in assessment of carotid artery 
disease: Comparison with conventional angiog
raphy. Surgery 94:821-825, 1983. 

10. Strandness DE Jr: Duplex scanning in vascular 
disorders. New York, Raven Press, 1990, pp 
92-120. 

1 1 .  Roederer GO, Langlois YE, Jager KA, et al: A 
simple spectral parameter for accurate classifi
cation of severe carotid artery disease. Bruit 
3 :1 74-1 78, 1989. 

12. Roederer GO, Langlois YE, Chan AT, et al: Ultra
sonic duplex scanning of the external carotid 
arteries: Improved accuracy using new features 
from the carotid artery. J Cardiovasc Ultra
sonography 1 :373-380, 1982. 

13. North American Symptomatic Carotid End
arterectomy Trial Collaborators: NASCET: 
Beneficial effect of carotid endarterectomy in 
patients with high-grade carotid stenosis. N 
Engl J Med 325:445-453, 1991 .  

14.  Executive Committee for Asymptomatic 
Carotid Atherosclerosis Study: Endarterectomy 
for asymptomatic carotid artery stenosis. JAMA 
273 :1421-1428, 1995. 

15 .  Asymptomatic Carotid Atherosclerosis Study 
Group: ACAS: Study design for randomized 
prospective trial of carotid endarterectomy for 
asymptomatic atherosclerosis. Stroke 20:844-
849, 1989. 

16 .  North American Symptomatic Carotid End
arterectomy Trial (NASCET) Steering Com
mittee: North American symptomatic carotid 
endarterectomy trial: Methods, patient charac
teristics, and progress. Stroke 199 1 : 71 1-720, 
1991 .  

1 7. Rothwell PM, Gibson RJ, Slattery J ,  e t  al: Equiv
alence of measurements of carotid stenosis: A 
comparison of three methods on 1001 
angiograms. Stroke 25:2435-2439, 1994. 

18.  Moneta GL, Edwards JM, Chitwood RW, et al: 
Correlation of North American Symptomatic 
Carotid Endarterectomy Trial (NASCET): Angio
graphic definition of 70% to 99% internal 
carotid artery stenosis with duplex scanning. J 
Vasc Surg 1 7: 1 52-1 5 7; discussion 157-159, 
1993. 

19.  Moneta GL, Edwards JM, Papanicolaou G, et al: 
Screening for asymptomatic internal carotid 
artery stenosis: Duplex criteria for discriminat-

ing 60% to 99% stenosis. J Vase Surg 21 :989-
994, 1995. 

20. Edwards JM, Moneta GL, Papanicolao� G, et al: 
Prospective validation of a new duplex ultra
sound criteria for 70%-99% internal carotid 
stenosis. JEMU 16:3-7, 1995 . 

21 .  Fillinger MF, Baker RJ Jr, Zwolak RM, et al: 
Carotid duplex criteria for a 60% or greater 
angiographic stenosis: Variation according to 
equipment. J Vasc Surg 24:856-864, 1996. 

22. Grant EG, .Benson CB, Moneta GL, et al: Carotid 
Artery Stenosis: Gray-scale and Doppler US 
diagnosis-Society of Radiologists in Ultra
sound Consensus Conference (online). Radiol
ogy, September 18, 2003. 

23. Ranke C, Creutzig A, Becker H, Trappe HJ: 
Standardization of carotid ultrasound: A hemo
dynamic method to normalize for interindi
vidual and interequipment variability. Stroke 
30:402-406, 1999. 

24. Alexandrov AV, Brodie DS, McLean A, et al: 
Correlation of peak systolic velocity and angio
graphic measurement of carotid stenosis revis
ited. Stroke 28:339-342, 1997.  

25. Fillinger MF, Baker RJ Jr, Zwolak RM, et al: 
Carotid duplex criteria for 60% or greater angio
graphic stenosis: Variation according to equip
ment. J Vase Surg 24:856-864, 1996. 

26. Howard G, Baker WH, Chambless LE, et al: 
An approach for the use of Doppler ultrasound 
as a screening tool for hemodynamically sig
nificant stenosis (despite heterogeneity of 
Doppler performance). A multicenter experi
ence. Asymptomatic Carotid Atherosclerosis 
Study Investigators. Stroke 27:1951-1957, 
1996. 

27. Kuntz KM, Polak JF, Whittermore AD, et al: 
Duplex ultrasound criteria for the identification 
of carotid stenosis should be laboratory specific. 
Stroke 28:597-602, 1997. 

28. Grant EG, Duerinckx AJ, El Saden SM, et al: 
Ability to use duplex US to quantify internal 
carotid stenoses: Fact or fiction? Radiology 
214:247-252, 2000. 

29. Huston J 3rd, James E, Brown RD Jr, et al: Rede
fined duplex ultrasonographic criteria for the 
diagnosis of carotid artery stenosis. Mayo Clin 
Proc 75: 1 133-1 1 40, 2000. 

30. Grant EG, Duerinckx AJ, El Saden S, et al: 
Doppler sonographic parameters for the detec
tion of carotid stenosis. Am J Roentgenol 
1 72: 1 123-1 129, 1999. 

3 1 .  AbuRahma AF, Robinson PA, Stickler DL, et al: 
Proposed new duplex classification for thresh
old stenoses used in various symptomatic and 
asymptomatic carotid endarterectomy trials. 
Ann Vase Surg 12:349-358, 1998. 

32. Carpenter JP, Lexa FJ, Davis JT: Determination 
of duplex Doppler ultrasound criteria appropri
ate to the North American Symptomatic 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


CHAPTER 9 Ultrasound Assessment of Carotid Stenosis 

Carotid Endarterectomy Trial. Stroke 27:695-
699, 1996. 

33. Hood DB, Mattos MA, Mansour A, et al: 
Prospective evaluation of new duplex criteria to 
identify 70% internal carotid artery stenosis. J 
Vasc Surg 23:254-261 ,  1996. 

34. Carpenter JP, Lexa FJ, Davis JT: Determination 
of 60% or greater carotid artery stenosis by 
duplex Doppler ultrasonography. J Vasc Surg 
22:697-703, 1995.  

35.  Browman MW, Cooperberg PL, Harrison PB, et 
al: Duplex ultrasonography criteria for internal 
carotid stenosis of more than 70% diameter: 
Angiographic correlation and receiver operat
ing characteristic curve analysis. Can Assoc 
Radiol J 46:291-295, 1995. 

36. Neale ML, Chambers JL, Kelly AT, et al:  Reap
praisal of duplex criteria to assess significant 
carotid stenosis with special reference to reports 
from the North American Symptomatic Carotid 
Endarterectomy Trial and the European Carotid 
Surgery Trial. J Vasc Surg 20:642-649, 1994. 

37. Umemura A, Yamada K: B-mode flow imaging 
of the carotid artery. Stroke 32:2055-2057, 
2000. 

38. Perkins JM, Galland RB, Simmons MJ, Magee 
TR: Carotid duplex imaging: Variation and val
idation. Br J Surg 87:320-322, 2000. 

39. Beebe HG, Salles-Cunha SX, Scissons RP, et al: 
Carotid arterial ultrasound scan imaging: A 
direct approach to stenosis measurement. J Vasc 
Surg 29:838-844, 1999. 

40. Soulez G, Therasse E, Robillard P, et al: The 
value of internal carotid systolic velocity ratio 
for assessing carotid artery stenosis with 
Doppler sonography. Am J Roentgenol 1 72: 
207-212, 1999. 

4 1 .  Derdeyn CP, Powers W]: Cost-effectiveness of 
screening for asymptomatic carotid artery 
disease. Stroke 27: 1944-1950, 1996. 

42. Griewig B, Morganstern C, Driesner F, et al: 
Cerebrovascular disease assessed by color flow 
and power Doppler ultrasonography. Compari
son with digital subtraction angiography in 
internal carotid artery stenosis. Stroke 27:95-
100, 1996. 

43. Srinivasan J, Mayberg MR, Weiss DG, Eskridge 
J: Duplex accuracy compared with angiography 
in the Veterans Affairs Cooperative Studies Trial 
for Symptomatic Carotid Stenosis. Neuro
surgery 36:648-653, 1995. 

44. Hunink MG, Polak JF, Barlan MM, O'Leary DH: 
Detection and quantification of carotid artery 

stenosis: Efficacy of various Doppler velocity 
parameters. Am J Roentgenol 160:619-625, 
1993. 

45. Bluth EI,  Stavros AT, Marich KW, et al :  Carotid 
duplex sonography: A multicenter recommen
dation for standardized imaging and Doppler 
criteria. Radiographics 6:487-506, 1988. 

46. Nehler MR, Moneta GL, Lee RW, et al: Improv
ing selection of patients with less than 60% 
asymptomatic internal carotid stenosis for 
follow-up carotid artery duplex scanning. J Vasc 
Surg 24:580-585, 1996. 

47.  Lovelace TD, Moneta GL, Abou-Zamzam AM Jr, 
et al: Optimizing duplex follow-up in patients 
with an asymptomatic internal carotid artery 
stenosis of less than 60%. J Vasc Surg 33:56-61,  
2001 .  

48. Mattos MA, van Bemmelen PS, Barkmeier ID, 
et al: Routine surveillance after carotid endar
terectomy: Does it affect clinical management? 
J Vasc Surg 1 7:819-830, 1993. 

49. Roth SM, Back MR, Bandyk DF, et al: A rational 
algorithm for duplex scan surveillence after 
carotid endarterectomy. J Vasc Surg 31 :838-
839, 1999. 

SO. Pross C, Shortsleeve CM, Baker JD, et al: Carotid 
endarterectomy with normal findings from a 
completion study: Is there need for early duplex 
scan? J Vasc Surg 33:963-967, 2001 .  

51 .  Busuttil SJ, Franklin DP, Youkey JR, et  al: 
Carotid duplex overestimation of stenosis due 
to severe contralateral disease. Am J Surg 
1 72 :144-148, 1996. 

52. Hayes AC, Johnson KW, Baker WH, et al: The 
effect of contralateral disease on carotid 
Doppler frequency. Surgery 103 :19-23, 1988. 

53. van Everdingen KJ, Kapelle LJ: Overestima
tion of a stenosis in the internal carotid artery 
by duplex sonography caused by an increase 
in flow volume. J Vasc Surg 27:479-485, 
1998. 

54. Abou-Zamzam AM Jr, Moneta GL, Edwards JM, 
Yeager RA, Taylor LM Jr, Porter JM: Is a single 
preoperative duplex scan sufficient for plan
ning bilateral carotid endarterectomy? J Vasc 
Surg 3 1 :282-288, 2000. 

55 .  Effeney DJ, Ehrenfeld WK, Stoney RJ, et al: 
Fibromuscular dysplasia of the internal carotid 
artery. World ] Surg 3 : 1 79, 1979. 

56. Sarkari NB, Bickerstaff ER: Neurological mani
festations associated with internal carotid loops 
and kinks in children. J Neurol Neurosurg Psy
chiatry 33 :194, 1973. 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


Chapter 
1 0  

Carotid Occlusion, Unusual 
Carotid Pathology, and Tricky 

Carotid Cases 

CAROTID OCCLUSION 

Arterial occlusion is diagnosed with ultra
sound through the followi ng observations: 
( 1 )  absence of arterial pulsations; (2) echo
genic material fil l ing the arterial lumen; 
(3) absence of flow (color flow or spectral 
Doppler); and (4) small vessel size (chronic 
occlusion ) . 1 -7 The typical findi ngs of inter
nal carotid occlusion are shown in Fig. 1 0-1 . 

At fi rst gla nce, the diagnOSis of occlusion 
appears to be an easy matter, but false
positive diagnoses may occur when the 
artery is obscured by acoustic shadowing, 
when i mage qual ity is poor, when Doppler 
signals are weak, and especial ly when the 
vessel is nearly occluded and only a "t rickle" 
of flow is present. The latter problem is  of 
considerable cl inical importance, for an 
occluded vessel is  irremediable, whereas a 
nearly occluded vessel may be treated with 
endarterectomy if  the stenosis is local ized 
and the distal vessel is of good caliber. A 
nearly occluded internal carotid artery ( ICA) 
often produces the angiographic "string 
sign" ( Fig. 1 O-2A) .  I t  is  important to realize 
that the apparent small caliber of the arte
rial lume n  represented by the "string" of 
contrast is  an artifact. The string sign results 
from puddling of the slow-moving contrast 
agent in the dependent (posterior) portion 
of the arterial lumen with the patient 
supine. The lumen, in fact, is  widely patent, 
and the stenosis is loca l ized at the ICA 
origi n .  

Differentiation between highly stenosed 
and occluded carotid arteries was a major 

problem for ultrasound in the pre-color 
flow days, but now, through the use of color 
and power Doppler sonography, stenosis 
and occlusion can be accurately differenti
ated (see Fig. 10-28, C). The use of power 
Doppler i maging is particularly advocated 
because of its sensitivity to low flow rates, 
and studies using color or power Doppler6,7 
report close to l OQ<)-h sensitivity and speci
ficity in the diagnosis of near occlusion of 
the ICA. To attain this level of accuracy, 
however, several technical detai ls  must be 
followed . Fi rst, adj ust the i nstrument to 
detect minimum flow velOcity. The pulse 
repetition frequency should be as low as 
pOSSible, and the low-frequency filter 
should be mini mized so that low-frequency 
signals are not excluded. Second, obta i n  the 
best possible view of the occluded vessel 
and scrutin ize the lumen for any hint  of 

FIGURE 1 0-1 .  In ternal carotid artery ( ICA) occlusion. 
No now is present in the ICA, and the vessel is fi l led 
with minimal ly echogenic materia l .  These are typical 
features of carotid occlusion. The external carotid 
artery (upper vessel )  is stenotic. 
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blood flow. Remember that the view chosen 
should optimize the Doppler angle of the 
color flow image. I generally prefer power 
Doppler, but color Doppler may work better 
in some cases, especially when movement 
artifacts are a problem. Third, interrogate 
the visualized segments of the carotid artery 
with spectral Doppler imaging. The signals 
obtained may be very weak, so high 
Doppler gain settings often are needed. 
Remember, pulsed Doppler is more sensitive 
than color Doppler for the detection of 
slow- or low-velocity flow. Do not mistake 
the highly damped arterial flow signals for 
venous flow. (Check the flow direction.) 

Finally, look at the occluded vessel from 
several transducer approaches, including 
the transverse plane, before concluding that 
flow is absent. 

Atherosclerosis is by far the most com
mon cause of carotid artery occlusion, but 
fibromuscular dysplasia and arterial dis
section (discussion follows) are additional 
causes. Most occlusions in the carotid 
system occur in the ICA, but occlusion 
also may occur in the common (CCA) or 
external (ECA) carotid artery. The inci
dence of CCA occlusion occurs approxi
mately one tenth as often as ICA occlusion,s 
but this incidence is sufficiently large for 

FIGURE 1 0-2. ear occlusion of the internal carotid artery (lCA). A, Only a trickle of flow is present in the ICA, 
producing the arteriographic "string sign" (short arrows). The area of narrowing is actually confined to the ICA 
origin (long arrow), and the rest of the vessel is widely patent. The string results from puddling of the contrast 
agent against the posterior wall of the vessel with the patient supine. B, At first glance (top) it appears that the 
ICA is occluded, but with diligent scanning, flow is identified by focal areas of color (bottom). C, Doppler shows. 
markedly damped flow signals and low peak systolic velOCity (S) in the areas of color. CCA, common carotid artery. 
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FIGURE 1 0-3. Common carotid 
artery occlusion. A composite 
image (note the two color boxes) 
shows absence of blood flow 
in the common carotid artery 
(CCA), which contains mildly 
echogenic material. Flow is 
reversed in the external carotid 
artery (ECA), which supplies 
blood to the internal carotid 
artery (ICA). (Arrows indicate 
flow direction.) 

the occasional diagnosis of CCA occlusion 
in a typical community-based vascular 
practice. CCA occlusion is frequently 
accompanied by stroke or other neurologic 
events but may also be encountered in the 
absence of neurologic symptoms.s The ICA 
may remain patent in spite of CCA occlu
sion (Fig. 1 0-3), because collateral supply 
to the ICA develops through the ECA 
branches. Flow reverses in the collateral 
ECA branches and remains cephalad in the 
ICA. 

CAROTID ARTERY DISSECTION 

Arterial dissection refers to the entry of blood 
into the wall of the artery, separating the 
layers of the wall and creating a false lumen 
through which blood flows.s-14 For blood to 
enter the wall and cause dissection, there 
must be a rent in the intima, which may 
be caused by violent trauma, iatrogenic 
trauma, or an underlying weakness of the 
muscular layer that allows the intima to 
tear. The location at which the wall layers 
separate varies. In some cases, only the 
intima is dissected from the wall, while in 
other cases, portions of the media or the 
media and adventitia may delaminate. 
Thus, the thickness of the membrane sepa
rating the true and false lumens varies. Dis
section at the adventitial layer may permit 
pseudoaneurysm formation adjacent to the 
artery. 

Arterial dissection produces a false lumen 
that may be blind-ended or may reconnect 
with the true lumen at a site distal to the 
point of dissection. A blind-ended false 

lumen will thrombose (occlude) and bulge 
into the true lumen, causing stenosis or 
occlusion. Blood continues to flow in the 
false lumen if its distal end reconnects with 
the true lumen. Consequent to either form 
of dissection, embolization or reduced flow 
may cause thrombosis of intracranial vessels 
and brain damage. Less commonly, false 
aneurysm formation occurs when dissec
tion extends to the serosal layer of the 
carotid artery. 

Carotid artery dissection usually origi
nates in the aortic arch and extends only 
to the carotid bifurcation, but dissection 
can extend into the ICA. Three to seven 
percent of aortic arch dissections are com
plicated by stroke or transient cerebral 
ischemia. 12-14 Common carotid extension 
most commonly occurs with ascending arch 
dissection (Stanford's type A), which usu
ally is age related but also may be caused 
by elastic tissue degeneration, as seen 
with Marfan's or Ehlers-Danlos syndromes. 
Stanford's type B dissection, occurring 
distal to the aortic arch, usually does not 
affect the carotid arteries. Considering that 
neurologic symptoms are uncommon 
when carotid dissection extends from the 
aortic arch, such dissection may occasion
ally be an incidental finding at carotid 
sonography. 

Carotid dissection may also originate 
within the ICA, usually beginning at the 
skull base and extending downward to the 
carotid bifurcation.s,lO This dissection may 
occur either spontaneously or following 
trauma. Some "spontaneous" dissections 
may not really be spontaneous and · may 
actually result from nonviolent trauma, 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


r-----] 1 194 1 SECTION /I Cerebral Vessels L_�.J '------------------------------' 

such as unusually strenuous exercise or 
rapid neck motion. In some cases, the pre
cipitating trauma may be unrecognized by 
the patient. Arterial pathology may also 
lead to atraumatic ICA dissection, including 
fibromuscular hyperplasia, Marfan syn
drome, cystic medial necrosis, and Ehlers
Danlos syndrome. Unlike CCA dissection, 
the false lumen of ICA dissection is almost 
always occluded by thrombus. 

Seventy percent of spontaneous ICA dis
sections or those following minimal trauma 
occur in patients 35 to SO years of age, with 
an equal incidence in men and women. Sys
temic hypertension is present in one of 
three cases and is considered a predisposing 
factor. Presentation includes headache, 
neck and facial pain, hemispheric ischemic 
symptoms, and cranial nerve palsy. Seventy 
percent of ICA dissections resolve with mild 
or no neurologic defiCit, but 25% of patients 
suffer disabling neurologic consequences 
and 5% of cases are fata1.8, 10 Spontaneous 
restoration of ICA flow occurs in many cases 
of high-grade stenosis or occlusion through 
retraction of the thrombus in the false 
lumen, relieving compression of the true 
lumen. Typically, the only therapies 
employed for carotid dissection are anti
thrombotic and antihypertensive medi
cations. 

Carotid dissection resulting from violent 
trauma most commonly originates with 
direct injury to the ICA, either from stretch
ing of the artery across cervical spine 
structures or from direct arterial compres
sion by cervical spine elements or the 
mandible.l l,13 Trauma causes a rent in 
the intima and an injury that weakens the 
underlying wall structure, permitting 
delamination. Serious neurologic conse
quences are more common with traumatic 
carotid dissection than with atraumatic 
dissection. 10 

The ultrasound findings associated with 
carotid dissection9,10,12 may be dramatic 
when the intima is separated from the rest 
of the wall and flutters in the flow stream 
with each cardiac cycle (Fig. 10-4). Severe 
flow disturbances are caused by the flutter
ing intima. However, if the tissue between 
the true and false lumens is thick, the inter-

vening membrane is stiffer and dissection is 
indicated simply by duplication of the 
carotid lumen (Fig. 10-5).  

The classic sonographic presentation of 
ICA dissection is a smooth, tapering steno
sis (Fig. 10-6) occurring in a patient who is 
younger than the typical patient with ath
erosclerotic stenosis (Le., ::;;50 years of age). 
Regardless of age, however, consider dis
section in any patient with a smooth, 
tapering ICA stenosis without visible athero
sclerotic plaque. In other cases of ICA dis
section, the sonographic findings may be 
subtle and easily overlooked. The ICA 
lumen may be normal in the area just above 
the bifurcation if dissection beginning at 
the skull base does not extend down to the 
point of sonographic visualization. In such 
instances, the only detectable abnormality 
is increased flow resistance seen in the 
Doppler waveforms and possibly reduced 
flow velOCity overall due to distal ICA 
obstruction. In some cases, a thin intimal 
flap may not be appreciated during color 
Doppler examination due to color bloom
ing artifact. That is, the color will write over 
the thin flap, and only the color flow dis
turbance is seen. The flap is better seen 
when the examiner turns off the color 
display and examines the vessel with gray
scale imaging. Another presentation is ICA 
occlusion with no apparent cause. Again, the 
absence of atherosclerotic plaque or youth
ful presentation should suggest the diagno
sis of dissection. 

When carotid dissection is recognized, 
the sonographer should try to perform as 
much of the following as possible. First, the 
extent of dissection should be ascertained, 
which in turn may indicate whether dissec
tion originated in the aortic arch or the ICA. 
Second, the presence, direction, and char
acteristics of flow in the true and false 
lumen should be documented. Third, the 
patency of the ECA and ICA should be 
determined, and Doppler waveforms should 
be scrutinized in both vessels to assess the 
status of the ICA circulation and the pres
ence of ECA collateralization. Finally, if 
dissection causes stenosis, the degree of 
narrowing should be evaluated both visu
ally (color flow) and with Doppler velocity 
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FIGURE 1 0-4. Common carotid artery (CCA) dissection. 
A, This short-axis, color flow image shows markedly dis
turbed flow in the CCA. The cause is not apparent. 
B, Two frames from a video recording of the same vessel 
show a thin dissection membrane (arrows) that moves 
freely within the arterial lumen. UV, internal jugular 
vein. 

measurements. Further evaluation with 
angiography, magnetic resonance angiogra
phy, or computed tomographic angiogra
phy usually is necessary to appreciate the 
full extent of dissection. 

CAROTID PSEUDOANEURYSM 

A pseudoaneurysm, or false aneurysm, is in 
fact a soft-tissue hematoma into which 
blood circulates from a hole in the arterial 

wall. A true aneurysm is one in which the 
artery walls are intact but stretched. Carotid 
pseudoaneurysms1S-22 most often result 
from violent trauma (usually penetrating), 
but also occur iatrogenically in the course of 
attempted percutaneous jugular vein 
catheterization or during therapeutic/diag
nostic arteriography. Additional causes are 
carotid dissection or pathologies that 
weaken the arterial wall, such as vasculitis, 
fibrous dysplasia, Marfan syndrome, and 
Ehlers-Danlos syndrome. 
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Iatrogenic and post-traumatic pseudo
aneuryms are usually acco�panied by 
considerable ecchymosis or ather trauma
associated findings. Pseudoaneurysms 
caused by nonpenetrating trauma, arterial 
diseases, or catheterization may present 
only with a palpable, and possibly pulsatile, 
mass, neck pain, or cranial nerve palsy. 
Neurologic symptoms of any kind, includ
ing cerebral ischemia/stroke, are reported 

c 

FIGURE 1 0-5. Common carotid artery dissection. A, This 
long·axis, color flow view shows division of the 
common carotid artery into two lumens (marked A and 
B). In this case, the dissection membrane was thick and 
moved very little with each arterial pulse. B, Doppler 
waveforms in lumen A have continuous forward flow 
throughout the cardiac cycle, suggesting that this is the 
true lumen. C, To-and-fro flow is present in lumen B. 

in 40% of cases, and these may be accom
panied by imaging evidence of cerebral 
infarction. Perhaps the most dramatic con
sequence of carotid pseudoaneurysm is 
rupture (blow out) and life-threatening soft 
tissue hemorrhage, but this occurs only 
rarely. Until recently, therapy for carotid 
pseudoaneurysm has been surgery, but clin
ically stable lesions may now be treated 
nonsurgically with covered wall stents. 
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A 

B 
FIGURE 1 0-6. Spontaneous internal carotid artery 
(ICA) dissection. A, The ICA abruptly tapers from its 
normal size (arrows) at its origin. It is smoothly nar
rowed throughout its length (power Doppler image). B, 
Magnetic resonance angiography in the same patient 
shows diffuse narrowing of the ICA (arrow) beyond its 
origin, consistent with dissection. 

Sonographically, carotid pseudoaneu
rysms are spherical masslike lesions into 
which blood is seen to circulate from the 
carotid artery (Fig. 10-7) . The size of 
the lesion is variable, as is the relative 
proportion of thrombus and circulating 
blood within the aneurysm. Some pseudo
aneurysms may be largely thrombosed, 
with only a small amount of blood flow. 
Others may show large areas of swirling 
blood flow with little thrombus. In all cases, 
however, a to-and-fro flow pattern should 
be seen in the neck of the pseudoaneurysm 

on spectral Doppler examination. The dis
tance of the pseudoaneurysm from the 
carotid artery also is variable, and the length 
of the "neck" connecting the two varies 
from one case to another. The diameter of 
the neck also varies. It is likely that 
pseudoaneurysms with short, fat necks and 
large arterial openings are more dangerous 
clinically than those with long, skinny 
necks, but no data have been collected to 
support this assumption. 

In assessing a pseudoaneurysm sono
graphically (carotid or elsewhere), the fol
lowing information should be gathered: 
(1 )  the size and location of the lesion; 
(2) the presence of to-and-fro flow in the 
pseudoaneurysm neck, confirming that 
the lesion is indeed a pseudoaneurysm; (3) 
the length and diameter of the neck; and 
(4) the proportion of thrombus and flowing 
blood. The latter two findings are poten
tially important, as they may influence 
the choice of therapy. A small pseudo
aneurysm with little flow and a long, thin 
neck may safely occlude spontaneously and 
require no therapy. Follow-up Doppler 
sonography is used to follow pseudo an
eurysm to assess for thrombosis or interval 
growth. 

FIGURE 1 0-7. Carotid pseudoaneurysm. (Neck swelling 
and ecchymosis following attempted internal jugular 
vein catheterization.) Color flow examination shows a 
pseudoaneurysm (arrow) connected with the common 
carotid artery (CCA) by a thin neck. 
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SECTION /I Cerebral Vessels 

CAROTID ARTERIOVENOUS 
FISTULA 

A fistula is an opening that connects two 
epithelialized structures. In the case of an 
arteriovenous fistula (AVF), 15-22 communica
tion occurs between an artery and a vein. 
An AVF almost always results from trauma, 
either violent or iatrogenic. The most likely 
site of occurrence is between the femoral 
artery and vein, because this is a common 
location for vascular catheterization, but 
AVFs can occur elsewhere, including the 
carotid artery. In carotid cases, the cause 
may be blunt trauma, penetrating trauma, 
or attempted jugular vein catheterization. 
The actual pathology in AVF cases may be a 
combination of AVF and pseudoaneurysm. 
Because the carotid artery and the internal 
jugular vein lay side-by-side, they are 
subject to AVF formation, but a fistula may 
occur with other neck veins as well. Clini
cal carotid AVF presentations include visible 
neck trauma; ecchymosis; a palpable 
hematoma; a palpable or audible thrill; and 
a dilated, hyperdynamic draining vein. 
High-output cardiac failure may occur with 
large fistulas. Treatment is surgical or angio
graphic. In the latter case, a covered wall 
stent is installed in the artery at the 
fistula site. 

The ultrasound hallmark of an arteriove
nous fistula (Fig. 10-8) is turbulent and, in 
some cases, pulsatile venous flow. The tur
bulence often is powerful and dramatic, and 
on color flow imaging, it may generate a 
"visible color bruit" adjacent to the vein, 
caused by vibration of surrounding soft 
tissues. In the absence of dramatic venous 
turbulence, the diagnosis of arteriovenous 
fistula should be questioned. With large 
AVFs, high-volume venous flow is apparent, 
as indicated by high-Doppler-velocity meas
urements. In some cases, the actual arteri
ovenous communication may be visible 
so no graphically, but visualization of the 
fistula is not always possible because the 
opening may be small, or turbulent effects 
may obscure the fistula. Nevertheless, the 
correct diagnosis can be made from the 
venous Doppler findings described previ
ously. Ancillary findings that may accom
pany an AVF include soft tissue fluid 

A 

B 
FIGURE 1 0-8. Carotid arteriovenous fistula. (Extensive 
ecchymosis and neck swelling following attempted 
internal jugular vein catheterization.) A, This trans
verse color flow image shows a lengthy tract connect
ing the common carotid artery (CCA) with a superficial 
vein (V). A soft tissue hematoma (H) also is visible. 
B, Doppler interrogation of the draining vein shows 
turbulent, high-velocity flow (almost 60 cm/sec). 

(ecchymosis), a hematoma, or a pseudo
aneurysm. 

FIBROMUSCULAR DYSPLASIA 

Fibromuscular dysplasia (FMD)23-25 is a dis
order of unknown etiology that affects 
medium-sized arteries. Women are affected 
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by the disease three times more com
monly than men, and the disorder usually 
presents in adults 25 to 50 years old. 
Although familial association is reported in 
11 % of cases, FMD is not a genetic disorder 
in strict terms. The renal arteries are the 
most common site for FMD, with the 
internal carotid artery a distant second. 
Other medium-sized arteries are occasion
ally involved. The most common present
ing clinical symptom in FMD patients is 
systemic hypertension, caused by renal 
artery stenosis. With carotid involvement, 
transient cerebral ischemia is the usual 
presentation, although stroke can also 
occur. About 30% of FMD patients have 
aneurysms of the intracranial cerebral arter
ies; hence, an additional presentation may 
be cerebral hemorrhage. 

FMD is a dysplastic disorder, not degen
erative or inflammatory. The pathologic 
process is overgrowth of smooth muscle 
cells and fibrous tissue within the arterial 
wall. In the most common form, seen in 
85% of cases, the media is primarily 
involved, and in the remaining cases, either 
the adventitia or the intima is the primary 
site. The medial form has a characteristic 
"string-of-beads" angiographic appearance 
(Fig. 10-9C) caused by alternating areas of 
medial fibroplasia and focal aneurysmal 
dilatation. Sonographically, this classical 
FMD form produces a series of ridges in the 
arterial wall (usually the ICA), as shown in 
Fig. 10-9A. This may be best seen with 
power Doppler imaging. However, there are 
two other imaging presentations of FMD: a 
long, tubular ICA stenosis or asymmetrical 
ICA out-pouching. In all cases, however 
the ICA is selectively involved, and the 
affected area tends to be relatively high in 
the ICA. 

When FMD exhibits the classic string
of-beads appearance, differentiation from 
other carotid pathology generally is not dif
ficult. The "long stenosis" presentation is a 
different story, however. This form is not 
specific and may be mistaken for athero
sclerosis or dissection. The latter is particu
larly problematiC, as ICA dissection is said 
to complicate about 20% of FMD cases. Dif
ferentiation from atherosclerosis generally 
is on the basis of age, as FMD usually pres-

ents at a younger age than does athero
sclerosis. Many cases of FMD will require 
correlation with arteriography, magnetic 
resonance angiography, or computed tomo
graphic angiography for confirmation or 
definitive diagnosis. 

CAROTID BODY TUMOR 

The normal carotid body is a tiny ovoid 
structure 1 to 1 .5 mm in size located in the 
adventitia of the carotid bifurcation. The 
function of the carotid body is not well 
understood, but it is a component of the 
autonomic nervous system that participates 
in the control of arterial pH, blood gas 
levels, and blood pressure. l l  

Carotid body tumorsll,26,27 are paragan
gliomas of relatively low malignant poten
tial that arise in the carotid body. The most 
common presentation is a palpable neck 
mass with headache. Neck pain is the 
second most common presentation. These 
are rare tumors, and because of their rarity, 
up to 25% are initially thought to be 
enlarged lymph nodes before surgical 
biopsy (which can lead to substantial hem
orrhage of these highly vascular tumors) . 
Although the malignant potential of carotid 
body tumors is small, resection is standard 
therapy to prevent local adverse effects, 
such as laryngeal nerve palsy and invasion 
of the carotid arteries. Local recurrence 
occurs in 6% of cases and distant metastasis 
in 2% of cases. 

On sonographic examination, carotid 
body tumors are highly vascular masses 
nestled within the "crotch" of the carotid 
bifurcation, as seen in Figure 10-10. In some 
cases, the tumor may encase or surround the 
ECA or ICA, causing stenosis or potentially 
complicating surgical excision. It is useful, 
therefore, to assess the relationship of the 
tumor to the bifurcation vessels. Ultrasound 
may also be used to follow the growth of 
small tumors if surgery is not anticipated 
(e.g., in an elderly person with limited life 
expectancy or a poor surgical candidate). 
Most carotid body tumors are surgically 
resected to prevent invasion of the carotid 
arteries or the nearby recurrent laryngeal 
nerve. Untreated, they may cause carotid 
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stenosis or occlusion or may result in carotid 
rupture. Arteriography is usually performed 
preoperatively, and the tumor may be 
embolized angiographically to reduce vas
cularity in anticipation of surgery. 

TRICKY CAROTID CASES 

The editors of this text have, over the years, 
encountered cases that have surprised us 
or others. Our goal here is to present exam
ples of these tricky cases so that, hopefully, 
the readers of this text will not succumb to 

FIGURE 1 0-9. Carotid fibromuscular dysplasia. A, This 
power Doppler image shows a series of ridges (arrows) 
along the lumen of the internal carotid artery charac
teristic of fibromuscular dysplasia. B, Spectral Doppler 
shows moderate flow disturbance and elevation of flow 
velocity (about 200 cm/sec). C, Magnetic resonance 
angiography shows the classical ridged appearance in 
both internal carotid arteries (arrows) .  

the features of these cases that make them 
difficult. 

Case 1 

Introduction 

This 68-year-old man presented with a right 
cervical bruit. He had undergone left carotid 
endarterectomy 8 years previously. His left 
common carotid artery is occluded, as 
shown in Figure 10-3. The findings on the 
right side are shown in Figure 10-1 1 .  Please 
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FIGURE 1 0-10. Carotid body tumor. A, This longitudinal color flow image shows a homogeneous, hypo echoic 
tumor (T), which splays the internal (ICA) and external (ECA) carotid artery branches. Blood flow (color areas) was 
easily detected in the tumor. B, Carotid arteriography in the lateral projection shows the highly vascular nature 
of the mass. 

review this information and determine the 
severity of the right ICA stenosis. 

Analysis 

At first glance, the peak systolic velocity 
(25 7  em/sec) and the end-diastolic velocity 
( 1 1 5  cm/sec) suggest a high-grade stenosis 
whose diameter has been reduced by 70% 
or more, but notice that the color flow 
image is not consistent with that level of 
narrowing. If you calculate the systolic 
velocity ratio (ICA/CCA), you get 2. 1 ,  which 
is well below the 4.0 level usually seen with 
narrowing of 70% or more. The reason for 
the spuriously high velocities is the con
tralateral CCA occlusion. Notice the peak 
systolic velocity of 121  cm/sec in the right 
CCA. This is well above the normal level, 

which rarely reaches 100 cm/sec. This phe
nomenon is called compensatory flow 
through the normal or less severely 
involved carotid artery. The carotid artery 
opposite the high-grade stenosis or occlu
sion demonstrates increased peak systolic 
velocities, which appear out of proportion 
to the degree of narrowing identified on 
gray-scale and color Doppler examination. 
The systolic velocity ratio (ICA/CCA) per
forms better, therefore, than the ICA peak 
systolic velocity alone in grading stenosis 
severity. In this case, the right carotid 
vessels are serving as collaterals that make 
up for diminished left carotid blood flow, 
The higher volume of blood flow skews all 
velocities upward in the right carotid 
system, including the ICA stenosis velocity. 
One important clue to the diagnosis of com
pensatory flow is elevation of peak systolic 
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velocities throughout the entire contralat
eral CCA and ICA. 

Diagnosis 

Approximately 50% ICA stenosis with ex
aggerated flow velocity due to collat
eralization. 

Points to Remember 

1 .  High-flow states, regardless of cause, 
increase peak systolic velocity, possibly 
causing overestimation of stenosis 
severity. 

2. Always look at the "big picture, "  not just 
an isolated velocity measurement. Think 
about what is happening in the entire 
carotid/vertebral system and remember 
that altered flow physiology in one area 
may affect Doppler findings in other 
areas. 

3 .  Always consider the systolic velocity ratio 
when you diagnose stenosis severity. 

4. Always compare the spectral Doppler, 
gray-scale, and color flow findings. If 
they do not correspond, ask yourself, 
"Does this make sense, or am I making a 
mistake?" 

FIGURE 1 0-1 1 .  Case 1 .  A ,  Right internal carotid artery 
(RICA) color flow image. B, RICA Doppler spectrum. C, 
Right common carotid artery (RCCA) Doppler spectrum. 

Case 2 

Introduction 

This 78-year-old man presented with a left 
cervical bruit. Gray-scale and color flow 
images (not included here) showed only 
minimal bifurcation plaque bilaterally. 
Please review the Doppler findings, shown 
in Figure 10-12, and make a diagnosis. 

Analysis 

Note that all of the Doppler waveforms on 
the left side are damped and of lower veloc
ity than on the right. This pulsus parvus and 
tardus appearance always indicates that you 
are downstream from a stenosis. Because the 
findings are unilateral, they indicate that 
the stenosis is on the left only. The narrow
ing must be in the proximal, nonvisualized 
segment of the CCA, because we noted that 
only minimal plaque was seen in the visu
alized portiOns. 

Diagnosis 

High-grade, proximal left common carotid 
artery stenosis. 
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FIGURE 1 0-1 2. Case 2. A, Left and right common 
carotid artery (CCA) Doppler spectrum. B, Left and 
right internal carotid artery (ICA) Doppler spectrum. 
C, Left and right external carotid artery (ECA) Doppler 
spectrum. 

Points to Remember 

Important arterial pathology may exist 
that is outside the range of direct carotid 
visualization (either proximal or distal). 

Such pathology is revealed only by Doppler 
findings. 
1. Always compare the waveform shape and 

Doppler velocity measurements from 
both carotid arteries side to side. Differ
ences may not be as obvious as in this 
case, but even subtle differences should 
be treated as suspicious. 

2. Stenoses occur commonly at the aortic 
origin of the brachiocephalic arteries. 
The most frequent sites are the left 
common carotid and the left subclavian 
arteries. 

Case 3 

Introduction 

This 73-year-old woman suffered a right 
hemispheric stroke but had a good recovery. 
Take a look at the Doppler signals derived 
from the right carotid bifurcation branches 
(Fig. lO-13A and B). Decide which is the 
ICA and which is the ECA before you look at 
the angiogram in the same figure (part C) . 

Analysis 

The right ICA is occluded, but this fact was 
missed by the inexperienced sonographer 
and sonologist involved with this case. It is 
easy, in retrospect, to understand why this 
misdiagnosis occurred. The two Doppler 
waveforms shown in Figure 10-13 are vir
tually identical because they both are from 
ECA branches. Unfortunately, the Similarity 
of the waveforms was not appreciated. In 
addition, the sonographer did not tap on 
the superficial temporal artery. If she had, 
the fact that both vessels were, in fact, ECA 
branches may have been apparent. 

The pulsatility of the Doppler waveforms 
is another observation that might have pre
vented this error. Both waveforms are more 
pulsatile than normally seen in the ICA, yet 
they are less pulsatile than the usual ECA 
waveforms. The diminished pulsatility 
results from collateralization to the low
resistance cerebral circulation. 

Finally, an anatomic factor contributing 
to the error was the large size of the primary 
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B c 
FIGURE 1 0-1 3. Case 3. A and B, Right carotid bifurcation branches. C, Right carotid arteriogram. Arrow indicates 
the stump of the occluded ICA. 

ECA collateral, which made the sonogra
pher believe that this vessel was the ICA. 

Diagnosis 

Internal carotid artery occlusion with ECA 
collateralization. 

Points to Remember 

1 .  The Doppler signals in the ICA and ECA 
should always sound different, and the 
waveforms should always look different. 

2. The sonographer should tap on the 
superficial temporal artery in front of 
the ear to identify the ECA, and the 
resulting Doppler spectrum should be 

recorded as part of each carotid ultra
sound examination. 

3. If you cannot decide if one bifurcation 
vessel is the ECA and the other is the 
lCA, do not guess! It is better to say that 
you are unsure than to make a diagnos
tic error. When in doubt, our sonogra
phers label the carotid branches A and B, 
rather than ECA and lCA, and we, the 
physicians, take it from there. Basically, 
we have two options: bring the patient 
back and look for ourselves, or refer the 
patient for another imaging study such 
as magnetic resonance or computed 
tomographic arteriography. 

4. Misidentification of the lCA and ECA can 
be very important in cases of stenosis. 
Patient management may be inappropri
ate if an ECA stenosis is attributed to the 
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ICA or vice versa. (In the case presented 
here, the misdiagnosis did not affect 
clinical management, as the ICA was 
occluded.) 

Case 4 

Introduction 

A screening carotid ultrasound was ordered 
on this 55-year-old man prior to cardiac 
surgery. With gray-scale and color flow 
imaging, only a few small plaques were seen 
in the cervical portions of the carotid arter-
ies. Please review the Doppler waveform A 
findings shown in Figure 10-14 and make a 
diagnosis. 

Analysis 

The Doppler waveforms are uniformly 
damped, and flow velocity is low in all 
areas, indicating a "global" physiologic dis
order. The two principal considerations are 
aortic valve disease and poor myocardial 
function. In this case, the patient was await
ing aortic valve replacement for severe 
aortic stenosis. Had the problem been severe 
aortic insufficiency, a to-and-fro flow 
pattern might be seen in the Doppler 
waveforms. 

Diagnosis 

Aortic valve stenosis causing global 
damping of carotid Doppler waveforms. 

Points to Remember 

1 .  Global low velocity and damping is 
usually caused by aortic valve disease or 
poor myocardial function. 

2. Cardiac function can profoundly affect 
carotid Doppler findings. If this patient 
had a carotid stenosis, velocities in the 
stenosis would have been substantially 
lower than in an individual without 
heart disease. As in the case of com
pensatory flow (Case I), the ICAICCA 

B 

c 
FIGURE 1 0-1 4. Case 4. A, Right and left common 
carotid artery (CCA) Doppler spectrum. B, Right and 
left internal carotid artery (leA) Doppler spectrum. 
C, Right and left external carotid artery (ECA) Doppler 
spectrum. 
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systolic velocity ratios approximate the 
level of disease better than ICA peak 
velocity used independently. 

3 .  Always consider the "global" view of car
diovascular physiology when interpret
ing carotid ultrasound studies. 

Case 5 

Introduction 

This 77-year-old man presented with right 
hemispheric transient cerebral ischemia. 
Look at the findings presented in Figure 
10-15 and grade the right ICA stenosis. 

Assessment 

By merely looking at the right common 
carotid Doppler waveform, you can diag
nose high-grade stenosis or occlusion of the 

A 

c 

right ICA, because the waveform provides 
evidence of very high flow resistance indi
cated by absence of flow late in diastole. 
In addition, peak systolic velocity (21 .5  cm/ 
sec) is very low, because the obstruction 
has reduced the volume of blood flowing 
through the right CCA. 

The confuSing thing about this case is the 
relatively low peak systolic velocity of 1 78 
cm/sec in the ICA stenosis, as well as the 
absence of end-diastolic velocity elevation. 
The peak systolic velocity would ordinarily 
be consistent with a 50% to 69% stenosis, 
but this degree of narrowing does not cor
relate with the high-reSistance CCA Doppler 
waveforms or the color flow image, which 
clearly suggests a high degree of ICA 
narrOWing. 

So, what is going on here? Why is the 
peak velocity measurement so out of line 
with the other findings? There are two 
reasons for the discrepancy. First, the color 
flow image shows that this is an unusually 

B 

o 
FIGURE 1 0-1 5. Case S. A, Right common carotid artery (RCCA) Doppler spectrum. B, Comparison left CCA (LCCA) 
Doppler spectrum. C, Right internal carotid artery (RICA) Doppler spectrum. D, Long-axis color flow view of the 
RICA. (Anows indicate the arterial wall, which is not clearly seen.) 
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long stenosis. The flow resistance imposed 
by a stenosis is directly proportional to its 
length. In long stenoses, the resistance is so 
great that the flow velocity may be sub
stantially lower than that seen in a short 
stenosis. The second reason for the low 
velocity is evident in the left CCA Doppler 
findings. Peak CCA systolic velocity is only 
39 cm/sec, which is much lower than the 
usual 60 or 70 cm/sec. This man has reduced 
cardiac function, due to ischemic myocar
dial damage, which causes reduced flow 
velocity in all parts of his cerebral vessels, 
including the right ICA stenosis. 

Did you calculate the ICA/CCA systolic 
ratio? If you did, you would have found a 
very high ratio of 8.5, clearly consistent 
with high-grade stenosis. 

Diagnosis 

Severe (>70%) ICA stenosis with unusually 
low stenotic zone velocity. 

Points to Remember 

1 .  Low-flow states (e.g., cardiac dysfunction 
or proximal arterial obstruction) gener
ally reduce stenosis velocity. The systolic 
velocity ratio generally compensates for 
this. 

2. Peak systolic and end-diastolic velocity 
are lower than anticipated in long 
stenoses (>2 cm). 

3. As stated previously, always consider the 
"big picture" of cardiovascular physiol
ogy to avoid overestimating or underes
timating stenosis severity. 

4. Always compare the gray-scale, color 
flow, and Doppler findings. If they do 
not match, investigate the possibility of 
diagnostic error. 

Case 6 

Introduction 

This is a follow-up examination in a 52-
year-old man who had undergone innomi
nate artery stenting 8 mo previously. Please 
review the Doppler findings in Figure 

10-16. What is the cause of the strange 
carotid waveforms on the right side? What 
other vessels would you look at to confirm 
your diagnosis? 

Assessment 

The right CCA and ICA Doppler waveforms 
are biphasic, indicating that to-and-fro 
blood flow is present in these vessels. ECA 
flow is cephalad but with an odd waveform 
pattern. What could cause biphasic carotid 
artery signals? There are two possibilities. If 
both the right and left carotid signals were 
biphasic, aortic insufficiency would be the 
cause. With unilateral, right-sided biphasic 
signals, the cause is innominate artery 
stenosis. During systole, blood flows 
forward into the carotid system, while in 
diastole, it flows backward into the right 
subclavian artery and arm. In this case, the 
innominate stenosis is severe enough to 
cause flow reverses in the CCA and ICA . 

. With less severe stenosis, CCA and ICA flow 
remains cephalad, but the Doppler wave
forms are oddly shaped, similar to the ECA 
waveforms seen in this case. This odd wave
form shape has been called the "crouching 
bunny. " The head and ears are on the right 
and the body on the left. You don't see a 
crouching bunny? Look at the waveforms 
on the right side of the spectrum. 

If the innominate artery were occluded, 
flow would be persistently reversed in the 
carotid arteries, or perhaps the CCA would 
be occluded by thrombus. If the stenosis 
were at the CCA origin, damped flow signals 
would be seen, similar to Case 2. 

The other vessels to look at in this case 
are the right vertebral and the subclavian 
arteries. The vertebral artery would have 
biphasic, or reversed, Doppler waveforms, 
and the subclavian artery would have 
monophasic, damped waveforms. These are 
the standard findings of vertebral-to-subcla
vian steal, which are illustrated in the next 
chapter. In addition, you could angle the 
ultrasound image down beneath the clavi
cle in an attempt to directly visualize high 
flow velocity and turbulence in the stenotic 
innominate artery. (We tried but could not 
see far enough.) 
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FIGURE 1 0-16. Case 6, A-C, 
Right common carotid artery 
(CCA), external carotid artery 
(ECA), and internal carotid 
artery (lCA) Doppler spectrum, 
respectively. D and E, Left CCA 
and lCA Doppler spectrum, 
respectively. 
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CHAPTER 1 0  Carotid Occlusion, Unusual Carotid Pathology, and Tricky Carotid Cases 

FIGURE 1 0-1 6-cont'd. 

E 

Diagnosis 

Right carotid steal caused by innominate 
artery stenosis. 

Points to Remember 

1 .  Biphasic or "crouching bunny" carotid 
waveforms result from innominate 
stenosis. 

2. Innominate occlusion causes flow rever
sal in the right carotid arteries or sec
ondary CCA occlusion. 

3. Carotid steal occurs only on the right 
side, where the carotid and subclavian 
arteries have a common origin from the 
innominate artery. The left CCA arises 
directly from the aortic arch. 

4. If you see odd waveforms in the right 
carotid system or in the vertebral arter
ies, look for associated subclavian artery 
Doppler abnormalities and measure the 
blood pressure in both arms. (A 20-mm 
Hg side-to-side difference indicates sub
clavian or innominate obstruction.) 
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Chapter 
1 1  

Ultrasound Assessment of 
the Vertebral Arteries 

PH I LL IP J .  BEND ICK, PHD 

The relationship between carotid athero
sclerotic disease and lateralizing symp
toms of cerebrovascular ischemia, such as 
transient ischemic attacks, amaurosis fugax, 
and stroke, is well established, and carotid 
endarterectomy has been shown to be ef
fective in the management of selected 
groups of these patients.1-3 However, no 
consistently successful diagnostic and man
agement techniques are available for those 
patients who present with a more confus
ing clinical picture of nonlocalizing symp
toms of transient cerebral ischemia, such 
as blurred vision, ataxia, vertigo, syncope, 
or generalized extremity weakness. It can 
be difficult to determine whether the 
symptoms arise from carotid artery throm
boembolic disease, generalized ischemia 
resulting from carotid or vertebrobasilar 
artery occlusive disease (or both), or some 
factor not directly related to the cerebral 
vasculature, such as cardiac disease.4-6 
Symptomatology of posterior circulation 
ischemia is typically multiple and varied, 
and the potential contribution of verte
brobasilar insufficiency may be difficult to 
evaluate. Although surgical reconstruction 
of the vertebral arteries is a successful and 
relatively safe procedure/'S the selection of 
appropriate patients for such reconstruction 
can be confounded by the previously men
tioned diagnostic uncertainties, as well as 
by the fact that symptoms of posterior cir
culation ischemia frequently improve fol
lowing carotid artery endarterectomy or 
reconstruction.9,10 

Angiography, performed on the basis of 
the patient's clinical history data, histori-

cally has been the definitive diagnostic 
procedure to identify significant verte
brobasilar obstructive lesions.ll ,12 The use of 
duplex ultrasound as a primary diagnostic 
technique for the diagnosis of vertebrobasi
lar insufficiency has been limited. Routine 
evaluation of the vertebral arteries is an 
accreditation reqUirement for the Extra
cranial Cerebrovascular System by the Inter
societal Commission for the Accreditation 
of Vascular Laboratories,* as well as other 
accrediting organizations, but this assess
ment typically is limited to the presence 
or absence of flow and flow direction. Stan
dard textbooks have limited reference to 
the vertebral arteries, despite the fact that 
the vertebrobasilar system is responsible 
for 20% to 30% of intracranial blood flow. 
For example, in Strandness's textbook on 
vascular disorders, only two paragraphs of 
the entire chapter on extra cranial arterial 
disease deal with the vertebral arteries, and 
then only to discuss qualitative waveform 
evaluation. 13 

Duplex ultrasound has been shown to 
be an effective noninvasive technique for 
the evaluation of the extra cranial segments 
of the vertebral arteries. 14-1S Adequate 
imaging and quantitative spectral Doppler 
velocity data can be obtained from some 
portion of the mid-segment of the extracra
nial vertebral arteries in more than 98% of 
patients and vessels. 16,19,20 It is possible to 
collect imaging and spectral Doppler veloc
ity data from the origin of the right 

*8840 Stanford Boulevard, Suite 4900, Columbia, MD 
21045; www.icavl.org. 
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vertebral artery in more than 80% of 
patients and from the origin of the left ver
tebral artery in approximately two thirds of 
patients. The sections below describe appro
priate duplex ultrasound evaluation tech
niques, the qualitative and quantitative 
data that can be obtained, and the inter
pretation and possible clinical significance 
of these results. 

EXAMINATION TECHNIQUES 

Because most hemodynamically signifi
cant lesions of the vertebral arteries occur at 
their origin (Region VI, defined as the 
segment from the origin of the vertebral 
artery to its entrance into the foramen of 
the transverse process, which occurs at the 
level of the sixth cervical vertebra in 
approximately 90% of cases), it would seem 
that this would be the logical site to begin 
the duplex ultrasound examination. 
Anatomically, however, this approach can 
be technically difficult (if not technically 
impossible) in as many as one third of 
patients, as the origin of the vertebral artery 
may lie deep to the skin surface and visual
ization may be obstructed by the clavicle, 
which interferes with the necessary probe 
position. Additionally, as the first major 
branch off the subclavian artery, the verte
bral artery origin may be markedly tortuous, 
making proper angle correction for velocity 
measurements very difficult. Finally, the 
origin and proximal segment of the verte
bral artery may be confused with other 
large branches arising from the proximal 
subclavian artery, such as the thyrocervical 
trunk. 

A more reliable approach to assessment 
of the vertebral arteries is to initially evalu
ate the vessel near its mid-segment, or 
Region V2 (the segment of the vertebral 
artery that courses cranially through the 
foramina to the transverse process of the 
axis). This segment of vessel is typically 
quite straight, with minimal tortuosity; 
does not have any Significant taper or diam
eter changes; has no immediately adjacent 
blood vessels, except the vertebral vein; and 
has no significant branching segments 

that would make flow velocity measure
ments unreliable. In addition, Region V2 of 
the vertebral arteries is only rarely involved 
with atherosclerotic obstructive disease. 
Further distally, the vertebral artery may be 
interrogated using a suboccipital approach 
and transcranial Doppler techniques, but 
Region V3 (the segment that extends from 
the artery's exit at the axis to its entrance 
into the spinal canal) and Region V 4 
(extending from the point of perforation of 
the dura to the origin of the basilar artery) 
are generally inaccessible to duplex ultra
sound during an extra cranial cerebrovascu
lar examination. 

Imaging of Region V2 is most easily 
accomplished by first obtaining a good lon
gitudinal view of the mid-common carotid 
artery at the approximate level of the third 
through fifth cervical vertebrae. Once this 
image has been obtained, a slight lateral 
rocking motion of the probe will bring the 
vertebral artery into view. The vertebral 
artery is readily identified by the prominent 
anatomic landmarks of the transverse 
processes of the cervical spine, which 
appear as bright echogenic lines in the 
image, beyond which deeper-lying tissues 
are obscured by acoustical shadowing (Fig. 
1 1-1) .  Between these anechoic, rectangular
shaped regions of acoustic shadowing lie an 
anechoic band representing the vertebral 
artery, as seen with gray-scale sonography. 
Color flow Doppler imaging helps to iden
tify the vertebral artery by the pulsatile 
pattern of color flow within the anechoic 
band. The color flow image also distin
guishes the vertebral artery from the adja
cent vertebral vein, but typically the 
gray-scale image, with its anatomic land
marks, is sufficient for identifying the ver
tebral artery. Once an image of the artery 
has been obtained, the spectral Doppler 
sample volume can be placed in mid-vessel 
(Fig. 1 1-2) to obtain qualitative and quan
titative data for the evaluation of local 
hemodynamiCS. If these data appear abnor
mal, the vertebral artery can be followed 
back toward its origin as far as possible (Fig. 
1 1-3), using combined gray-scale and color 
Doppler imaging, to assess flow hemody
namics in the proximal segment of the 
artery. 
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CHAPTER 1 1  Ultrasound Assessment of the Vertebral Arteries 

FIGURE 1 1 -1 . Normal vertebral artery. Longi
tudinal gray-scale image of a normal vertebral 
artery segment at the approximate level of 
C3-CS (Region V2) showing the acoustic shad
owing from the adjacent bony transverse 
processes of the spine. 

FIGURE 1 1-2. Normal spectral 
Doppler velocity waveform from 
the mid-segment of a vertebral 
artery. Peak systole is well defined, 
with a peak systolic velocity (PS) 
of S2 em/sec. Sustained antegrade 
flow is present throughout the 
cardiac cycle, similar to the nor
mal flow patterns in the internal 
carotid artery. 

FIGURE 1 1-3. Longitudinal gray-scale image of 
the origin of a normal vertebral artery. Note 
the tortuosity of the proximal segment (Region 
VI) of the artery. 
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VERTEBRAL ARTERY 
HEMODYNAMICS: QUALITATIVE 
ASSESSMENT 

Normal Findings 

Qualitatively, the spectral Doppler velocity 
waveform in the vertebral artery should 
appear as a scaled-down version of flow in 
the internal carotid artery, since both 
directly supply the low-resistance intra
cranial vascular system. The waveform 
should have a well-defined systolic peak 
with sustained flow throughout diastole, 
as seen in Figure 1 1-2. There is wide vari
ability in the absolute peak systolic veloc
ity in normal patients, with a range of 
20 cm/sec to 60 cm/sec.IS From one third to 
one half of patients have a dominant verte
bral artery, which demonstrates larger size 
and higher flows than the contralateral side. 
In such cases, the nondominant, anatomi
cally small vertebral artery may demon
strate flow characteristics of increased 
vascular resistance, with diminished flow 
velocities at peak systole and throughout 
diastole. 

Absence of Flow 

Abnormalities in vertebral artery flow 
hemodynamics can be detected readily from 
the spectral Doppler velocity waveform and 
data. If no flow signal can be detected in a 
vertebral artery that is adequately imaged, 
that is diagnostic of a vertebral artery occlu
sion, as with any other blood vessel. While 
the occlusion is typically at the origin of the 
artery, there may be only a segmental occlu
sion, and this should be verified whenever 
possible by more proximal evaluation of the 
vertebral artery, as close to the origin as can 
be accomplished. 

Flow Reversal 

A more common finding in the vertebral 
artery is reversed flow, or subclavian steal, 
illustrated in Figure 1 1-4. This is a simple 
diagnosis to make with duplex ultrasound 

FIGURE 1 1-4. Illustration of the route of flow in the left 
vertebral steal. X indicates the point of subclavian 
artery obstruction. ICA, internal carotid artery. 

when retrograde vertebral artery flow is seen 
throughout the cardiac cycle (Fig. 1 1-5), 
although one must be careful not to confuse 
the pulsatile flow signal in the vertebral vein 
with reversed vertebral artery flow. In 90% 
of cases, reversed vertebral flow (due to sub
clavian steal) occurs on the left side. When 
vertebral flow reversal is seen on the right 
side, it is important to determine whether 
the source of the steal is the subclavian 
artery, which affects only vertebral artery 
flow, or the innominate artery, which has a 
significant effect on both the right common 
carotid and vertebral arteries. As a second
ary diagnostic finding in patients with sub
clavian steal, it should also be possible to 
document abnormal flow velocity wave
forms in the distal segment of the affected 
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FIGURE 1 1-5. Reversed vertebral flow. The 
spectral Doppler velocity signal shows reversed 
flow secondary to subclavian steal. 

subclavian artery (Fig. 1 1-6) . Typically, 
patients with subclavian steal have a sys
tolic pressure difference greater than 15  to 
20 mm Hg between the normal and affected 
arms. An additional secondary finding may 
be increased vertebral artery size and flow 
contralateral to the subclavian steal. Due to 
the great degree of variability in normal 
vertebral artery size and flow velocity cited 
previously, however, these findings are not 
diagnostic as isolated observations. 

Frequently, in cases of subclavian steal, 
there may be a subclavian artery obstruction 
at its origin that is significant but not so 
severe as to cause a complete reversal of flow 
in the ipsilateral vertebral artery. The chang
ing balance of hemodynamic forces during 
the cardiac cycle causes systolic flow decel
eration in the vertebral artery, which if 
severe enough, is manifest as bidirectional 
flows (Fig. 1 1-7). During peak systole, a sig
nificant pressure drop occurs across the sub
clavian artery stenosis in association with a 
high-velocity flow jet. At the same time, 
normal systolic pressure is present in the 
contralateral vertebral artery and basilar 
artery. As a result, there is a net pressure gra
dient, from distal to proximal, across the 
vertebral artery on the side of the subclavian 
stenosis, which causes deceleration during 
systole or even transient reversal of flows. 
During the diastolic phase of the cardiac 
cycle, flow velocities across the subclavian 
artery lesion are diminished and no signifi-

cant pressure drop occurs across the steno
sis; thus, during diastole, the net pressure 
gradient within the affected vertebral artery 
is essentially normal and produces ante
grade flows with diminished absolute flow 
velocities. 

When the balance of hemodynamic 
forces produces a bidirectional flow pattern, 
the overall effect is a net volume blood flow 
in the vertebral artery that is very small, on 
the order of only a few milliliters per 
minute. This net flow may be either ante
grade or retrograde, and angiographically, 
the low flow rate may result in nonvisual
ization of the vertebral artery, mimicking 
occlusion.21 

Elevated Velocity 

There are a number of hemodynamic con
ditions that might lead to abnormally 
strong or highly accelerated flow patterns in 
the vertebral arteries. The most common 
was mentioned previously; namely, the 
presence of a dominant vertebral artery, 
most often seen on the left side. Signifi
cantly increased vertebral artery flows also 
may be seen when one or both vertebral 
arteries are the compensatory mechanism 
for occlusive disease elsewhere in the cere
brovascular system (Fig. 1 1-8). This may 
be a consequence of occlusion or near 
occlusion of an internal carotid artery or the 
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B 

c 

FIGURE 1 1 -6. Subclavian steal Doppler find
ings. A, Spectral Doppler velocity signal from 
a normal subclavian artery shows the charac
teristic high-resistance multiphasic waveform. 
B, Spectral Doppler velocity signal from the 
distal subclavian artery of the patient with 
subclavian steal (shown in Fig. 1 1-5). The 
waveform is monophasic, significantly dimin
ished, and damped, characteristic of severe 
proximal obstruction at the origin of the sub
clavian artery. C, Spectral Doppler velocity 
signal from the origin of the subclavian artery 
showing a characteristic stenotic, turbulent 
flow signal with markedly elevated peak sys
tolic velocity (PS, 536 cm/sec). 
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FIGURE 1 1 -7. Vertebral waveform abnormali
ties ipsilateral to subclavian steal. A, This spec
tral Doppler vertebral signal shows early 
systolic deceleration. The point of minimum 
flow, where the spectral trace hits the zero-flow 
baseline, occurs at peak systole, when the pres
sure drop across the subclavian artery stenosis 
is maximum. B, Spectral Doppler vertebral 
signal shows bidirectional flow. In this case, 
the subclavian stenosis is severe enough to 
cause transient reversal of flow during peak 
systole, with resumption of diminished but 
ante grade flows during diastole. 

FIGURE 1 1 -8. Contralateral compensatory flow. 
Elevated right vertebral artery flow (peak 
systole, PS, 95.5 cm/sec) is evident in a patient 
with a left subclavian steal. Compensatory flow 
accounts for the reversed flows in the con
tralateral vertebral artery. 
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contralateral vertebral artery, or may repre
sent compensatory flow from a subclavian 
steal in the contralateral vertebral artery. An 
anatomically small vertebral artery may 
have elevated peak systolic velocities 
because of the small lumen, but, typically, 
diastolic velocities will be diminished as 
well, because of the elevated vascular resist
ance of a small-caliber vessel (Fig. 1 1-9). 
Rarely, high-velocity turbulent flow patterns 
may be detected in the mid-segment of a 
vertebral artery because of extrinsic com
pression from the bony spine (often associ
ated with changes in head or neck position) 
or, even more rarely, because of a mid
vertebral atherosclerotic stenosis. 

VERTEBRAL ARTERY 
HEMODYNAMICS: 
QUANTITATIVE ASSESSMENT 

In addition to the qualitative evaluation of 
vertebral artery flow hemodynamics, it is 
possible to quantitate volume flows in the 
vertebrobasilar arterial system. This may 
provide clinically helpful information in 
some cases, as the majority of posterior cir
culation symptoms are thought to represent 
ischemia, unlike the thromboembolic 
nature of most carotid artery territory symp
toms. Technically, the ability to calculate 
vertebral artery volume flows is present on 
most duplex ultrasound instruments. It 
requires a combination ·of spectral Doppler 
velocity data, from which a time-averaged 
velocity for a complete cardiac cycle can be 

calculated, and a measurement of the vessel 
lumen diameter, from which cross-sectional 
area can be calculated (Fig. 1 1-10). These 
two measurements can be combined to give 
volume flow in milliliters per minute. Mea
surement accuracy approaches +/- 10% in a 
vessel segment such as the mid-vertebral 
artery, which is relatively straight and non
tapering and is without significant branches 
at the measurement site.16 Our own experi
ence16 has shown that it is technically pos
sible to measure volume flow in more than 
99% of vertebral arteries (1491 of 1500 con
secutive patients). As with peak systolic 
velocities, patients with normal physiology 
show a wide variation in volume flows, 
ranging from less than 75 mL/min to more 
than 150 mL/min. When both vertebral 
arteries are considered together, however, 
the normal total (right plus left) vertebral 
artery flow is approximately 200 mL/min 
or greater. Patients with non localizing 
cerebrovascular symptoms suggestive of 
posterior circulation ischemia are much 
more likely to have overall diminished 
« 200 mL/min) vertebrobasilar system flow 
than asymptomatic patients or those with 
lateralizing, hemispheric symptoms. This is 
particularly true if there is only minimal or 
no obstructive disease in the carotid artery 
systems, thus identifying a group of symp
tomatic patients with potentially true pos
terior circulation ischemia secondary to 
poor vertebrobasilar system hemodynamiCS. 

The clinical importance of diminished 
vertebrobasilar flow depends on the under
lying cause of poor flow and whether it can 

FIGURE 1 1-9. Diminished flow (peak systole, 
PS, 3 1 .8 cm/sec) in an anatomically small ver
tebral artery (lumen diameter approximately 2 
mm). The spectral Doppler velocity waveform 
also exhibits characteristics of a high-resistance 
flow signal, with an absence of any diastolic 
flow, caused by the increased vascular resist
ance of the small vessel lumen. 
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FIGURE 1 1 -1 0. Vertebral volume flow mea
surement. A, Spectral Doppler velocity signal 
from a normal vertebral artery showing 
machine-calculated, time-averaged mean ve
locity (TMEAN 26 cm/sec) over three consecu
tive cardiac cycles. The time-averaged velocity 
is used for the determination of volume flows 
in the vessel. E, Cursors have been placed 
on the image shown in part A, identifying 
the lumen diameter at the site of the time
averaged velocity measurement, allowing cal
culation of volume flow (mean velocity times 
vessel cross-sectional area), in this case, 141 
mL/min (FLOW). 

B 

be remedied. The vertebral arteries may be 
hypoplastic bilaterally and unable to 
support more flow; there may be poor 
cardiac output; or there may be an intracra
nial occlusion of the distal vertebral or 
basilar artery. Qualitative assessment of the 
spectral Doppler velocity flow waveform 
can be used to diagnose distal vertebral or 
basilar occlUSion, because the absolute 
velocities in both systole and diastole are 
likely to be severely diminished because of 
elevated distal vascular resistance, even 
though the waveform shape may appear to 
be relatively normal. If an intracranial 
lesion is suspected as the underlying cause 
of diminished vertebral flow waveforms, 
this can be effectively evaluated by angiog
raphy, as newer technologies have made 
angioplasty and stenting of the basilar 
artery possible. 

Severe, proximal vertebral artery obstruc
tive disease may also be responsible for 

diminished vertebrobasilar system flow and 
cerebrovascular symptoms. In such cases, 
the spectral Doppler velocity waveform 
exhibits a "tardus-parvus" waveform, char
acteristic of damping (Fig. 1 1-1 1) (that is, a 
waveform with delayed onset of a rounded, 
poorly defined systolic peak, poor antegrade 
flows during diastole, and significantly 
diminished velocities throughout the 
cardiac cycle). 

If damped Doppler waveforms are seen in 
a vertebral artery, a careful duplex ultra
sound examination of the proximal 
segment and origin of the affected vertebral 
artery should be conducted to identify the 
site and severity of any obstructive lesion 
that may be present. Visible narrowing on 
color flow examination, accompanied by 
high-velocity color aliasing and the mosaic 
pattern characteristic of poststenotic dis
turbed flow (Fig. 1 1-12), are findings indi
cating vertebral artery stenosis. The 
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FIGURE 1 1-1 1 .  Diminished flow in midvertebral artery 
secondary to a proximal stenosis. The velocity wave
form shows the classic "tardus-parvus" shape, with a 
rounded, poorly defined systolic peak and diminished 
velocities throughout the cardiac cycle. (Peak systolic 
velocity [PSV] is only 13 cm/sec.) 

confirming evidence is high-velocity flow 
documented with spectral Doppler mea
surements. No velocity criteria are available 
to define the severity of vertebral artery 
stenoses; however, peak systolic velocity 
should be far above (typically at least a 
threefold increase) the normal range, the 
upper limit of which is 60 cm/sec. Ultra
sound diagnosis of stenosis at the vertebral 
artery origin is complicated by the frequent 
occurrence of considerable tortuosity in the 
proximal 1 to 2 cm of the vertebral artery. 
Because of tortuosity, disturbed flow is 
commonly seen in the nonstenotic proxi-

. · ,1 .• ' ... 

mal vertebral artery, and kinking of the 
vessel may occur, generating elevated flow 
velocities. Tortuosity also may render angle
corrected Doppler velocity measurements 
unreliable. Considering these problems, 
ultrasound assessment of origin stenoses of 
the vertebral arteries must be considered 
qualitative. If damped signals are present 
distal to the stenosis, then one can be rea
sonably confident that the lesion is hemo
dynamically significant. Otherwise, the 
findings must often be regarded as sugges
tive of hemodynamic significance, and con
firmation must be sought with angiography. 
Correct diagnosis is important, as modern 
surgical and interventional techniques have 
made it possible to directly address most 
proximal vertebral artery stenoses with 
good success. 

DUPLEX ULTRASOUND VERSUS 
MAGNETIC RESONANCE 
ANGIOGRAPHY 

While duplex ultrasound has replaced con
ventional angiography in most cases for the 
diagnosis of carotid artery atherosclerotic 
disease and management decisions regard-

FIGURE 1 1 -12.  Vertebral origin stenosis. Tur
bulence is visible at the origin of the vertebral 
artery on the color flow image. Spectral 
Doppler shows markedly elevated peak systolic 
velocity (PSV; 337 cm/sec) and further evi
dence of flow turbulence. 
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A B 
FIGURE 1 1 -13.  Magnetic resonance angiography (MRA) of the vertebral arteries. A, MRA clearly shows the verte
bral arteries (arrowheads) despite signal dropout in the right carotid artery bifurcation region (arrow) due to flow 
turbulence. B, MRA of the aortic arch shows both proximal common carotid arteries (C) and the proximal left ver
tebral artery (arrowhead) . The right vertebral artery (arrows) is hypoplastic with severely diminished flow and, con
sequently, is not well seen. Note the stenosis of the left subclavian artery (5) and poststenotic dilatation. As this 
stenosis lies beyond the vertebral origin, it would not affect vertebral artery flow. 

ing carotid endarterectomy, the duplex 
ultrasound findings are often corroborated 
by magnetic resonance angiography (MRA). 
The same can be said for evaluation of the 
vertebral arteries as MRA techniques and 
contrast agents continue to evolve (Fig. 
1 1-13).  Vertebral artery stenosis and extrin
sic vertebral arterial compression by the 
bony structures in Regions V2 and V3 are 
readily detected with MRA.22 Particularly 
with the use of contrast-enhanced MRA and 
three-dimensional MRA image reconstruc
tion, the visualization of the vertebral arter
ies improves significantly over standard 
two-dimensional time-of-flight MRA.23,24 
Additionally, phase contrast MRA measures 
actual vertebral artery flows and directly 
assesses vertebrobasilar arterial hemody
namics.25 From a cost-effective perspective, 
duplex ultrasound remains the initial best 
choice for vertebral artery evaluation, but if 
there are equivocal ultrasound findings, 
con trast -enhanced three-dimensional MRA 
appears to be the best choice to acquire the 
needed diagnostic information. In particu
lar, when duplex ultrasound findings 
suggest vertebral artery obstructive disease 

at a site not accessible to direct imaging, 
such as an inaccessible vertebral artery 
origin or a high-resistance flow waveform 
characteristic of more distal (Regions V3 or 
V 4) disease, MRA is able to visualize the 
region of interest with minimal invasive
ness. Rare findings such as vertebral artery 
dissection, which occurs most frequently in 
Region V4, or subsequent vertebral artery 
aneurysm formation are occasionally sug
gested by abnormal duplex ultrasound find
ings, but definitive diagnosis is best made by 
MRA.26,27 The limitations of MRA for the 
vertebral arteries are much the same as 
those for the carotid arterial system, Not all 
patients are candidates for magnetic reso
nance procedures because of metallic 
implants or an inability to cooperate fully 
for the examination. The percentage of such 
patients increases with increasing age; 
unfortunately, so does the incidence of cere
brovascular disease involving the verte
brobasilar system. Signal dropout in 
regions of severe flow turbulence, such as 
that distal to a stenosis or in a region of 
very slow flow, as might be seen in a 
hypoplastic vessel, also limit the diagnostic 
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capability of MRA in some cases (see Fig. 
1 1-13B) . 

CONCLUSIONS 

Duplex ultrasound provides a very reliable 
noninvasive technique for the evaluation of 
the vertebral arteries. Arterial flow hemody
namics can be evaluated qualitatively . by 
assessing the presence or absence of flow, 
flow direction, and the characteristics of the 
spectral Doppler flow waveform itself for 
relative systolic/diastolic flows and systolic 
flow deceleration. In addition, quantitative 
volume flow measurements can be made in 
the vertebral arteries for those patients with 
symptoms of possible or suspected posterior 
circulation ischemia. Overall evaluation of 
vertebral artery hemodynamics provides 
useful clinical information in (1)  assessing 
the hemodynamic status of the entire 
extracranial cerebrovascular system, (2) as
sessing the pathways and adequacy of com
pensatory collateral flows in patients with 
significant obstructive disease, (3) poten
tially identifying a subgroup of patients 
whose clinical presentation may be related 
strictly to the posterior circulation, and 4) 
identifying flow abnormalities in the verte
brobasilar system secondary to lesions that 
can be addressed and corrected surgically 
or with other interventional techniques, 
similar to what is presently done for carotid 
territory lesions. 

References 

1. North American Symptomatic Carotid End
arterectomy Trial Collaborators: Beneficial 
effect of carotid endarterectomy in sympto
matic patients with high-grade carotid stenosis .  
N Engl J Med 325:445-453, 199 1 .  

2. Executive Committee for the Asymptomatic 
Carotid Atherosclerosis Study: Endarterectomy 
for asymptomatic carotid artery stenosis. JAMA 
273 :142 1-1428, 1995.  

3 .  North American Symptomatic Carotid End
arterectomy Trial Collaborators: Benefit of 
carotid endarterectomy in patients with symp
tomatic moderate or severe stenosis. N Engl J 
Med 339:1415-1425, 1998. 

4.  Fisher CM, Gore I, Okabe N, White PD: Ather
osclerosis of the carotid and vertebral arteries-

extracranial and intracranial. J Neuropathol 
Exp Neurol 24:455--476, 1965. 

5 .  Castaigne P, Lhermitte F, Gautier JC: Arterial 
occlusions in the vertebrobasilar system. Brain 
96: 133-154, 1973. 

6. Ford 1J, Baker WH, Ehrenhaft JL: Carotid 
endarterectomy for nonhemispheric transient 
ischemic attacks. Arch Surg 1 10:13 14-13 1 7, 
1975.  

7 .  Berguer R,  Feldman AJ: Surgical reconstruction 
of the vertebral artery. Surgery 93:670-675, 
1983. 

8. Reul GJ Jr, Cooley DA, Olson SK, et al: Long
term results of direct vertebral artery opera
tions. Surgery 96:854-862, 1984. 

9. Malone JM, Moore WS, Hamilton R: Combined 
carotid vertebral vascular disease. Arch Surg 
1 15 :783-785, 1980. 

10.  Bogousslavsky 1,  Regli F: Vertebrobasilar tran
sient ischemic attacks in internal carotid artery 
occlusion or tight stenosis. Arch Neurol 
42:64-68, 1985. 

1 1 . Pritz MB, Chandler WF, Kindt GW: Vertebral 
artery disease: Radiologic evaluation, medical 
management, and microsurgical treatment. 
Neurosurgery 9:524-530, 198 1 .  

1 2 .  Imparato AM, Riles TS, Kim GE: Cervical verte
bral angioplasty for brain stem ischemia. 
Surgery 90:842-852, 1981.  

13 .  Strandness DE Jr :  Extracranial artery disease. In 
Strandness DE Jf (ed): Duplex Scanning in Vas
cular Disorders, 2nd ed. New York: Raven Press, 
1993, pp 1 1 3-157.  

14 .  Ackerstaff RGA, Hoeneveld H,  Slowikowski JM, 
et al: Ultrasonic duplex scanning in atheroscle
rotic disease of the innominate, subclavian and 
vertebral arteries: A comparative study with 
angiography. Ultrasound Med Bioi 10:409-418, 
1984. 

15. Bendick PJ, Jackson VP: Evaluation of the ver
tebral arteries with duplex sonography. J Vasc 
Surg 3:523-530, 1986. 

16.  Bendick pJ, Glover JL: Vertebrobasilar in
sufficiency: Evaluation by quantitative duplex 
flow measurements. J Vasc Surg 5 :594-600, 
1987. 

1 7. Bendick Pj, Glover JL: Hemodynamic evalua
tion of vertebral arteries by duplex ultrasound. 
Surg Clin North Am70:235-244, 1990. 

18. Welch HJ, Murphy MC, Raftery KB, Jewell ER: 
Carotid duplex with contralateral disease: The 
influence of vertebral artery blood flow. Ann 
Vasc Surg 14:82-88, 2000. 

19 .  Ackerstaff RGA, Grosweld WJHM, Eikelboom 
BC: Ultrasonic duplex scanning of the prever
tebral segment of the vertebral artery in 
patients with cerebral atherosclerosis. Eur J Vasc 
Surg 2:387-393, 1988. 

20, Kuhl V, Tettenborn B, Eicke BM, et al: Color
coded duplex u ltrasonography of the origin of 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


CHAPTER 1 1  Ultrasound Assessment of the Vertebral Arteries 12231 
------------------------------------------______ � L_J 

the vertebral artery: Normal values of flow 
velocities. ]  Neuroimaging 10: 1 7-21,  2000. 

2 1 .  Bendick P]: Duplex examination. In Berguer R, 
Caplan LR (eds): Vertebrobasilar Arterial 
Disease. St. Louis: Quality Medical Publishers, 
1992, pp 93-103. 

22. Clifton AG: MR angiography. Br Med Bull 
56:367-377, 2000. 

23. Phan T, Huston ] 3rd, Bernstein MA, et al: Con
trast-enhanced magnetic resonance angiogra
phy of the cervical vessels: experience with 422 
patients. Stroke 32:2282-2286, 2001 .  

24. Ersoy H ,  Watts R ,  Sanelli P, et al: Atherosclerotic 
disease distribution in carotid and verte
brobasilar arteries: Clinical experience in 1 00 

patients undergoing fluoro-triggered 3D Gd
MRA. ] Magn Res Imaging 1 7:5435-558, 2003. 

25. Guppy KH, Charbel FT, Corsten LA, et al: 
Hemodynamic evaluation of basilar and verte
bral artery angioplasty. Neurosurgery 5 1 :  
327-333, 2002. 

26. Shin ]H, Suh DC, Choi CG, Leei HK: Vertebral 
artery dissection: spectrum of imaging findings 
with emphasis on angiography and correlation 
with clinical presentation. Radiographics 20: 
1 687-1696, 2000. 

27. Zuccoli G, Guidetti 0, Nicoli F, et al: Carotid 
and vertebral artery dissection: Magnetic reso
nance findings in 15 cases. Radiol Med (Torino) 
104:466-471,  2002. 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


Chapter 
1 2  

Ultrasound Assessment of the 
Intracranial Arteries 
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INTRODUCTION 

In 1965, Miyazaki and Kato1 first reported 
the use of continuous-wave Doppler ultra
sound for the assessment of extra cranial 
cerebral vessels. Despite its rapid develop
ment in other fields, this technique was 
not applied to the intracranial vessels until 
1982. At that time, Aaslid and colleagues2 
developed a trans cranial Doppler (TCD) 
device with a pulsed wave sound emission 
of 2 MHz that could successfully penetrate 
the skull and accurately measure blood flow 
velocities in the basal arteries of the circle 
of Willis. With the introduction of TCD, it 
became possible to record intracranial blood 
flow velocity directly, and TCD became an 
important noninvasive method for assess
ing cerebral hemodynamics and for evalu
ating intracranial cerebrovascular disease. 
The continuous development and refine
ment of ultrasonography during the past 
2 decades has now established a large array 
of TCD techniques for clinical application. 
In 1990, the clinical use of transcranial 
color-coded duplex sonography (TCCS) 
was another important step forward. This 
technique combines B-mode imaging with 
frequency-based color coding and Doppler 
sonography.3 By means of TCCS, direct 
on-line visualization of the basal cerebral 
arteries and their flow directions became 
possible, allowing for angle-corrected mea
surements of blood flow velocities at 
defined depths. Subsequently, power-based4 
and three-dimensional TCCSs were added, 
and ultrasound contrast agents were intro-

duced,6 further enhancing the diagnostic 
capability of this technique.7 (Also see 
Chapter 4.) Ultrasound contrast agents have 
likewise provided the opportunity to detect 
right-to-Ieft cardiac shunts8 and to perform 
perfusion studies of the brain parenchyma 
based on indicator dilution principles.9 The 
detection of microembolic signals (MESs) by 
means of TCD constitutes another develop
mental landmark, allowing one to nonin
vasively detect and quantify microemboli 
circulating through the cerebral arteries. lO 
One of the most exciting developments 
of trans cranial ultrasonography represents 
the phenomenon of ultrasound-assisted 
thrombolysis (sonothrombolysis)Y The 
latter may open a new era of therapeutic 
ultrasound. This chapter provides an 
overview of the main technical and clinical 
aspects of intracranial ultrasonography and 
briefly introduces the latest technical 
developments. 

EXAMINATION TECHNIQUES 

General Prerequisites 

Two prerequisites should be fulfilled before 
performing a TCD examination: (1) the 
status of the extra cranial arteries has to be 
known completely, and (2) the patient 
needs to rest comfortably to avoid major 
fluctuations of Pcoz and movement arti
facts. In addition, two main anatomic con
siderations must be dealt with by the 
examiner: (1) the accessibility of the 
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ultrasonic "windows" within the skull that 
can be penetrated with the ultrasonic beam 
are often limited or not easily identified; 
and (2) the arteries at the base of the skull 
vary greatly in respect to size, course, devel
opment, and site of access. 12-15 The trans
mission of ultrasound through the cranium 
is a significant problem that has been exten
sively studied. I6-I7 It depends on the skull 
structure, which consists of three layers, 
each of which influences ultrasound trans
mission in different ways. GrolimundI 7  has 
performed a number of in vitro experiments 
showing that a wide range of energy loss 
occurs in different skull samples, and that 
the energy loss varies greatly from one loca
tion to another and among individuals. In 
no case was the power measured behind the 
skull greater than 35% of the transmitted 
power. It was further shown that the skull 
has the effect of an acoustic lens, and that 
refraction of the beam depends more on the 
variation of bone thickness than on the 
angle of insonation. 

TeD and Tees Devices 

For transcranial ultrasound applications, 
the primary design consideration is an 
excellent signal-to-noise ratio. This is one 
of the reasons that available trans cranial 
instruments have a lower bandwidth, and, 
therefore, a larger and less-defined sample 
volume than most other pulsed Doppler 
devices. Commercial TCD systems mostly 
use a 2-MHz, pulsed, range-gated Doppler 
device with good directional resolution. 
TCCS is performed with 1 .8- to 3 .6-MHz 
phased array sector transducer. Further 
instrumental requirements are ( 1 )  transmit
ting powers between 10 and 1 00 m W / 
cm/sec, (2) adjustable Doppler gate depth, 
(3) pulse repetition frequency up to 20 kHz, 
(4) focusing of the ultrasonic beam at a 
distance of 40 to 60 mm, and (5) on-line 
display of the time-averaged velocity and 
peak systolic velocity derived from 
spectral analysis of the ultrasonic sig
nals. Many commercially available TCD 
machines are equipped with special head
bands or helmets to enable continuous 
monitoring. 

Ultrasonic Windows 

Four main ultrasound approaches have 
been described to insonate the intracranial 
arteries: the transtemporal, transorbital, 
subOCCipital (Le. ,  transforaminal), and sub
mandibular approaches, Is as illustrated in 
Figure 12-1 .  An extensive nomenclature has 
been developed for describing the segments 
of the intracranial cerebral arteries, and this 
terminology is used in this chapter. If you 
are unfamiliar with cerebral artery nomen
clature, please refer to Figure 1 2-2. 

Transtemporai Approach 

The probe is placed on the temporal aspect 
of the head, cephalad to the zygomatiC arch 
and immediately anterior and slightly supe
rior to the tragus of the ear conch (Fig. 1 2-3, 
position 1 ) .  This is usually the most prom
ising examination site. A more-posterior 
window immediately cephalad and slightly 
dorsal to the first one (Fig. 1 2-3, position 2) 
may be more appropriate in a minority of 
cases, especially for insonation of the P2 
segment of the posterior cerebral arteries 
(PCAs). In some patients, a more frontally 

FIGURE 1 2-1 . Relationship of ultrasonic probes to the 
available ultrasound windows and to the basal cerebral 
a�teries. 
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FIGURE 1 2-2. Nomenclature of 
the basal cerebral arteries of the 
circle of Willis. ACA, anterior 
cerebral artery (segments AI, Az); 
ACoA, anterior communicating 
artery; BA, basilar artery; CS, 
carotid siphon (segments CI-C3); 
ICA, internal carotid artery; 
MCA, middle cerebral artery (seg
ments MI, Mz); OA, ophthalmic 
artery; PCA, posterior cerebral 
artery (segments PI, P2); PCoA, 
posterior communicating artery; 
VA, vertebral artery. 

located temporal ultrasonic window may 
be present (Fig. 12-3, position 3) . By using 
these trans temporal approaches, the beam 
can be angulated anteriorly or posteriorly 
relative to the corresponding probe posi
tions on the opposite side of the head. The 
anterior orientation of the beam allows for 
the insonation of the MI and Mz segments 
of the middle cerebral arteries (MCAs), the 

FIGURE 1 2-3. Available temporal ultrasonic windows 
and probe placement. 1 ,  Preauricular position; 2, pos
terior window; 3, anterior window. The probe should 
first be placed in the preauricular region to identify the 
middle cerebral artery. Very subtle meander-like move
ments of the probe should be performed in each posi
tion. If position 1 is not successful, pOSition 2 should 
be tried next, before position 3 is chosen. 

C] segment of the carotid Siphon (CS), the 
Al segment of the anterior cerebral artery 
(ACA), and often the anterior communicat
ing artery (Fig. 12-4A). The posteriorly angu
lated beam insonates the p] and Pz segments 
of the PCA, the top of the basilar artery (BA), 
and the posterior communicating arteries 
(Fig. 12-4B) . 

Transorbital Approach 

Components of the anterior cerebral circu
lation may be evaluated by placing the 
transducer against the closed eyelid. 13 To 
avoid damage to the lenses of the eyes, the 
power of the ultrasound transmission has to 
be reduced. The ophthalmic artery can 
usually be insonated at depths of 45 to 50 
mm, whereas the C3 segment (anterior knee 
of the CS) is normally met at insonation 
depths of 60 to 65 mm (Fig. 12-5A). At 
slightly greater insonation depths of 70 to 
75 mm, the Cz segment shows flow away 
from the probe (downward deflection), and 
the C4 segment shows flow toward the 
probe (upward deflection). These flow direc
tions apply only when the beam is nearly 
sagittal (slight medial obliquity) and enters 
the skull through the supraorbital or infra
orbital fissures. Typical insonation depths 
and velocities are shown in Figure 12-5B. 
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A B 
FIGURE 1 2-4. Position of the probe in the temporal region to insonate the anterior and posterior parts of the circle 
of Willis. A, Line X-X indicates a frontal plane that runs through the regular placement of the probe on either 
side and, simultaneously, perpendicular to the sagittal midline of the skull. Z' indicates the site of the intracranial 
ICA (internal carotid artery) bifurcation. The X-Z' distance is 63 ± 5 mm. The angle � is the angle with which the 
probe is aimed more anteriorly toward the MCA (middle cerebral artery) and ACA (anterior cerebral artery) seg
ments. This angle was found to be 6 ± 1 . 1  degrees. B, The angle (j) indicates the angle with which the beam is 
directed more posteriorly to insonate the top (7) of the BA (basilar artery) and the PI segments (JY) on both sides. 
This angle was found to be 4.6 ± 1.2 degrees. The BA bifurcation could be insonated at depths of 78 ± 5 mm, cor
responding to the distance X-T or X-T, respectively. Y indicates the fictional point at which the pathway of the 
beam then transits the contralateral skull-that is, approximately 2 to 3 cm behind the external acoustic meatus. 
The P2 segments (P) can also be insonated if the beam is directed even more posteriorly and slightly caudally (line 
X-P). W lies approximately 5 cm behind the contralateral external acoustic meatus. 

The transorbital approach is much less 
established and validated than the trans
temporal or suboccipital approach. 

Suboccipital Approach 

The suboccipital (or transforaminal) ap
proach is essential for screening the verte-

A B 

bral artery (VA) and the BA throughout their 
entire lengths. The probe is placed exactly 
between the posterior margin of the fora
men magnum and the palpable spinous 
process of the first cervical vertebra, with 
the beam aimed at the bridge of the nose 
(Fig. 12-6A).2 The insonation depth is set at 
65 mm, and the right and left VAs are 
tracked individually from this (deepest) 

FIGURE 1 2-5. Insonation of the 
ophthalmic artery and carotid 
Siphon by the transorbital 
approach. A, Probe (P) loca
tion and relationship to the 
ophthalmic artery and carotid 
siphon. B, Representative in
sonation depths and normal 
flow values within various seg
ments of the carotid Siphon 
(CI-C4) and ophthalmic artery 
(OA). 
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A 

4 1  ± 9.3 cm/s 
40 _ 9.9 cm/s 

p 

B 
FIGURE 1 2-6. A, Transcranial Doppler examination of the vertebral system by the suboccipital approach. B, Rep
resentative insonation and normal flow values within the distal vertebral arteries (V) and the basilar trunk (B). The 
PI and P2 velocities are measured transtemporally. P, probe. 

point toward the foramen magnum, using 
progressively smaller insonation depths 
(from 50 down to 35 mm). As the depth 
decreases, the sound beam is angled more 
and more sharply toward the side of the 
head. The extradural part of the VA, on the 
posterior arch of the atlas, can also be 
screened. Flow is toward the transducer in 
this segment. The BA can be tracked cepha
lad from the point at which the VAs unite. 
The superior end of the BA is reached at a 
depth of approximately 95 to 125 mm. Flow 
in the VAs is normally directed away from 
the probe. Typical insonation depths and 
flow velocities are shown in Figure 12-6B. 

Submandibular Approach 

The submandibular approach completes the 
examination in that the retromandibular 
and more distal extradural parts (C5-C6 seg
ments) of the internal carotid artery (lCA) 
can be evaluated. This particular examina
tion is a useful complement to extracranial 
studies, because it facilitates the detection of 
lCA dissection and chronic lCA occlusion 
with abundant collateralization through the 
external carotid artery. With the transducer 
pOSitioned as shown in Figure 12-7A, the 
beam is directed slightly medially and pos
teriorly. The lCA can regularly be tracked to 
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A 

32 ± 8.7 cm/s 
50 mm 

B 
a depth of 80 to 85 mm, at which point it 
bends medioanteriorly to form the CS. 
Typical insonation depths and flow veloci
ties are shown in Figure 12-7B. 

Diagnostic Approach 

Basic TeD Examination 

In general, it is most convenient to start 
with transtemporal insonation, to identify 
the MCA on either side at an insonation 
depth of 50 to 55 mm, and then to track the 
ipsilateral arterial network, step by step, in 
various directions. Proof of traceability of 
the MCA is necessary for its unequivocal 
identification. This is also true for other 
arteries at the base of the brain. Traceability 

leA 

30 _ 9.0 cm/s 
60 mm 

34 ± 8.7 cm/s 
40 mm 

1 

FIGURE 1 2-7. A, Transcranial Dop
pler examination of the petrous 
portion of the internal carotid 
artery (ICA) by the submandibular 
approach. The ICA can be traced 
from depths of 25 to 80 mm, corre
sponding to the C5 segment of the 
ICA. B, Representative insonation 
depths and normal flow values 
within the distal intracranial ICA. 

refers to the fact that the MCA (and usually 
other arteries) can be tracked in incremen
tal steps from a more shallow insonation 
depth (35 mm) to deeper sites (55 mm) 
without changes in the character of the flow 
profile and flow direction. When tracking 
the MCA medially (65-70 mm), an abrupt 
change in flow direction (away from, rather 
than toward the probe) indicates insonation 
of the Al segment of the ACA. Flow signals 
toward the probe at this depth usually 
emanate from the CS at its junction with 
the MCA. Typical depths and flow velocities 
are shown in Figure 1 2-8. 

By angling the beam more posteriorly 
from a transtemporal approach, the PI 
segment of the PCA can be picked up most 
readily at an insonation depth of 65 to 
70 mm. The PCA can then be tracked to the 

55 ± 1 2.8 cm/s 

A B 

65 mm 

FIGURE 1 2-8. Typical trans temporal 
distances and velocities for the 
anterior cerebral artery and the 
middle cerebral artery. A, The beam 
axis is in line with the Cl, M" and 
Al segments of the cerebral vessels. 
B, Representative insonation depths 
and flow velocities are illustrated. 
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BA (75 mm) and from there to the con
tralateral PCA (80-85 mm) (see Fig. 12-4B) . 
The two criteria of traceability (Le., the 
display of bilateral blood flow at the junc
tion with the BA and the change of flow 
direction within the contralateral PCA) are 
very important features for identifying the 
peAs without compression tests. 

After the completion of the examination 
from both temporal windows, additional 
information may be obtained through the 
orbital, suboccipital, or mandibular path
ways. The vessels that are accessible from 
these sites, as well as the techniques for 
identifying these vessels, were described 
previously. A protocol for TeD examination 
is presented in Table 12-1 . 

Tees Examination 

Transcranial color-coded duplex sonogra
phy is now a well-established diagnostic 
method, allowing noninvasive imaging of 
intracranial vascular structures. 3, 19 This 

A B 

visual approach provides for more rapid 
and reliable vessel identification, permitting 
exact localization of the Doppler sample 
volume, and shortening the examination 
time. J9,2o This technique has evolved rapidly 
over the past several years and includes not 
only vascular imaging but also imaging 
of the brain parenchyma. Usually, the 
trans temporal and suboccipital approaches 
are used for TeeS examinations. No sys
tematic data exist for the submandibular 
and transorbital approach. For transtempo
ral insonation, the probe is positioned 
axially along the orbitomeatal line and the 
hypoechoic, butterfly-shaped midbrain is 
visualized as an anatomic landmark at a 
depth of 6 to 8 cm. From this perspective, 
the circle of Willis can then easily be 
depicted (Fig. 1 2-9). For the suboccipital 
approach, the hypoechoic foramen mag
num and the hyperechoic clivus serve as 
the anatomic landmarks, with both VAs 
located at their lateral edges (Fig. 12-10) .  
The origin of the BA can also visually be 
identified in most cases at a depths of 75 to 

FIGURE 1 2-9. Illustration of a typical transtemporal TCCS examination. A, For initial spatial orientation, the exam
ination is started with a large-scale, B-mode cranial view, which is usually achieved at a depth of 14 to 1 7  cm. 
Visualization of the hyperechoic contralateral skull (arrowheads) proves the presence of adequate transcranial ultra
sound penetration. If the hypoechoic, butterfly-shaped midbrain (arrows) and the hyperechoic sphenOid bone 
(asterisks) can be visualized, then the correct insonation plane has been achieved. B, For the color-mode exami
nation, the insonation depth is reduced to 8 to 10 cm; the pre- (pI) and post-communicating (p2) segments of 
the posterior cerebral artery (PCA) can be visualized as they follow the edge of the midbrain. More anteriorly, the 
sphenOidal (Ml)  and the insular (M2) parts of the middle cerebral artery (MCA), and the pre-communicating (AI) 
part of the anterior cerebral artery (ACA) can be depicted. In rare cases, and with excellent bone insonation con
ditions (as illustrated), the entire circle of Willis can be displayed. The distal part of the internal carotid artery 
(lCA) is also assessable with the probe tilted downwards. 
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Table 1 2-1 . Transcran i al Doppler Protocol :  Identification Criteria and Normal Flow Velocities 

Insonation Depth Normal 
Flow Velocity 

Position of Range Reference (Mean ± SO) Main Features for Identification of VI ;t: 
Probe Arterial Segment (1ft",) Depth (",,,,) (em/sec) Vessel Segment :::l 0 <: 
Transtemporal MCA 30-60 50 55 ± 1 2  M I :  lnsonation depth 5 0  mm; traceability :::: 

forward and backward; flow toward probe; � slightly anterior angulation of beam � 
MI 45-60 50 55 ± 1 2  a-
ACA �75 70 50 ± 1 1  lnsonation depth; flow away from probe; a -

traceability slightly anterior angulation of � 
beam; for clear-cut differentiation from t:: 
carotid Siphon "' ;:;;-

CI (C2) (carotid Siphon 60-70 65 39 ± 9 lnsonation depth; relatively low flow velocity 
transtemporal approach) compared to MI segment; slightly anterior 

and caudal angulation of beam; flow 
toward probe 

PI (posterior cerebral artery) 60 (55)-75 70 39 ± 10 In so nation depth; flow toward probe 
(ipsilateral PI); traceability to top of basilar 
and contralateral PI; slightly posterior and 
caudal angulation of beam; relatively low 
flow velocity compared with MI segment 

PI and PI' (top of basilar) 70-80 75 40 ± 10 lnsonation depth; bidirectional flow; 
traceability backward and forward; 
angulation of beam 

P2 (PCA) 60-65 65 40 ± 10 Flow away from probe; placement of probe; 
posterior angulation of probe; modulation 
by opening and closing eyes 
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Suboccipital Extradural distal vertebral artery 40-55 50 34 ± 8 Suboccipital placement of probe; insonation 
depth; strongly lateral angulation of beam; 
flow toward probe 

Intradural distal vertebral artery 60-95 (100) 70 38 ± 10 Insonation depth 
Beam aimed at bridge of nose or slightly 

laterally; traceability forward and n backward; ::t 
Basilar trunk 70 (65)- 95 (100, if 41 ± 10 Insonation depth; flow away from probe; > 

"V 
-t 

1 1 5 ( 1 20) possible) often slight increase of flow velocity ... 
'" 

compared to vertebral artery; traceability of .... 

vertebrobasilar axis N 

Ophthalmic Cz (carotid Siphon, transorbital 65-80 70 4 1  ± 1 1  Sagittal or slightly oblique angulation of C 
;:::;' 

approach) beam; flow away from beam; flow away ., I» 
from probe; in so nation depth III 0 

C.I (carotid Siphon, transorbital 65 (60) 65 Bidirectional signal; sagittal angulation of c 
::::I 

approach) (bidirectional, beam; insonation depth Q. 
not measured) ):> 

III 
C� and distal part of Cs (carotid 65-80 (85) 70 47 ± 14 Sagittal or slightly oblique and caudal III tD 

Siphon, transorbital approach) angulation of beam; flow toward probe; III 
III 

insonation depth 3 
Ophthalmic artery 35-55 45 21 ± 5 Insonation depth; flow toward probe 

tD 
::::I 

Contralateral Al (ACA; 75-80 Not defined Measurements Strongly oblique angulation of beam through 
... 

0 
transorbital approach, in a few cases optic canal; flow toward probe; ..... 

... 
ancillary approach if lack only compression test necessary for ':3" 
of temporal window) differentiation from carotid siphon and 

tD 

:;-MCA ... 
Submandibular C" and retromandibular 35-80 (85) 60 30 ± 9 Flow away from probe; medial angulation of 

., I» n 
segment of ICA extradural beam; insonation depth ., I» 
ICA; submandibular) ::::I 

� 
ACA, anterior cerebral artery; ICA, internal cerebral artery; MCA, middle cerebral artery; PCA, posterior cerebral artery. ):> ;:::!. tD 

:::!. tD 
III 
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A B 
FIGURE 1 2-10. Illustration of a typical suboccipital (or transforaminal) TeeS examination. A, For initial spatial 
orientation, the examination is started with a large-scale, B-mode cranial view, which is usually achieved at a depth 
of 1 1  to 13 em. Visualization of the hypoechoic foramen magnum (asterisks) and the hyperechoic clivus (al7'ow) 
proves the adequacy of transcranial ultrasound penetration. B, For the color-mode examination, the insonation 
depth is usually reduced to 8 to 1 1  em, visualizing segments (V4) of both vertebral arteries (VAs) as they follow 
the edges of the foramen magnum. The Y-shaped conjunction of the VAs with the basilar artery (BA) is usually 
located close to the clivus. Note, however, that the origin of the BA is highly variable and all three arteries are not 
always visible within the same insonation plane. 

95 mm. Generally, the reference depths of 
the target vessels are identical to the values 
given previously for TCD examination. 
TCCS also allows for the examination of 
cerebral venous sinus and large basal 
veins,21 although this has not become part 
of the clinical routine. 

Vessel Identification 

The primary TCD parameters for identifying 
the cerebral arteries are the following: 
1 .  Insonation depth 
2. Direction of blood flow at insonation 

depth 
3. Flow velocity (mean flow velocity 

and systolic or diastolic peak flow 
velocity) 

4. Probe position (e.g., temporal, orbital, 
suboccipital, submandibular) 

5 .  Direction of the ultrasonic beam (e.g., 
posterior, anterior, caudad, cephalad) 

6. Traceability of vessels 
Compression of the extracranial carotid 
arteries, as a means for intracranial vessel 
identification, has gradually been excluded 
from the clinical routine due to the low, but 

present, risk of cerebral embolism.22•23 This 
is especially the case since the advent of 
TCCS used in conjunction with ultrasound 
contrast agents, as the identification of the 
major cerebral arteries and their collateral 
pathways is possible, for the most 
part, without compression maneuvers. In 
patients with extracranial atheromatous 
disease, carotid compression definitely 
should be avoided. 

Flow Velocity Measurements 

The mean flow velocities of various vessel 
segments, and their age dependency, are 
shown in Tables 12-2 and 12_3.24 Normal 
flow velocity values in adults show 
little variation among different investiga
torS.1 4,2S-Z7 The highest velocities are almost 
always found in the MCA or the ACA. The 
PCAs and BAs have lower Doppler shifts 
than the MCA in normal subjects. The same 
pattern has not been noted, however, in 
cerebral blood flow studies, in which flow is 
measured in cubic centimeters per second. 
Two explanations have been offered for this 
discrepancy between velocity and volume 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


CHAPTER 1 2  Ultrasound Assessment of the Intracranial Arteries 

Table 1 2-2. Normal Values of Mean 
Blood Velocity for Arteries* 
(Transtemporal Approach) 

Age (yr) 

1 0-29 

:m-49 

SO-59 

60-70 

Insonated 
depth (mm) 

Mean Blood Velocity 
(em/sec) 

MCA ACA PCA 
(M,) (A ,) (P,) 

70 ± 1 6 .4 61 ± 1 4. 7  55 ± 9.0 

5 7 ± 1 1 .2 48 ± 7 . 1 42 ± 8.9 

5 1  ± 9.7 46 ± 9 . 4  9 ± 9.9 

41 ± 7.0 38 ± 5.6 3 6  ± 7.9 

SO-55 60-65 60-65 

*Measurements for the middle (MCA), anterior 
(ACA), and posterior (PCA) cerebral arteries 
according to age. 

flow: (1) The measurement sites may be dif
ferent28 or (2) more probably, different 
velocities occur as a compensatory mecha
nism to keep volume flow constant in 
vessels of different size. Z5 Thus, velocities are 
slower in large vessels and faster in small 
vessels. Normal, angle-corrected blood flow 
velocity values using TCCS have likewise 
been established and are only slightly 
higher than those obtained with TCD.zo,z9 
The TCD documentation of decreasing flow 
velocities with increasing ageZO•27 correlates 
well with age-related changes in cerebral 
blood flowz8 and underlines the validity and 
sensitivity of TCD and TCCS data as a semi
quantitative estimate of cerebral blood flow. 

Functional Reserve Testing 

Transcranial Doppler is an ideal functional 
test for detecting rapid changes in cerebral 
perfUSion, because the technique provides 
excellent resolution of flow velocity 
changes occurring over time. Functional 
tests are predominantly aimed at the evalu
ation of the reserve mechanism of the cere
bral vasculature, using various stimuli such 
as hypocapnia or hypercapnia, increased or 
reduced systemic arterial pressure, and 
hypoxia.25 The COz (carbon dioxide) dila
tory effect is mainly restricted to the periph
eral arterial vascular bed, particularly the 
small cortical vessels.z8 With changing CO2 

Table 1 2-3. Normal Values of Mean 
Blood Velocity for Artcries* 
(Suboccipital Approach) 

Mean Blood Velocity (em/sec) 

Age (yr) PCA (P,) BA VA 
10-29 54 ± 8.0 46 ± 1 1  45 ± 9.8 

30--49 40 ± 8.5 38 ± 8.6 34 ± 8.2 

50-59 39 ± 1O.1 32 ± 7.0 37 ± 10.0 

60--70 35 ± 1 1 .1  32 ± 6 .7  35 ± 7.0 

Insonated 60--65 85--90 60-65 

depth 
(mm) 

*Measurements for the posterior cerebral (PCA), 
basilar (BA), and vertebral (VA) arteries according 
to age. 

concentrations, the relationship between 
flow velocity and volume flow within a 
large cerebral artery is linear,30 provided that 
the COz level does not directly affect the 
diameter of the large proximal arterial 
segment.31 Velocities measured from the 
MCA with changing COz concentrations 
show a biasymptotic, S-shaped curve (Fig. 
12-1 1) .  
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FIGURE 1 2--1 1 .  Vasomotor reactivity in 40 normal 
individuals (ages 20-75 yr). Blood flow velocity 
changes are shown during carbon dioxide (C02)
induced hypercapnia (upper curve) and hypocapnia 
(lower curve). The average change was 87.8% (52.5% 
and 35.3% hypercapnia and hypocapnia, respectively). 
(From Ringelstein EE, Sievers C, Ecker S, et al: Nonin
vasive assessment of COz-induced cerebral vasomotor 
response in normal individuals and patients with inter
nal carotid artery occlusions. Stroke 19:964, 1988. 
Copyright © American Heart Association.) 
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A "preserved" vasomotor reserve implies 
that a drop in perfusion pressure can be 
counterbalanced by vasodilatation of corti
cal arterioles to maintain sufficient cortical 
blood supply. The vasomotor reserve may 
become exhausted if the resistance vessels 
in brain areas with low perfusion pressure 
are already maximally dilated.30-33 In this 
state, the resistance vessels are refractory to 
any further vasodilatory stimuli, and hyper
capnia cannot increase blood flow. This 
condition may be critical, because ischemic 
brain injury can occur if the perfusion pres
sure is further reduced for any reason. Mea
surements of the vasomotor reserve capacity 
are useful in evaluating the hemodynamic 
impact of extra cranial occlusive carotid 
disease. 

The pulsatility index, as defined by 
Gosling (see Chapter 3), reflects the resis
tance in the peripheral vascular bed and has 
been suggested as a sensitive index of dias
tolic runoff-that is, with increased periph
eral vasodilatation, diastolic runoff is 
expected to increase and the pulsatility 
index to decrease.34 However, in a large 
series of patients with carotid artery occlu
sion, the pulsatility index appeared to be 
much poorer for predicting the intracranial 
hemodynamic situation than the vasomo
tor reserve capacity.35 

DIAGNOSTIC PARAMETERS 
FOR SPECIFIC 
CLINICAL APPLICATIONS 

Intracranial Stenosis 
and Occlusion 

The detection of carotid siphon (CS) steno
sis using TCD was first reported in 1986 by 
Spencer and Whisler, 13 who used similar cri
teria to those used for carotid bifurcation 
disease. Since then, a number of authors 
have reported similar findings for the CS 
and have extended TCD applications to 
other brain arteries.36-39 The most obvious 
clinical advantage of ultrasound is the rapid 
screening of the acute stroke patient for 
intracranial vessel obstruction. Normal TCD 
findings in stroke patients have consider
able clinical impact. 

Definition of Stenosis With T CD 

The following are typical TCD features of cir
cumscribed stenosis of a large basal cerebral 
artery (Fig. 12-12): (1) increased flow veloc
ity; (2) disturbed flow (spectral broadening 
and enhanced systolic and low-frequency 
echo components); and (3) covibration phe
nomena (vibration of vessel wall and sur
rounding soft tissue).25,35 It is unclear 
whether the peak systolic velocity (>120-
160 cm/sec) or the mean systolic velocity 
(>80-120 cm/ sec) should be used as a thresh
old value.39 With a mean velocity value of 
100 cm/sec, a sensitivity of 100% and a 
specificity of 97.9%, as well as positive and 
negative predictive values of 88.8% and 
94.9%, were reported in detecting intracra
nial stenoses with a diameter of 50% or 
more.38 For the vertebrobasilar system, a 
threshold of more than 2 kHz peak systolic 
Doppler shift showed a sensitivity of 80% 
and a specificity of 97% in detecting stenoses 
of 50% or more.37 Most authors agree that, 
in comparison with the contralateral vessel 
segment, a relative increase in peak systolic 
velocity of more than 30% is suspicious for 
hemodynamically significant stenosis, and a 
relative increase of more than 50% indicates 
a definite intracranial artery stenosis. 

Definition of Occlusion With T CD 

Basal cerebral artery occlusion can be 
detected by three observations: (1) the 
absence of arterial signals at an expected 
depth; (2) the presence of signals in vessels 
that communicate with the occluded artery; 
and (3) altered flow in communicating 
vessels, indicating collateralization. For 
example, occlusion of the MCA is diagnosed 
from the lack of an MCA signal in the pres
ence of flow signals from other vessels (Le., 
the PCA, the ACA, or the distal CS). This 
combination of findings also confirms that 
the temporal window is satisfactory. In a 
recent study, TCD showed a sensitivity of 
83% and a specificity of 94.4%, with an 
overall accuracy of 91 .6%, in the detection 
of intracranial vessel occlusion.40 In accor
dance with the well-established, angiog
raphy-based Thrombolysis in Myocardial 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


CHAPTER 1 2  Ultrasound Assessment of the Intracranial Arteries 
L-______________________________________________________________________ � 

1 

2 

3 

FIGURE 1 2-1 2. Middle cerebral artery stenosis and associated transcranial Doppler (TeO) changes: (1) normal prox
imal flow; (2) increased systolic and diastolic peak velocity and spectral broadening (turbulent flow) at the center 
of the stenosis; (3) distal turbulent flow. 

Infarction (TIMI) criteria in cardiology, 
Demchuk and colleagues41 have proposed 
the so-called TIEl (Thombolysis in Brain 
Ischemia) criteria for the TeD-based classi
fication of the MeA status during and after 
thrombolysis. The TIBI scale, ranging from 
o (MeA occlusion) to 5 (normal MeA), is 
given in Table 12-4. In 109 acute stroke 
patients undergoing thrombolytic therapy, 
the TIEl criteria were found to be accurate 
in the prediction of the clinical outcome. 

Pitfalls and Diagnostic Accuracy 

Noninvasive demonstration of intracranial 
arterial stenosis and occlusion is a valuable 

clinical tool, but various errors can occur: 
(1)  lack of flow Signal due to an inadequate 
temporal window; (2) misinterpretation of 
hyperdynamic collateral channels34 or AVM 
feeders2s,42 as stenosis; (3) displacement of 
arteries because of a space-occupying lesion; 
(4) misinterpretation of physiologic vari
ables in the circle of Willis2s; (5) misdiagno
sis of vasospasm as stenosis43; and (6) 
misinterpretation of reactive hyperemia fol
lowing spontaneous recanalization as steno
sis.44 In most of these situations, however, 
the velocity increases are generally seen 
throughout the course of the involved arter
ies, which distinguishes these conditions 
from the typically localized areas of 
increased velocity resulting from stenosis. 

�3;1 
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Table 1 2-4. TIBI Criteria for TCD Monitoring of the MCA Recanalization During and After 
Thrombolytic Therapy41 

TIBI Score 

o 

2 

3 

4 

5 

Status of the MCA Flow 

Occlusion 

Near occlusion or minimal 
residual flow 

Strongly reduced 

Moderately reduced 

Stenotic signal 

Normal signal 

TCD Criteria 

• No flow signal 

• Early systolic low-flow signal 
• No diastolic flow signal 

• Reduced systolic and diastolic velocity 
• Flattened early systolic increment 
• Pulsatility index <1 .2 
• Normal systolic increment 
• Pulsatility index >1 .2 
• Relative reduction of blood flow velocity of >309·6 as 

compared with the contralateral side 

• Mean blood flow velocity >SO em/sec or relative 
increase of velocity >30% as compared with the 
contralateral side 

• Detection of turbulent flow 

• Side-to-side difference of blood flow velocity <30% 
• Comparable values of pulsatility index 

MCA, middle cerebral artery; TCD, transcranial Doppler; TIBI, Thombolysis i n  Brain Ischemia. 

DiagnostiC accuracy of TCD in the VA-BA 
system remains a particular problem. Diffi
culties with VA-BA diagnosis result from 
the following: (1) The normal flow and the 
size of the vessels are highly variable; (2) 
the location and course of the arteries are 
unpredictable; (3) often the junction of the 
VAs cannot reliably be identified; (4) absence 
of the VA flow signal on one side may not 
represent disease (e.g., so-called PICA *
ending anomaly in severe VA hypoplasia); 
and (5) occlusion of one VA or a "top of the 
basilar" occlusion does not necessarily lead 
to relevant flow abnormalities.4s 

Detection of Intracranial Stenosis 
and Occlusion With Tees 

For TCCS, usually the angle-corrected peak 
systolic velocity is used as the main param
eter for the definition of intracranial steno
sis. In 1999, Baumgartner and coworkers46 
published the results of the largest TCCS val
idation study yet on the detection of 
intracranial stenosis. Table 12-5 gives the 
cutoff values of PSV for the different 
intracranial vessels. These values show 
excellent accuracy for the identification of 
stenoses of 50% or greater diameter. Cutoff 

Table 1 2-5. Threshold Values of Angle-Corrected Peak Systolic Velocity (PSV) for the 
Detection of I ntracranial Stenoses of �50% With TCCS�6 

Positive Negative 
PSV Cutoff Predictive Predictive 

Vessel (COl/sec) Sensitivity Specificity Value Value 

MeA 2220 1 00 1 00 1 00 1 00 
ACA 2 1 55 1 00 I O( )  1 00 I ( )O 

I'c/\ 2 1 45 1 00 I O( )  1 00 9 1  
BA 2 1 40 1 00 1 00 1 00 1 00 
VA 2 1 20 1 00 1 00 1 00 1 00 

ACA, anterior cerebral artery; BA, basilar artery; MCA, middle cerebral artery; PCA, posterior cerebral 
artery; VA, vertebral artery. 

'posterior inferior cerebellar artery 
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values ranged from 220 cm/sec for the MeA 
to 120 cm/sec for the VA. The TeeS accuracy 
in the detection of stenoses between 30% 
and 50% (diameter) showed a high negative 
predictive value ( 100%) but only a moderate 
positive predictive value, ranging from 73% 
to 100%. The latter results can be explained 
by the weak hemodynamic effects of low
grade stenosis. Others have used much 
lower cutoff values of 120 cm/sec or more 
PSV, or a side-to-side difference of more than 
30 cm/sec, for the definition of TeeS-based 
intracranial stenosis.47 

Transcranial color-coded duplex sonogra
phy diagnosis of an intracranial artery 
occlusion is based on the absence of flow 
signals using both the color and the spec
tral Doppler modes (Fig. 12-13) .  In some 
cases, the occluded vascular segment 
appears slightly hyperechoic on B-mode 
imaging. In contrast to the TeD technique, 
the use of the correct insonation site and 
the presence of an adequate insonation 
window can be easily confirmed with TeeS. 
Diagnostic confidence of TeeS for intra
cranial vessel occlusion is up to 100%48,49 
and can be further supported by the use of 
ultrasound contrast agents.50,51 In a multi
center trial, the feasibility and validity of 

A B 

Tees, in conjunction with ultrasound con
trast agents, for the detection of intracranial 
steno-occlusive disease has been convinc
ingly shown.47 

Assessment of the Effects of 
Extracranial Occlusive Disease 

In addition to directly assessing the basilar 
cerebral arteries, an additional important 
clinical application of TeD is evaluation of 
the hemodynamic effects of extracranial vas
cular disease on the intracranial circulation. 

Carotid Stenosis or Occlusion 

Significant changes occur in the intracranial 
circulation because of the reduced perfusion 
pressure caused by extracranial flow
limiting disease. With leA obstruction of 
80% or more, the ipsilateral MeA velocity 
and the pulsatility index generally decrease 
as a result of vasodilatation in the distal 
arterial circulation ipsilateral to the obstruc
tion.30,35 Increased velocities and turbulence 
are encountered and usually indicate collat
eralization. The identification of collateral 
flow in patients with extra cranial carotid 

FIGURE 1 2-1 3. Middle cerebral artery (MeA) occlusion and recanalization detected with transcranial color-coded 
duplex sonograph (TCCS). A, Typical finding of a proximal MCA occlUSion, with echocontrast-enhanced TCCS 
(LevovistR) in an acute stroke patient. Note the excellent visualization of both posterior cerebral arteries (PCAs) 
around the midbrain and both anterior cerebral arteries (ACAs) as well. No flow is present within the presumed 
course of the MCA using both the color mode (arrows) and the Doppler spectral mode (not shown). Compare this 
image with Figure 7B). B, Several days later, spontaneous MCA recanalization has occurred, with the entire MCA 
(arrows) depicted with contrast-enhanced TCCS. 
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disease is possible with TCD12,14,52 and 
TCCS.53 Four main collateral pathways can 
be distinguished: (1) via the anterior com
municating artery (ACoA), (2) via the pos
terior communicating artery (PCoA), (3) via 
the ophthalmic artery, and (4) via ipsilateral 
leptomeningeal arteries. Because the small 
communicating arteries are not always 
visible with TCCS,53 indirect hemodynamic 
signs of the involved arteries are of con
siderable importance for identifying and 
localizing collateralization. Sonographic 
criteria for intracranial collateralization are 
given in Table 12-6. In general, the more 
sonographic criteria that are present, the 
more confident is the TCCS diagnosis of 
collateralization. 

Evaluation of hemodynamic disturbances 
within the carotid artery-MCA pathway is 
of particular interest in patients with subto
tal ICA obstruction, both unilateral and 
bilateral. Although the predominant mech
anism of stroke is thromboembolism, rather 
than a low-flow effect, a small .subgroup of 
patients experience transient ischemic 
attacks, permanent stroke, or progressive 
ischemic eye disease caused by critically 
reduced blood flow.54,55 This subgroup of 
patients may benefit from recanalization 
surgery, including external carotid-internal 
carotid bypass. The identification of these 

individuals is based on the detection of an 
exhausted cerebral vascular reserve, which 
can be done through TCD assessment of the 
CO2 responsiveness of the cerebral arteries.30 

Vertebrobasi/ar System 

The subclavian steal mechanism is the 
classic paradigm for studying hemodynamic 
disturbances in the human vertebrobasilar 
system. Rapid flow changes caused by any 
type of VA blood flow restriction can be 
measured directly within the BA. Under 
resting conditions, blood flow within the 
BA is almost never critically impaired, even 
if the subclavian steal is continuous. If 
the contralateral feeding VA is also diseased 
(or hypoplastic), however, BA blood flow 
may become reduced, may demonstrate a 
to-and-fro pattern, or may even be reversed. 
During hyperemia testing of the stealing 
arm, flow velocity and direction of flow 
within the basilar trunk may become 
more or less affected (Fig. 12-14). BA 
blood flow is very resistant to any critical 
changes resulting from the subclavian steal 
mechanism. Actually, the subclavian steal, 
as such, is a benign condition, and even 
in symptomatic patients, most verte
brobasilat symptoms are caused by cerebral 

Table 1 2�. Sonographic Criteria for TCD and TCCS for the Detection of Intracranial 
Collateralization in Case of Severe Extracranial Artery Diseases3 

Collateral 
Pathway 

ACoA 

PCoA 

Ophthalmic artery 

Leptomeningeals 

TCD/TCes Criteria 

• Retrograde and increased flow in ACA'p'lIa,eral 
• Orthograde and increased flow in ACAcontraJ.,eraJ 
• Strong turbulences in the region of the AcoA (mostly with TCCS) 

• Direct visualization of the PCoA (TCCS) 
• Increased velocity in PI segment of the PCA'p'ila •• ral 
• Velocity ratio of P1 /P2 segment of the PCA'p'lIa'era' >1 .5 

• Velocity ratio of P1 Ip'ila, ... '/l'Icontr,la'.,,' >1 .5 

• Increased velocity within the BA (and sometimes VAs) 

• Retrograde flow in ipsilateral ophthalmic artery 
• Additional findings in extracranial ultrasonography (e.g., reduced pulsatillty 

index within ipsilateral external carotid artery) 

• Increased velocity in the entire ipsilateral pCA (1'1'1"11 •• .,., = p2Ip"I" "" ) 
• Increased velocity In ACAcnn".I,'.,,' without retrograde flow within ACA'P,lIa'oral 

ACA, anterior cerebral artery; ACoA, anterior communicating artery; BA, basilar artery; PCA, posterior 
cerebral artery; PCoA, posterior communicating artery; TCCS, transcranial color-coded duplex 
sonography; TCD, transcranial Doppler; VA, vertebral artery. 
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CHAPTER 1 2  Ultrasound Assessment of the Intracranial Arteries 

Subclavian Steal Mechanism 
FIGURE 1 2-14. Schematic representa
tion of flow conditions in various 
vertebrobasilar vessel segments in 
patients with the subclavian steal 
mechanism. With latent steal, flow in 
the feeding (contralateral) vertebral 
artery (F) is increased during brachial 
hyperemia and is normal in the basilar 
artery trunk (B). By contrast, the blood 
column shows an alternating flow 
direction in the stealing vertebral 
artery (S). During manifest steal, blood 
flow in the stealing vertebral artery 
(VA; S) is continuously reversed. This 
either has no effect on basilar artery 
blood flow or causes alternating or 
reverse flow within the basilar artery 
trunk (B). During transcranial Doppler 
examination, each of the three vessel 
segments can be clearly differentiated 
by means of their characteristic flow 
changes during brachial hyperemia. 

Latent Steal Manifest Steal 

Top of basilar artery ------"I 

B B 

Junction of vertebral artery 
S F 

F = Contralateral feeding VA 
B = Basilar trunk 

microangiopathy rather than large artery 
flow disturbances.12 Subclavian artery 
disease, however, is a strong indicator of 
coexisting coronary artery disease. 

Monitoring of 
Cerebral Vasospasm 

Monitoring of vasospasm using TCD is a 
well-recognized tool in the clinical manage
ment of patients suffering from subarach
noid hemorrhage. 14,43 There is a close 
correlation between increased flow veloci
ties within the spastic basal arteries (MCA, 
PCA, ACA) and the severity of the sub
arachnoid hemorrhage.56,57 This correlation 

is valid with respect to the size and extent of 
the subarachnoid clot, the clinical state of 
the patient, and the angiographically docu
mented severity of spasm (if the Doppler 
shift is greater than 3 kHz or 120 cm/sec). 
The side with the more severe flow changes 
on TCD examination corresponds to the 
predominant location of the blood clot and 
the presumed site of the aneurysm. A steep 
increase in flow velocity (>20 cm/sec/day) 
within the first few days after the bleed is 
associated with a poor prognosis. Usually, 
an MCA velocity exceeding 200 cm/sec in 
patients with vasospasm is associated with 
a critical reduction in cerebral blood flow 
(Table 12-7) . The time course of the 
development of vasospasm is also of clinical 

Table 1 2-7. Clinical Relevance of Increased Middle Cerebral Artery Flow Velocities After 
Subarachnoid Hemorrhage 

Middle Cerebral 
Artery 
Flow Velocity 

Normal or 
nonspecifically 
increased 

Subcritically accelerated 
Critically accelerated 
Highly critical flow 

acceleration 

Time-Averaged 
Peak Velocity 
(mean; cm/sec) 

�80 
>80-120 

>120-140 
>140 

Clinical Consequences 

Should be observed further 

Moderate vasospasm; preventive therapy indicated 
Severe vasospasm; consequent treatment necessary 
Severe vasospasm; delayed ischemic deficit highly 

probable 

Modified from Harders A: Neurosurgical Applications of Transcranial Doppler Sonography. New York, 
Springer-Verlag, 1986. 
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interest. In general, vasospasm occurs from 
4 to 14  days following subarachnoid hem
orrhage, but a TCD-detectable increase in 
velocity often precedes the onset of symp
toms by hours to days. 

Recent data indicate that TCCS is likewise 
useful for vasospasm detection, using the 
criteria previously defined with TCD. 19,58,59 
In some patients, TCCS may directly visual
ize the aneurysm,59-61 depending on its 
localization and size and the experience of 
the examiner. The minimum-size aneurysm 
that can be detected is reported to be greater 
than 6 to 8 mm.60 Due to the availability of 
other noninvasive angiographic techniques 
(e.g., computed tomography and magnetic 
resonance angiography), however, TCCS 
has not become a routine diagnostic modal
ity in the search for aneurysms. 

Intraoperative Monitoring 

Another evolving, and ostensibly impor
tant, application of TCD is intraoperative 
monitoring. The unique advantages of TCD, 
in comparison with other relative cerebral 
blood flow measurement techniques, are its 
complete noninvasiveness and its potential 
for detecting rapid alterations of blood 
supply on a real-time basis. TCD monitor
ing delivers direct, immediate information 
regarding cerebral perfusion, thus anticipat
ing potential hazards or permitting rapid 
modification of therapy. TCD monitoring 
has been used during carotid endarterec
tomy, open heart surgery with cardiopul
monary bypass, and intensive care ther
apy. 12,62 In most studies, the Ml segment of 
the MCA is insonated at a depth of SO to 
55 mm. TCD monitoring can be performed 
either with repeated examinations at 
extremely short intervals or continuously, 
using a headband to hold the transducer in 
place. 

Most experience with TCD monitoring 
has been accumulated during carotid 
endarterectomy.63-65 It has been shown that 
MCA flow is affected far less during intra
operative clamping of the carotid artery 
than expected, raising the possibility that 
shunts are inserted too often. An MCA 
velocity of more than 10 cm/sec during 

clamping has been associated with adequate 
collateral circulation.65 It has further been 
shown that the amount of microemboliza
tion detected with TCD during the dissec
tion and wound closure is predictive of 
postoperative stroke.65 This on-line acoustic 
feedback from TCD, indicating cerebral 
microembolism, had a direct influence on 
the surgical technique.66 

Transcranial Doppler monitoring during 
open heart surgery has revealed a number 
of disturbances in cerebral blood flow 
that result from extracorporeal bypass (a 
pumping technique that severely alters 
blood flow physiology) .62 Brain damage and 
perioperative stroke may occur during extra
corporeal bypass. TCD measurements have 
thrown considerable doubt on the theory 
that such injury is caused by critical hypo
perfusion. On the contrary, accidental cere
bral hyper perfusion may play a more decisive 
role, as well as air microemboli and loss of 
cerebral autoregulation. In addition, the fre
quency of cerebral microemboli detected 
with TCD during open heart surgery corre
lates with the degree of neuropsychological 
deficit. 67,68 

Intensive Care Unit Monitoring 

Transcranial Doppler is a useful technique 
for monitoring critically ill patients in the 
intensive care unit.69 Eligible patients are 
predominantly those with raised intracra
nial pressure (e.g., after head injury) and 
those with severe cerebrovascular disease.7o 
Monitoring may also be informative, and 
possibly beneficial, for the patient's 
outcome in high- and low-pressure hydro
cephalus, and in low-flow states associated 
with extracranial occlusive disease, myocar
dial failure, or valvular disease, as well as 
impending brain death. TCD monitoring 
may provide further information about the 
pathophysiology of various abnormal con
ditions that affect intensive care patients, 
and ultimately may be helpful for therapy. 
In a recent multicenter study, the use of 
TCD modified the diagnostic and therapeu
tic management in 36% of critically ill 
patients.71 Although Aaslid and Linde
gaard72 have proposed certain parameters of 
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the TCD profile that are likely to reflect the 
cerebral perfusion pressure, and thus also 
the intracranial pressure, these parameters 
have not yet been validated. Only a few 
TCCS studies have been conducted con
cerning critical care applications.73 

Brain Death 

The accurate diagnosis of brain death has 
become more important in view of the 
ethical issues that surround the transplanta
tion field. Determination of brain death was 
for a long time based on three parameters: 
( 1 )  clinical criteria, (2) electroencephalo
graphic criteria, and (3) angiographic dem
onstration of absent intracranial circu
latJon.74 The arrest of intracranial flow 
results in a characteristic reflux phenome
non in the basal cerebral arteries during late 
systole. This to-and-fro movement is easily 
noted in the TCD flow velocity waveform72 
(Fig. 12-15) .  In several large clinical studies, 
TCD findings correlated perfectly with ancil
lary diagnostic tests to confirm brain death, 
with neither false-positive nor false-negative 
findings. 75,76 Therefore, besides angiography, 
scintigraphy, and electroencephalography, 
TCD constitutes an accepted noninvasive 
diagnostic test to confirm brain death.77 

Arteriovenous Malformations 
and Fistulae 

Although an arteriovenous malformation 
(AVM) is a developmental abnormality, the 
arteries and veins involved in supplying 

Middle Cerebral Artery 

60 
Depth 

08 
Mean 

blood to the AVM are essentially normal 
and are the usual arteries supplying the 
region of the brain where the AVM is 
located. These arteries, which exclusively or 
partially feed AVMs, can unequivocally be 
identified with TCD by means of their 
significant flow abnormalities-that is, 
increased flow velocity, reduced pulsatility, 
and reduced responsiveness to COZ•78 In a 
consecutive series, more than 80% of large
to medium-sized AVMs were detected, but 
more than 60% of smaller A VMs were 
missed with TCD.79 TCCS, additionally, 
allows the direct visualization of the 
AVM.19,60 For TCCS, a similar diagnostic sen
sitivity of 80% in the identification of AVMs 
was reported.8o In addition to AVMs, other 
types of intracranial arteriovenous shunts 
can be detected with TCD and TCCS, such 
as carotid Siphon-cavernous sinus fistulae 
or dural fistulae.19 

Cerebral Venous Thrombosis 
and Intracerebral Hemorrhage 

Studies on healthy volunteers indicate that 
cerebral sinus and veins can be visualized 
in 50% to 90% of cases, depending on the 
vessel segment examined.81 Preliminary 
data suggest that cerebral venous thrombo
sis can be diagnosed using TCCS.82 Ultra
sonographic criteria are (1 )  abnormal 
elevation of blood flow velocities within 
intracranial sinus and veins and (2) direct 
visualization of cerebral sinus with 
decreased or absent flow. In a recent study 
in patients suffering from thrombosis of 
cerebral sinus and veins, monitoring of 

Common Carotid Artery 

2 5  
Depth 

1 0  
Mean 

FIGURE 1 2-15 .  Brain death. Transcranial Doppler (TeO) changes are noted in the left middle cerebral and extracra· 
nial common carotid arteries. The characteristic reflux phenomenon seen during late systole is demonstrated. 
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venous hemodynamics was a significant 
predictor of the long-term outcome.83 Direct 
visualization of the intracranial sinus, 
however, requires significant expertise and, 
generally, the use of ultrasound contrast 
agents. 

TeeS studies have shown that a sharply 
demarcated, hyperechogenic area within 
the brain tissue in stroke patients is indi
cative of intracerebral hemorrhage. 19,84 

Although sensitivity and specificity values 
were as high as 94% and 95% in 1 33 con
secutive stroke patients with sufficient 
temporal bone windows,85 Tees still cannot 
replace computed tomographic or magnetic 
resonance brain imaging in this cohort of 
patients. 

NEW DEVELOPMENTS 

Microembolic Signals 

The first reports on gaseous microemboli 
detected with ultrasound were published by 
Spencer and colleagues in 1969 and were 
associated with decompression sickness and 
open-heart surgery.86 More than 20 years 
later, the technique entered the focus of 
clinical interest when the same group 
detected microembolic signals (MES, also 
termed HITS, or high-intensity transient 
signals) for the first time with TeD in a 

A B 

patient undergoing carotid endarterec
tomy.8? Surprisingly, MES occurred during 
the preparation time, before the artery was 
opened, indicating that the MES repre
sented solid emboli arising from the arte
riosclerotic plaque. Since then, numerous 
experimental and clinical studies have been 
published concerning MES, including two 
consensus statements. 1O,88 The latter provide 
internationally accepted definitions of MES 
and cover major issues involving TeD 
instrumentation and software systems. The 
consensus opinions state that a microem
bolic TeD signal must: (1) be short in dura
tion (<300 ms), (2) be at least 3 dB above the 
background Signal, (3) be mainly unidirec
tional within the Doppler spectrum, and 
(4) produce a characteristic sound ("chirp, " 
"snap, " "moan").  Typical MESs detected 
with TeD are illustrated in Figure 12-16. It 
has been shown that MESs are usually too 
small to elicit clinical symptoms. Neverthe
less, there is now overwhelming evidence 
that MESs possess clinical relevance and, on 
an individual basis, permit the assessment 
of the actual thromboembolic risk. They 
also permit the monitoring of treatment 
efficacy.89 The recent introduction of sophis
ticated MES detection software has consid
erably improved the monitoring procedure 
and its diagnostic confidence. MES detec
tion represents a useful tool for improving 
the stratification of individuals prone to 

FIGURE 1 2-16. Illustrative examples of typical microembolic signals (MESs), detected with TCD, in a patient with 
artificial heart valves. These appear randomly within the systolic (AJ or the diastolic (B) phase of the Doppler spec
trum (arrows) .  The origin of the MES and the maximum intensity elevation are always located within the Doppler 
spectrum; however, with strong MES intensity gradients (mostly seen with systolic MES), the upper edges-and, 
rarely, also the lower edges-of the signal may run off the flow spectrum. Note that the intenSity of the back
ground transcranial Doppler (TCD) signal has to be decreased for MES monitoring (as seen) to allow for effective 
MES identification. 
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CHAPTER 1 2  Ultrasound Assessment of the Intracranial Arteries 

thromboembolism and for evaluating new 
primary and secondary prevention strate
gies with high sensitivity. 

Ultrasound Perfusion Imaging 

The introduction of ultrasound con
trast agents presented the possibility for 
ultrasound-based measurement of tissue 
perfusion, based on fundamental indicator
dilution principles.90 This made it possible 
to monitor the tissue perfusion of the brain 
in patients suffering from cerebrovascular 
disease almost noninvasively and at the 
bedside. With the use of harmonic imaging 
techniques, it recently has been shown 
that contrast enhancement is visible using 
transcranial B-mode ultrasound imaging, 
permitting transtemporal brain perfusion 
mapping.9 In the first clinical series reported 
on acute stroke patients, a positive correla
tion was found between the TeeS-derived 
brain perfusion maps and the later occur
rence of brain infarction.91,92 A major limi
tation of the bolus-tracking appoach with 
ultrasound contrast agents is the destruc
tion of the microbubbles (Le., the indicator) 
by ultrasound, limiting one of the pre
requisites for perfusion measurements based 
on indicator-dilution principles.93 There
fore, an alternative approach, using refill 
kinetics, based on a constant infusion of an 
ultrasound contrast agent, was proposed 
and has already proved to be useful for brain 
perfusion measurements.94 A general limita
tion of ultrasound-based brain perfusion 
measurements is the low spatial resolution 
of current Tees systems, which may be 
overcome in the future. At present, this 
technique is still within the early clinical 
stage, and upcoming studies will show 
which of the two techniques (bolus 
approach versus refill kinetics) is superior in 
generating reproducible perfusion maps of 
the brain. 

Sonothrombolysis 

In 1942, Lynn and coworkers95 showed for 
the first time that focused, in vivo ultra
sound can induce selective tissue damage 

without affecting the surrounding areas. It 
is now well known that tissue insonation 
may lead to various physiochemical tissue 
reactions, such as heating and denaturation, 
micro streaming effects, release of free radi
cals, and alterations of blood cells and coag
ulation, that are already being used in 
clinical medicine. ll The ability of ultra
sound to augment the dissolution of throm
bus was first reported in 1989 by Kodo and 
coworkers.96 This capability has been veri
fied in numerous experimental studies 
using in vitro and animal models.97 It has 
been shown that the insonation of throm
bus alone98 or in combination with fibri
nolytic agents99 significantly accelerates the 
thrombolytic process. This effect has been 
termed ultrasound-assisted thrombolysis or 
sonothrombolysis. Using a variety of ultra
sound frequencies (20 kHz-3 MHz) and 
intensities (3 mW-8 W/cm2), a clear dose 
relationship of this phenomenon has been 
demonstrated. lOo It is now believed that not 
macrostructural (e.g., clot disruption) but 
rather microstructural alterations (e.g., 
dysconfiguration of fibrin molecules) are 
mainly responsible for the sonothrom
bolytic effect, via a micro cavitation process. 
In addition to several clinical studies in 
patients suffering from acute coronary syn
dromes, the first reports on successful 
sonothrombolysis in acute stroke patients 
have appeared.101, 102 Sonothrombolysis is a 
very exciting, novel tool that may increase 
the efficacy of the purely pharmacologic 
approach of thrombolysis in acute stroke. 
Acceleration of intracranial vessel recanal
ization could reduce the final infarction size 
and therefore improve the long-term 
outcome102 of stroke patients. Establishing 
this bedside technique as a therapeutic tool 
could revolutionize the entire field of acute 
stroke treatment. 

CONCLUSIONS 

Through continuous refinements and tech
nical innovations during the past two 
decades, transcranial ultrasound is no 
longer limited to the sonographic measure
ment of blood flow velocities. Today, trans
cranial ultrasonound means multimodal, 
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Table 1 2-8. Main Indications for Vascular TCD and TCCS in Clinical and 
Experimental Settings 

1. Detection of intracranial stenoses and occlusions in the major basal arteries 
2. Evaluation of intracranial hemodynamic effects and collateral flow of extracranial occlusive disease 

(e.g., occluSions, subclavian steal) 
3. MOnitoring of intracranial vessel recanalization in acute stroke 
4. Monitoring of intracranial cerebral hemodynamics 

a. After subarachnoid hemorrhage (e.g., presence and severity of vasospasms) 
b. In patients with increased intracranial pressure (e.g., on the intensive care unit) 
c. During and after extracranial revascularization procedures (e.g., carotid endarterectomy, carotid 

angioplasty) 
d. Before and during neuroradiologic interventions (e.g., balloon occlusion) for presence of 

collateral pathways 
e. During open heart surgery 
f. In evolution of brain death 

5. Detection and quantification of cerebral circulating microemboLi 
6. Detection and quantification of right-to-Ieft shunts 
7. Functional tests 

a. Stimulation of intracranial arterioles with carbon dioxide or other vasoactive drugs (e.g., 
assessing vasomotor reserve capacity) 

b. Language lateralization (e.g., before neurosurgery) 
c. External stimulation of visual cortex 

8. Still in the developmental stage 
a. Brain perfusion imaging 
b. Ultrasound-assisted thrombolysis 

high-resolution, and real-time imaging of 
the brain's structure and vasculature. Using 
modem equipment and a variety of ultra
sound modalities, information can be 
acquired about anatomy, hemodynamic 
status, and function of the central nervous 
system and its supplying arteries and veins 
(Table 1 2-8). Nevertheless, TeO and Tees 
remain portable, easy-to-access, dynamiC, 
highly reliable, and reproducible techniques 
in clinical medicine that support various 
therapeutic decisions. Noninvasiveness fur
ther advocates the use of TeD as a moni
toring tool, particularly during surgical or 
neurointerventional procedures. Overall, 
trans cranial ultrasound with TeO and TeeS 
has revolutionized our understanding of 
cerebrovascular disease, and these modali
ties now are key in the diagnostic workup 
of cerebrovascular disorders. In most coun
tries, TeO and Tees are in the hands of 
physicians and technicians with neurologic 
background who deal appropriately, and 
carefully, with its capabilities and limita
tions. However, we must be aware that all 
these methods require sufficient knowledge, 
practical skills, and technical expertise. In 
other words, we have to ensure continuous 

education and adequate training in the fas
cinating field called neurosonology. 
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Chapter 
1 3  

The Role of Noninvasive 
Procedures in the Management 

The common denominator of most condi
tions involving the arterial circulation in 
the extremities is the reduction or limita
tion of blood flow. In the majority of situa
tions, the perfusion available depends not 
only on the condition of the main artery 
but also on the extent to which collateral 
branches provide an alternate route. The 
clinical presentation is determined by the 
net decrease in flow. In the case of limited 
occlusive disease, there is no perfusion 
deficit at rest and symptoms are only man
ifested when there is an increased demand, · 
such as occurs with exercise. Occlusive 
lesions develop gradually, as in the case of 
an atherosclerotic plaque, so there is time 
for parallel improvement in the function of 
the collaterals, and the patient may have no 
symptoms until there is advanced stenosis. 
Even progression to occlusion may produce 
only mild symptoms. On the other hand, 
an acute occlusion, such as that produced 
by an arterial embolus, will result in much 
more severe symptoms because initially 
there is only limited contribution by collat
eral pathways. 

Extremity arterial disease can occur at a 
single level or at multiple levels. The loca
tion of different stenoses will determine the 
distribution and severity of symptoms. For 
example, a person with both iliac and super
ficial femoral artery lesions may have mod
erate proximal leg symptoms and severe calf 
symptoms. The proximal muscle groups 
only suffer the hemodynamic effect of the 
iliac stenosis while the calf is affected by 
the combination of the two leSions, thus 

producing a greater drop in perfusing pres
sure in the calf. 

Patients with arterial disease present with 
a wide range of signs and symptoms. 
Obtaining optimal results from noninva
sive vascular testing requires knowledge of 
normal anatomy and anatomic variants, as 
well as the different types of arterial pathol
ogy that may be encountered. 

CHRONIC OCCLUSIVE 
PATHOLOGY 

Arteries throughout the body have a similar 
structure. The intima is the innermost layer 
and is normally very thin. It consists of a 
monolayer of endothelial cells separated 
from the internal elastic lamina by a thin 
layer of mixed cells. Although the endo
thelium is a thin structure, it plays an 
important role. Its functions include 
(1) prevention of platelet aggregation and 
thrombosis, (2) regulation of smooth mus
cle tone in the deeper layer, (3) modu
lation of smooth muscle cell growth and 
migration, and (4) control of entry of 
lipoproteins into the vessel wall. The media 
extends from the inner portion of the inter
nal elastic lamina to the adventitia. Within 
the media, there are discrete bundles of 
smooth muscle cells, elastic fibers, and col
lagen. The muscle component is responsible 
for variations in the tone of the wall, 
responding to both local factors interacting 
with the endothelium and central factors 
initiated by nerve control. The elastic 
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lamellae determine the elasticity. The aorta 
and its primary branches have the greatest 
proportion of elastic fibers and the greatest 
elasticity. The more peripheral branches 
have a greater proportion of smooth muscle 
cells and so are less elastic but have a greater 
range of muscular tone. The outer layer, the 
adventitia, is primarily fibrocellular and 
provides a major portion of the tensile 
strength of the vessel. The vasa vasora and 
small nerves course through this layer. 

Atherosclerosis is by far the most com
mon cause of arterial occlusive disease in 
the western hemisphere. This condition 
is primarily a disease of the intima. In the 
earliest stages, there is slow thickening of 
the intima. Subsequently, there is gradual 
deposition in the intima of foam cells, white 
blood cells that have taken up lipids. Areas 
of initial lipid accumulation are called fatty 
streaks. Not all of these progress to athero
sclerotic plaques. By definition, the devel
opment of atherosclerosis is heralded by the 
appearance of the early fibrous plaque. Such 
plaques are usually focal lesions, rather than 
involving a diffuse surface of the artery. His
tologic examination reveals a low-profile, 
homogeneous lesion with a well "organized 
structure of connective tissue fibers and 
smooth muscle cells. The endothelium cov
ering the early plaque is intact. The plaque 
initially increases in thickness while main
taining a homogeneous appearance, but 
gradually there is a transition to a complex 
plaque. Necrosis in the deeper portions 
results in an increasingly heterogeneous 
appearance. These areas contain liquid and 
crystalline lipid and cellular debris. There 
are varying degrees of inflammatory reac
tion, characterized by the presence of 
monocytes around the necrotic regions. 
Progression can lead to breakdown of the 
covering endothelium, exposing suben
dothelial tissues that can trigger the forma
tion of thrombus or platelet aggregates. 
Further deterioration can result in break
down of the fibrous cap covering the 
necrotic core, producing an ulcer. This 
change can lead to acute symptoms due to 
distal embolization of plaque contents or of 
thrombi formed in the ulcer. Many plaques, 
both large and small, develop calcium 
deposits. Recent studies suggest that 

deposition of calcium may be related to the 
degree of inflammatory reaction within the 
developing plaque. Some plaques can have 
focal hemorrhage, often resulting in an 
acute increase in the degree of stenosis. 

Atherosclerotic plaques, whether early or 
advanced, are asymmetric in cross-section. 
The orientation of the main mass of the 
plaque varies in different parts of the arte
rial tree. In the carotid bifurcation, the bulk 
of the plaque is in the outer portion of the 
bulb, away from the flow divider. On the 
other hand, iliac artery plaques are pre
dominantly in the posterior portion of the 
cross-section. The marked asymmetry is the 
main reason why imaging studies, such as 
contrast arteriography, must be obtained in 
multiple planes to provide an accurate esti
mate of severity of stenosis. 

Atherosclerosis is a diffuse disease, af
fecting different parts of the arterial tree. 
Nevertheless, the plaques tend to be focal, 
rather than involving long arterial seg
ments diffusely. Typically, lesions develop at 
bifurcations, sparing long, straight sections. 
It is this focal characteristic that permits 
interventions, such as endarterectomy or 
bypass grafting. In the peripheral arteries, 
the most frequent site for Significant 
atherosclerotic narrowing is in the distal 
superficial femoral artery. Plaques also pref- . 
erentially develop at the level of the adduc
tor canal (Hunter's canal) in the distal thigh. 
(This location is an exception to the rule 
that disease occurs primarily at bifurcations. 
The tight tethering of the artery in the canal 
is thought to cause focal disease at this 
level.) The second most common site is 
the aorto-iliac segment. Disease at this level 
involves the terminal abdominal aorta and 
the common iliac arteries. Although some 
patients may have advanced plaque in the 
internal or external iliac arteries, these loca
tions are less frequent than the common 
iliac location. Diabetic patients also have 
significant plaque formation in the deep 
femoral artery and in the crural arteries in 
the calf. These additional sites result in 
more severe symptoms and higher risk of 
limb loss. A problem in the diabetic is 
diffuse calcification of the media of the 
branches in the calf, making operation on 
these vessels challenging. 
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Symptomatic atherosclerotic occlusive 

disease is much less common in the upper 
extremities. The subclavian arteries are the 
most common locations, and unilateral sub
clavian disease is common. Plaques in these 
vessels are often asymptomatic but may 
produce arm claudication or posterior cere
bral symptoms as the result of a vertebral 
artery steal. 

Nonatherosclerotic occlusive peripheral 
arterial problems represent a small portion 
of the referrals to most vascular laboratories. 
Table 1 3-1 lists the variety of conditions 
that may require evaluation. The large 
vessel conditions usually present with 
symptom patterns similar to atherosclero
sis and are assessed in the same fashion. 
In some situations, it may be possible 
to suspect nonatherosclerotic pathologies, 
because these conditions are often more 
diffuse or have a different distribution. The 
small vessel diseases usually involve just the 
hands or the feet, and normal vessels may 
be present down to the wrist or ankle level. 
Since the usual noninvasive tests focus pri
marily on the more proximal arteries, dif
ferent protocols are needed for patients with 
these disorders. Duplex scanning is of little 
use, and examination must focus on digi
tal pressures and plethysmographic tech
niques. Vasospastic conditions present an 

Table 1 3-1 . Nonatherosclerotic Peripheral 
Arterial Conditions 

Large Vessels 
Inflammatory 

Systemic giant cell arteritis 
Radiation-induced arteritis 

Noninflammatory 
Popliteal entrapment 
Adventitial cystiC disease 

Small Vessels 
Inflammatory 

Vasculitis of connective tissue disease 
Systemic sclerosis (scleroderma) 
Rheumatoid vasculitis 
Systemic lupus erythematosus 

Buerger's disease (thromboangiitis obliterans) 
Vasospastic 

Raynaud's syndrome 

additional diagnostic challenge, since the 
occlusive component is not fixed but is 
brought on by a triggering stimulus such as 
cold exposure. Although digital plethys
mography may suggest the presence of 
vasospastic disease, an adequate diagnostic 
evaluation requires the use of a provocative 
test. The best test is the measure of digital 
systolic pressure before and after a stan
dardized cold exposure. 

ACUTE OCCLUSIVE PATHOLOGY 

The most common cause of acute arterial 
occlusive disease is the arterial embolus. The 
embolus can consist of a piece of thrombus 
that formed in the arterial system (includ
ing the heart) or can be a piece of an ather
osclerotic plaque. The embolus travels 
through the arterial tree until it reaches a 
branch that is small enough to prevent its 
passage, and there it becomes wedged. The 
stasis of blood produced by the sudden 
blockage results in propagation of thrombus 
proximally and distally along the branch, so 
that the resulting occlusion is much more 
extensive than the embolus itself. Cardio
genic emboli can originate in the left atrial 
appendage of patients with atrial fibrillation 
or on the damaged endocardial surface after 
myocardial infarction. These emboli are 
usually large and occlude major branches, 
such as the axillary, brachial, femoral or 
popliteal arteries. Atheroembolism can orig
inate from ulceration of plaque in any part 
of the body. These lesions are small and 
block small branches, producing small 
regions of necrosis. It is not uncommon to 
have a shower of multiple particles at one 
time. 

Arterial dissection can cause acute 
changes in the peripheral circulation. A 
dissection i s  produced by a tear in the 
intima into the media, with a splitting of 
the arterial wall to create a false lumen. 
The process can extend either up or down 
the vessel. A dissection most commonly 
originates in the thoracic aorta and may 
extend into major branch vessels, such as 
the subclavian, iliac, or visceral arteries. 
These branches may have decreased flow 
via the false lumen or may become 
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occluded. An acute dissection may have 
much the same presentation as a large 
cardiac embolus, and differentiating be
tween these two etiologies is important for 
clinical management. 

NON OCCLUSIVE PATHOLOGY 

An aneurysm is a focal ·dilation oian artery 
involving all layers of the wall. Peripheral 
aneurysms are most frequent in the 
popliteal artery but can also be found in 
other branches. As the dilation increases, 
there is a gradual accumulation of layered 
thrombus, so that the lumen may be close 
to the size of the normal portion of the 
vessel. Unlike abdominal aortic aneurysm, 
the most common complication of periph
eral arterial aneurysms is acute ischemia 
from thrombosis or embolization, rather 
than rupture . Symptoms may also be pro
duced by compression of adjacent nerves 
and veins. . 

A false aneurysm usually forms following 
a focal breakdown of the arterial wall, with 
contained extravasation of blood to form 
a hematoma adjacent to the artery. Local 
trauma, including catheter placement for 
invasive procedures, is a common cause. 
Disruption of a bypass anastomosis, due to 
either infection or mechanical problems, is 
another common etiology. In many cases, 
the break in the arterial defect heals and the 
hematoma is reabsorbed. If not, there is an 
ongOing communication between the artery 
and the hematoma. With time, a fibrous 
capsule forms around the pulsating hema
toma. Some small pseudoaneurysms resolve 
by spontaneous thrombosis, but others may 
gradually expand. Pseudo aneurysms can 
rupture or produce symptoms by local 
compression. 

Arteriovenous communications result 
from developmental abnormalities or trau
ma. The embryologic arteriovenous mal
formations present with many small 
communications within a tissue mass. 
Traumatic arteriovenous fistulas most com
monly have a single connection. As the 
amount of blood passing directly to the 
venous circulation increases, a partial com
pensation occurs with dilation of the 

proximal arterial system. In some cases, the 
feeding vessel can reach twice normal size. 
Chronic vascular insufficiency can occur if 
the proximal arterial enlargement is insuffi
cient and the volume of blood shunted 
away from the extremity is great enough to 
limit perfUSion distal to the communica
tion. A special case of arteriovenous fistula 
can occur as a complication of invasive arte
rial procedures in the femoral artery. Place
ment of a large-bore device through both 
the artery and the vein can initiate the 
problem. It is possible to have a combina
tion of a fistula and a pseudoaneurysm in 
the same grOin. 

SIGNS AND SYMPTOMS 

Atherosclerosis develops slowly, and a low
profile plaque does not have a significant 
effect on flow. Reduction of blood flow does 
not occur until the plaque reduces the 
lumen diameter about 50%. Such a limited 
lesion only exerts effects during the elevated 
flow reqUirements of maximal exercise. 
Symptoms occur at periods when the flow 
demand of the muscle beyond the stenosis 
exceeds the supply. During the periods of 
inadequate perfuSion, a cramping or aching 
sensation occurs in the muscles. Simply 
standing in place reduces the demand, and 
all symptoms disappear. The term intermit
tent claudication is used for this symptom 
pattern. Most commonly, the patient 
initially experiences pain limited to the 
muscles of the lower leg (calf) . As the occlu
sive disease worsens, there is further limita
tion of flow and the patient walks shorter 
and shorter distances before stopping to 
rest. With more severe disease, symptoms 
may appear in both the calf and the thigh. 
Commonly, the calf symptoms are more 
severe than those in the thigh, as the more 
distal bed has more severe flow limitation. 
Atypical distribution of occlusion may 
present unusual pain patterns. For example, 
isolated hypogastric artery disease can 
produce buttock claudication without 
symptoms in the thigh or calf. Patients with 
claudication only have arterial insufficiency 
during exercise. As a result, there may be 
pulses that are palpable at rest, but these 
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cannot be found immediately after exercise. 
This phenomenon is often called the dis
appearing pulse. The extremity skin and tem
perature are unaffected. 

A more serious clinical picture occurs 
when the occlusive disease reaches the 
point that there is reduced flow at rest. This 
condition usually occurs when there are 
significant plaques at two or more levels. 
The net effect at the distal-most part is the 
sum of the effects of the stenoses at each 
level. The chronic, severe ischemia results in 
rest pain, with which the worst symptoms 
occur in the toes and the forefoot. Patients 
often complain that the pain is most both
ersome at night, frequently awakening 
them from sleep. Relief can be obtained by 
dangling the foot over the side of the bed 
or walking a few steps. There is no muscu
lar pain in the calf or the thigh at rest, but 
claudication will come on at a very short 
walking distance. Any injury to the foot or 
the toes may not heal due to inadequate 
skin perfusion. These patients are catego
rized as being in a limb threat situation, as 
loss of limb is highly probable unless the 
circulation can be improved. Physical ex
amination shows chronic changes in the 
appearance of the foot and lower leg, 
including a temperature gradient in the 
lower leg, thinning of the skin, loss of hair, 
atrophy of sweat follicles with loss of sweat
ing, and poor healing of ulcers or lacera
tions. There is delayed capillary filling, 
causing pallor on elevation of the extremity 
and dependent rubor. It is important not to 
consider night muscle cramps or painful 
diabetic neuropathy as symptoms of 
ischemic rest pain. 

Most of the inflammatory and vasospas
tic conditions involve primarily the hands 
or the feet, sparing the proximal vessels in 
the arms or the legs. The involved vessels 
are the palmar or pedal arches and the distal 
branches. As a result, these patients do not 
present with claudication but only with 
distal ischemic symptoms, including severe 
pain, skin and intrinsic muscle atrophy, and 
digital ulceration. Buerger's disease is an 
exception, with occlusive lesions in both 
the medium- and small-size arteries in the 
extremity. As a result, the presentation of 
Buerger's disease can include both claudica-

tion and advanced ischemic symptoms in 
the foot. Unlike the fixed lesions of vasculi
tis, vasospasm is intermittent and usually is 
triggered by a specific stimulus, such as cold 
exposure. During the episodes of spasm, 
there can be pain, but this improves as the 
episode ends. Between episodes, the extrem
ity may appear normal and the patient 
reports no symptoms. Although vasospasm 
can be very symptomatic, it does not have 
the same poor prognosis as vasculitis, which 
can include problems of chronic ulceration 
and possible digit loss. 

An arterial embolus or a dissection involv
ing peripheral arterial branches presents 
with a sudden onset of ischemic symptoms, 
including severe pain, pallor, coolness, 
weakness, and numbness. The extremity is 
most symptomatic initially, with gradual 
improvement over the ensuing hours to 
days, as collateral branches compensate for 
the flow defiCit. There can also be deterio
ration from the initial presentation, result
ing from extension of the thrombosis distal 
to the initial obstruction. 

CLINICAL ISSUES FOR THE 
VASCULAR LABORATORY 

The initial evaluation of the patient with 
vascular disease comes from the history 
and the physical examination. There are, 
however, limitations of this clinical assess
ment. Early degrees of arterial pathology 
may not be detected, and gradual progres
sion is difficult to determine. In addition, 
findings by different examiners may result 
in different interpretations. Noninvasive 
testing serves to refine the evaluation 
by providing objective measurements of 
anatomic and physiologic parameters. 
These studies can be repeated at intervals to 
provide documentation of changes in the 
patient's status. The choice of the appropri
ate examination requires knowledge of the 
possible disease processes and an under
standing of the different techniques, includ
ing applicability and limitations. In some 
situations, a simple physiologic test pro
vides the answer, whereas in others, an 
extensive duplex ultrasound scan is re
quired. 
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Establishing the Diagnosis 

Most patients present with some symptoms, 
but the etiology is not always clear. The clau
dication of arterial disease may not always 
fit the typical description, and on the other 
hand, other leg pain patterns may be diffi
cult to distinguish. Diagnostic possibilities 
include degenerative jOint disease, chronic 
venous insufficiency, and neurogenic pain 
patterns. The latter are often called pseudo
claudication or neurogenic claudication. These 
symptoms are caused by nerve compression 
or irritation associated with degenerative 
spine changes, disc disease, or spinal steno
sis. Objective measurements with noninva
sive tests may help to define the presence or 
absence of arterial occlusive disease. Simple 
physiologic tests, such as the ankle pressure 
index or distal plethysmographic measure
ments, when abnormal, can confirm that 
interference with blood flow is the cause of 
symptoms. A normal result does not exclude 
the diagnosis of arterial obstruction. Moder
ately advanced atherosclerosis may not alter 
blood flow at rest sufficiently to be detected 
by the different physiologic tests. Only 
when increased blood flow is induced by 
exercise of distal muscles is there an alter
ation of the recorded parameters. The ex
ercise test is frequently used to detect early 
disease. Ankle pressures are measured before 
and after a standardized treadmill walking 
protocol. The test uses a low level of ex
ercise, so that it is well tolerated by most 
patients. The ankle pressure in subjects 
without occlusive disease does not drop 
following exercise. A normal exercise test 
rules out significant occlusive disease and 
prompts exploration of other explanations 
for the symptoms. Patients With . arterial 
disease have a decrease in extremity pressure 
following exercise. The magnitude of the 
decrease and the duration of the recovery 
time are related to the severity of arterial 
insufficiency. 

Small-vessel occlusive disease can be 
confirmed in a similar way. Pressures and 
waveforms (Doppler velocity tracings or 
plethysmographic recordings) obtained 
from the digits are abnormal with signifi
cant occlusive disease. The diagnosis of 
vasospastic conditions is more difficult, 

because the abnormality is intermittent. As 
with the case of early claudication, a stress 
test is required to induce the abnormality, 
with the diagnosis based upon the extent 
of changes observed. The most common 
method is to attempt to induce vasospasm 
with cold exposure. One simple protocol 
uses immersion of the whole hand in cold 
water, whereas a more sophisticated tech
nique cools individual fingers. Digital wave
forms or pressure measurements obtained 
before and after cold exposure are used to 
determine whether there is a significant 
change. 

Nonocclusive arterial pathology, such as 
aneurysm, is usually diagnosed with a 
duplex ultrasound scan. Not all pulsatile 
extremity masses are aneurysms. Demon
stration of arterial flow within the mass 
confirms the vascular nature of the lesion, 
distinguishing an aneurysm from a cystic 
mass adjacent to an artery. It sometimes 
may be difficult to distinguish a true from a 
false aneurysm, but the pattern of circula
tion within the mass aids in identification 
of the pathology. With a true aneurysm, the 
flow is from the proximal artery directly 
into the widening aneurysm neck. On the 
other hand, a pseudoaneurysm often fills 
from the arterial communicating tract into 
the mid-portion of the mass. Most com
munications are small, so there is a high
velocity jet going into the sac. 

Duplex scanning is also used in the 
diagnosis of arteriovenous fistulas and 
malformations. These present with elevated 
velocities and a low-resistance waveform in 
the artery and continuous flow with an arte
rial pulsation in the vein. With an arterio
venous fistula, a high-velocity jet through 
the communication can be found, while 
with a malformation a distinct jet is not 
usually detected, due to the presence of 
many smaller communications. 

Severity of Disease 

Determination of the severity of arterial 
disease is important, both in the initial 
workup and in follow-up. Traditionally, 
physicians have used the patient's descrip
tion of how far they can walk as an index 
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of disability. The information is usually 
expressed in distances, such as yards or 
number of city blocks. Unfortunately, 
the patient-reported initial claudication 
distance, or the maximal claudication dis
tance, is affected by a variety of factors, the 
most important of which is how fast the 
patient tries to walk. A common approach 
is to use the ankle/brachial pressure index 
at rest to reflect severity of disease. Although 
there is only a moderate correlation be
tween the pressure index and maximal 
walking distance, the parameter provides a 
simple clinical measurement. Reproducibil
ity studies have shown that the index must 
change by 0 .15  to be considered significant. 
Changes are associated with clinical 
improvement with treatment or deteriora
tion caused by disease progression. An 
important limitation of extremity pressures 
is that an artifactual elevation can be caused 
by stiff vessels. In an attempt to reduce 
errors, the pressure results should only be 
used when they correlate with Doppler or 
pulse volume recorder tracings. This limita
tion occurs most frequently in diabetic 
patients. Depending on the referral pattern, 
a laboratory may have between 5% and 20% 
of patients for whom pressure values cannot 
be used. 

A standardized treadmill walking pro
tocol is the best way to determine the func
tional severity of lower-extremity arterial 
disease. Both the initial claudication dis
tance (the point at which symptoms first 
appear) and the maximum claudication 
distance can be determined, but the latter 
appears to be a better endpoint. The advan
tage of a walking challenge is that it 
addresses the specific symptom of claudica
tion. The test can also identify other causes 
of ambulatory limitation, such as shortness 
of breath. Other methods of increasing 
blood flow to maximize the effects of a 
stenosis have been tried. These include 
more limited exercise with toe-rises, unilat
eral exercise with a pedal ergometer, and 
reactive hyperemia induced by 3 to 5 
minutes of thigh compression with a pneu
matic cuff. None of these alternatives have 
gained widespread use. 

Another reason for determining the sever
ity of arterial insufficiency is the assessment 

of wound healing potential. This is usually 
a concern in patients who have severe clau
dication and face either minor or major 
amputation. Routine segmental pressures 
have not proven to be very predictive, for a 
large proportion of these patients have 
advanced diabetes with stiff arteries. Sys
tolic toe pressure measurements can help, as 
there is less calcification in the foot arteries. 
A number of vascular laboratories measure 
skin oxygenation with a transcutaneous 
oximeter. Values above 30 mm Hg at the 
level of surgery predict a high likelihood of 
healing. A major drawback of this method 
is the length of the examination. More 
recently, investigators have described the 
measurement of skin perfusion pressures to 
predict skin healing. A laser Doppler probe 
is used to detect arterial pulsation in the 
skin. The probe is built into a pneumatic 
cuff that is inflated above systolic pressure, 
eliminating the detection of pulsatile flow. 
During deflation, the cuff pressure at which 
a pulsatile signal returns defines the systolic 
endpoint of the skin. Studies have shown 
good correlation between transcutaneous 
oximetry and skin perfusion pressure. The 
latter technique is simpler and faster to 
perform. 

Location of Disease 

In the initial patient assessment, an overall 
diagnosis and an estimate of disease sever
ity are adequate. On the other hand, when 
it comes time to select intervention options, 
it is necessary to know as accurately as pos
sible the level or levels of occlusive lesions. 
For many years, segmental pressures and 
waveforms were the only techniques avail
able. Detection of either a pressure gradient 
of more than 30 mm Hg or a qualitative 
change in a waveform from one segment to 
another defined the level of severe disease. 
The greatest limitation with this approach 
was the error that occurred in separating 
aortoiliac disease from disease in the thigh. 
Accurate thigh pressure measurement is 
problematic, especially in large legs. A 
variety of quantitative waveform analysis 
parameters have been tried, but none have 
gained popularity. The introduction of 
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duplex ultrasound scanning has greatly 
enhanced our ability to locate the specific 
obstructive plaque. It is possible to distin
guish a tight stenosis from an occlusion and 
to measure the length of the occlusion. 
These parameters are particularly important 
in the selection of interventional proce
dures. The quality of duplex studies im
proves continually, and we are now at the 
point that an increasing number of opera
tions are planned without preliminary con
trast angiography. 

Follow-up 

The earliest follow-up examination is the 
completion study in the operating room at 
the end of an operation. Many vascular sur
geons use objective methods to verify the 
adequacy of a repair, especially where tech
nical excellence is most important, such 
as with carotid endarterectomy or distal 
bypass grafts. For many years, the standard 
was a contrast angiogram, usually per
formed as a single-shot study. Increasingly, 
ultrasound techniques have been adopted 
in the operating room to reduce the need 
for expensive equipment and the injection 
of angiographic contrast. Initially, simple 
continuous-wave Doppler detectors were 
used in the operating room to detect 
stenoses by the increase in the audible fre
quency or by abnormal waveforms seen on 
signal processors. The introduction of the 
duplex scanner into the operating room 
greatly increased the quality and specificity 
of studies. Not only could a tight stenosis be 
detected, but nonstenotic lesions, such as 
dissections, intimal flaps or retained venous 
valves, could be seen. 

Serial follow-up examination after vein 
bypasses in the leg and after carotid 
endarterectomy has been shown to yield 
clinical benefit. In some patients, leg symp
toms will reappear if a reconstruction is 
deteriorating due to stenosis; however, 
others progress to occlusion before the 
patient notes that anything is wrong. 
Waiting until thrombosis occurs greatly 

reduces the possibility of long-term success 
with secondary repair. Physiologic tests, 
such as extremity pressures and waveform 
recording, have been done to monitor the 
health of vein bypasses; however, studies 
have demonstrated that a subset of graft 
patients may progress to thrombosis 
without significant change in the pressure 
index. Duplex scanning has become the 
method of choice to study vein grafts. 
Detection of an advanced stenosis allows for 
repair before thrombosis occurs, greatly 
improving long-term patency. There has 
been limited experience reported with 
surveillance of trans catheter interventions 
(balloon dilation, stenting) . It remains to be 
shown whether follow-up of these inter
ventions will have a clinical benefit regard
ing further intervention. 

Intervention 

The vascular laboratory has long been con
sidered to have a purely diagnostic func
tion. Recently, the ultrasound service has 
taken on a role in treating femoral artery 
false aneurysms, most frequently those 
resulting from catheter-based interventions. 
After a few reports of the success with induc
ing thrombosis with ultrasound-guided 
compression, the technique gained consid
erable acceptance. The duplex scanner pro
vides real-time visualization of the filling of 
the aneurysm. Pressure is applied with the 
scan head until flow into the sac is stopped. 
Although successful, this technique is 
uncomfortable for the patient and is 
time consuming. The active treatment 
of pseudoaneurysm was substantially im
proved with ultrasound-guided injection 
of thrombin directly into the open portion 
of the pseudoaneurysm sac. In most cases, 
there is almost immediate thrombosis. Inad
vertent injection of thrombin into the main 
artery can lead to major thrombosis in the 
leg, with immediate ischemia. This problem 
can be avoided by careful placement of the 
needle and by the use of a small volume of 
fluid for the injection. 
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Chapter 
1 4  

Arterial Anatomy of 
the Extremities 

G REGORY M .  KECK, M O, AND  WILLIAM J .  ZWIEBEL, M O  

The evaluation of arterial disease o f  the 
extremities requires knowledge of vascular 
anatomy. This chapter provides this basic 
information for the upper and lower 
extremities. Normal anatomy, common 
variants, and major collateral routes1--(j are 
illustrated, primarily by representative ar
teriograms. The chapter is formatted as 
a series of captioned illustrations, with the 
bulk of the instructional material contained 
within the figure captions. 

It is increaSingly common for arterial 
anatomy and pathology to be depicted non
invasively in a clinical setting with com
puted tomography or magnetiC resonance 
imaging. Generally speaking, however, im
age quality with these .modalities is not up 
to that of catheter angiography. We have 
chosen, therefore, to again use angiographic 
images in this chapter, as they best depict 
anatomic detail. 

The following terms are used to describe 
extremity anatomy in this chapter. The arm 
is the portion of the upper extremity 
between the shoulder and elbow. The 
forearm is the portion between the elbow 
and wrist. The thigh is the portion of the 
lower extremity between the hip and knee, 
and the leg is the portion between the knee 
and ankle. 

UPPER EXTREMITY 

Normal Features 

The normal arterial anatomy of the upper 
extremity is depicted graphically in Figure 
14-1 .  Figures 14-2 through 14-5 are detailed 
arteriographic views of specific regiOns of 

the upper extremity arterial tree, beginning 
at the aorta and extending to the digits. 
These figures should be reviewed carefully, 
because their legends provide the instruc
tional content. 

Anatomic Variants 

Many anatomic variants can occur in the 
arterial tree of the upper extremities. The 
more commonly encountered variants are 
presented in Table 14_1 . 1-3 Familiarity with 
these variants can prevent confusion and 
error during duplex examination. An ex
ample of an upper extremity anatomic 
variant is presented in Figure 14-6. 

Collateral Routes 

Many of the tributaries seen in Figures 14-1 
through 14-6 may serve as collaterals when 
the main arterial trunks of the upper 
extremity are blocked. 

The following is a summary of the more 
common collateral routes.2 
1 .  Obstruction of the proximal subclavian 

or brachiocephalic arteries 
a. Collateral flow from cranial and/or 

neck arteries to the subclavian artery 
distal to the obstruction (e.g., subcla
vian steal phenomenon) 

b. Collateral flow from pelvic, abdomi
nal wall, and thoracic wall arteries to 
the subclavian artery distal to the 
obstruction 

2. Obstruction of the distal subclavian or 
axillary arteries 
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a. Collateral flow from the thoracic wall 
or shoulder region to the axillary 
artery distal to the obstruction 

b. Collateral flow from the mid-arm to 
the distal arm and/or forearm 

c. Retrograde flow filling the palmar 
3. Obstruction of the brachial artery or its 

branch vessels 
arches of the hand 

Figure 14-7 shows an example of collat
eralization in response to radial artery 
occlusion. 

a. Collateral flow from the distal arm to 
the proximal forearm 

A and L common carotid a.  

A vertebral a. 

A subclavian a.  --11 ..... 
Innominate a.  

Internal 
mammary aa. 

/---- L Vertebral a.  

,---- Thyrocervical trunk 

JtI.------ Costocervical 
trunk 

,"",...-;-- Axil lary a. 

L subclavian a. 
-.,....-- Deep brachial a.  

...-+-- Brachial a.  

FIGURE 1 4-1 . Arterial anat
omy of the upper extrem
ity. Note that the internal 
mammary arteries, which 
are tributaries of the subcla
vian arteries, are used com
monly for coronary artery 
bypass. The deep palmar 
arch arises from the radial 
artery, and the superficial 
palmar arch arises from the 
ulnar artery. These arches 
may or may not communi
cate with each other. 

Interosseous a. --=......,--\ 

Ulnar a .. --� 

Superficial palmar arch --�'f1 
Metacarpal aa. 

Proper digital aa. 

Deep 
palmar 
arch 

F IG URE 1 4-2. The aortic arch connects the ascending 
aorta (AAo) with the descending aorta (DAo). Three 
great vessels originate from the aortic arch; the innom
inate artery (In) originates on the right side of the arch, 
followed by the left common carotid artery (LCC) and 
the left subclavian artery (LSu) . The innominate artery 
divides into the right common carotid artery (RCC) and 
the right subclavian artery (RSu). The right and left ver
tebral arteries (RY, LV) originate from the subclavian 
arteries, even though this is not apparent on the right 
side of this illustration. The internal mammary artery 
(1M) also arises from the subclavian artery. 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


� _______________ C_H_A_�_ER __ l_4 __ A_rt_e_r_ia_I_A_n_a_t_o_m_y __ o_f_th_e __ E_x_tr_e_m_i_ti_e_S ______________ � ��31 

F IGURE 1 4-3. The subclavian artery (Su) becomes the axillary artery (Ax) at the lateral 
margin of the first rib. The axillary artery, in turn, becomes the brachial artery (B) after 
crossing the inferolateral margin of the teres major muscle.3 The thyrocervical (TC) and cos
tocervical (CCT) trunks are noteworthy branches of the subclavian artery, because they may 
be mistaken for the vertebral artery (V) during duplex examination. The multiple branches 
that supply the scapular musculature serve as collaterals when the subclavian or innomi
nate arteries are obstructed. CH, circumflex humeral artery; DB, deep brachial artery; OS, 
dorsal scapular artery; 1M, internal mammary artery; SS, subscapular artery. 

F IGURE 1 4-4. Arterial anat
omy (A) and osseous land
marks (B) at the elbow. The 
brachial artery (B) divides 
at the elbow, forming the 
radial (R) and ulnar (U) 
arteries. The interosseous 
artery (1) is a branch of 
the ulnar artery, which in 
some individuals continues 
to the wrist. RR, recurrent 
radial artery; UR, ulnar 
recurrent artery. 
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FIGURE 1 4-5. The radial artery (R) terminates 
in the deep palmar arch (dp, black arrows) . 
The ulnar artery (U) terminates in the super
ficial palmar arch (su, white arrowheads) . 
Communicating vessels usually connect the 
deep and superficial arches, as shown here. 
The metacarpal (MC; also called the common 
palmar digital artery or dorsal metacarpal 
artery) and proper palmar digital (PO) arter
ies are branches of the superficial and deep 
arches. 

Table 14-1 .  Arterial Variants of the Upper Extremity 

Structure 

Aortic arch and 
great vessels 

Arm and forearm 

Variant 

Common origin of the right brachiocephalic and left 
common carotid arteries 

Left vertebral artery origin directly from the aorta 
Common origin of both common carotid arteries 

Radial artery origin from the axillary artery 
Early division of the brachial artery: 

1 .  High origin of the radial artery (Fig. 14-6) 
2. Accessory (duplicated) brachial artery 

Ulnar artery origin from the brachial or axillary 
artery 

Low origin (5-7 em below elbow joint) of ulnar 
artery 

Persistent median artery 

Frequency of 
Occurrence in the 
Population (%) 

22 

4-6 
<1 

1-3 
19 

2-3 

<1 

2-4 
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CHAPTER 1 4 Arterial Anatomy of the Extremities 

FIGURE 1 4-6. High ongm 
of the radial artery. Arteri
ograms of the arm (A) and 
forearm (B) demonstrate a 
high origin of the radial 
artery (R, arrows) at the 
level of the mid-humerus. 
B, brachial artery; I, inter
osseous artery; V, ulnar 
artery. 

LOWER EXTREMITY 

Normal Anatomy 

A 

The lower extremity arterial tree begins 
at the aortic bifurcation, and this portion of 
the vasculature is included in this chapter. 
For details concerning abdominal vascular 
anatomy, see Chapter 28. The major arter
ies of the lower extremity are illustrated 
graphically in Figure 1 4-8. Figures 1 4-9 
through 14-13 are angiographic depictions 
of the regional arterial anatomy of the lower 
extremity. 

Anatomic Variants 

The arterial anatomy of the lower extremity 
is fairly constant. Anatomic variations that 
may be encountered occasionally are pre
sented in Table 1 4-2.4 The relative infre
quency of these variations is also cited in 
this table. 

Collateral Routes 

Multiple variations are possible in the col
lateral routes that circumvent lower extrem
ity arterial obstruction. The following is an 
outline of the more common collateral 
pathways.4,s It is important for vascular lab
oratory personnel to be familiar, in general 
terms, with the more commonly seen col
lateral pathways, as illustrated in Figures 
1 4-14 through 1 4-18:  
1 .  Distal aorta or bilateral common iliac 

artery obstruction 
a. Collateral flow from thoracic and 

abdominal wall arteries to pelvic arter
ies distal to the obstruction 

b. Collateral flow from arteries of the 
bowel to pelvic arteries distal to the 
obstruction 

c. Collateral flow from lumbar arteries to 
pelvic arteries distal to the obstruction 

Text continued on p. 273 
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FIGURE 1 4-7. Collateral circulation in radial artery 
occlusion. The distal portion of the radial artery (R, 
large arrow) is primarily filled in a retrograde manner 
from the superficial and deep palmar arches (not 
shown). Antegrade collateral supply also is provided 
by the recurrent radial artery (RR, small white arrow) 
and by the interosseous artery (I, small black arrow) . 
B, brachial artery; U, ulnar artery. 

Table 1 4-2. Arterial Variants of the Lower Extremity 

Variant 

Duplication of the superficial femoral artery 
High bifurcation of the popliteal artery 
High bifurcation of the popliteal artery, with the peroneal arising from the 

anterior tibial artery 
Normal level bifurcation of the popliteal artery, with the peroneal arising 

from the anterior tibial artery 
Absent posterior tibial artery; may have distal reconstitution at the level of 

the ankle by way of the peroneal artery 
Hypoplasia or aplasia of the anterior tibial artery with resultant absence of 

dorsalis pedis pulse 
Anomalous location of the dorsalis pedis artery 

Frequency of 
Occurrence in the 
Population (%) 

Rare 
-4 
-2 

Rare 

1-5 

8 
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Common 
hepatic a.  ----:-<:-+--7"'-f--, 
Proper 

hepatic a. ---,------\----:-*r£----jf----, 

Superior 
mesenteric a .  --��----hi� ......... --I¥-,-\--.... 

Gastroduodenal a. --r�--A!.,.L--rl�r-�� 

A 

Common iliac a .,---i 

I liolumbar a .. -----f--f"r+___ 
External iliac a. --'I.-----'--;-----tH 

I nternal iliac a.-�---;--T---I'1-\;� 

Superior gluteal a. -��,......,,.-.-..... 

Common femoral a. ----"-..r----"'-<:,-I!f'-. 

Inferior gl uteal a. --,--::--rr-----j!'J-/ 

Lateral femoral 
circumflex a. --.ld--.lr'i�wn 

�I-M""'-,-""V+-- Celiac a. ����-'<;)t:-- Splenic a.  

Renal aa. 

IIaF'<---'�,-¥,\--- Inferior 
mesenteric a. 

"'="----1- Lumbar aa. 

/r'rT-T+''r--- Superior hemorrhoidal a .  

/--- Inferior mesenteric a. 

1-t-'r--\,\-�7"---f-T'.l-- Superior 
hemorrhoidal a. 

Deep femoral a.-'t+;>"--tI 
Superficial femoral a.---HI-ft-t\ 

Median femoral 
circumflex a .  

B 
FIGURE 1 �. Arterial anatomy of the abdomen (A), pelvis (B), and lower extremity (C) . 

Continued 
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Common femoral a. ---__...-G--

Lateral femoral 
circumflex a.  ----'''<::-7 

\----II--+------::;�- Medial femoral 
circumflex a. 

Deep femoral a.---Io::--II Superficial femoral a. 

Superior genicular a. 

Popliteal a. 

FIGURE 14-8-cont'd 

Anterior tibial a. ---,,,, Tibioperoneal trunk 

Peroneal a .  

Dorsalis pedis a.  

Lateral plantar a .---' Medial plantar a. 

c 

FIGURE 1 4-9. A ,  The abdominal aorta (Ao) terminates at its bifurcation into the common 
iliac arteries (CI) at the L4 vertebral level. B, The common iliac arteries divide at the lum
bosacral junction into the internal (II) and external iliac (EI) arteries. The internal iliac artery 
(also called the hypogastric artery) supplies the pelvic viscera and musculature. The branches 
of this artery become important collateral routes, as seen in other figures. The external iliac 
artery is continuous with the common femoral artery at the inguinal ligament, as shown 
in Figure 14-10. C, Three-dimensional, shaded surface display of the aorta and iliofemoral 
arterial segment. The anatomy is dramatically illustrated by three-dimensional reconstruc
tion methods, as well as by other methods for illustrating vascular anatomy noninvasively. 
C, celiac artery; H, hepatic artery; IMA, inferior mesenteric artery; R, left renal artery; rRH, 
replaced right hepatic artery; S, splenic artery; SMA, superior mesenteric artery. 
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FIGURE 1 4-1 0. The external iliac artery (El) is 
continuous with the common femoral artery 
(CF), which is a short segment (about 4 cm 
long). The common femoral artery bifurcates, 
forming the superficial (SF) and deep (DF) 
femoral arteries. A prominent branch, called 
the lateral femoral circumflex artery (LFC), 
arises dorsally, just before the common fe
moral artery divides. The superficial femoral 
artery continues throughout the thigh 
without major branches. The deep femoral 
artery, also called the profunda . femoris 
artery, has multiple muscular branches. The 
proximal muscular branches communicate 
with the pelvic arteries, and the distal 
branches communicate with tributaries of 
the popliteal artery at the knee. Thus, the 
deep femoral artery is an important collateral 
route, for both iliac and superficial femoral 
artery occlusion. DIC, deep iliac circumflex 
artery; IE, inferior epigastric artery; MFC, 
medial femoral circumflex artery. 

FIGURE 1 4-1 1 .  Anteroposterior (A, B) and lateral (C) views of the superficial femoral and 
popliteal arteries. In the distal portion of the thigh, the superficial femoral artery (SF) enters 
the adductor canal and becomes the popliteal artery (Po) . This junction is also marked by 
the supreme genicular artery (SG). The popliteal artery passes behind the knee and ends, in 
most individuals, by bifurcating into the anterior tibial artery (AT) and the tibioperoneal 
trunk (TP) . The genicular and sural arteries are important collateral routes for both superfi
cial femoral and popliteal arterial obstruction. ILG, inferior lateral genicular artery; ·Pe, per
oneal artery; PT, posterior tibial artery; SG, supreme genicular artery; SLG, superior lateral 
genicular artery; SMG, superior medial genicular artery; Su, sural artery. 
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FIGURE 1 4- 1 2. The anterior tibial artery (AT) courses 
anterolaterally from its origin and passes through 
the interosseous membrane. It then courses along 
the anterolateral aspect of the leg to the foot. The 
tibioperoneal trunk (TP) is of variable length and 
usually bifurcates into the peroneal (Pe) and poste
rior tibial (PT) arteries. The peroneal artery, also seen 
in Figure 14-1 1B, extends down the leg to just above 
the ankle. The posterior tibial artery continues along 
a posteromedial course to the foot. Po, popliteal 
artery. 

FIGURE 1 4-1 3. Oblique view of the right foot. 
The anterior tibial artery (AT) courses onto 
the dorsum of the foot, where it becomes the 
dorsalis pedis artery (DP). The posterior tibial 
artery (PT) passes behind the medial malleo
lus and shortly thereafter bifurcates, forming 
the medial plantar (MP) and lateral plantar 
(LP) arteries. The plantar arch of the foot is 
formed by the union of the lateral plantar 
artery with the plantar metatarsal branch 
(not shown) of the dorsalis pedis artery. The 
plantar arch gives rise to the metatarsal and 
digital branches. 
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FIGURE 1 4- 1 4. Aortic and iliac obstruction-superior (A) and inferior (B) segments. The site 
of a severe aortic stenosis is indicated by the black arrow in B. The right common iliac artery 
is occluded, and the left external iliac artery is severely stenotic. The following collateral 
routes are apparent: (1)  lumbar arteries (L) � to the iliolumbar (IL) and superior gluteal (SG) 
arteries; (2) obturator internis artery (0) � to the median femoral circumflex artery (MFC), 
circumventing the left external iliac obstruction; (3) inferior hemorrhoidal (IH) .and infe
rior vesicle (IV) branches across the pelvis from the left to the right internal iliac system 
(circumventing the right common iliac occlusion). 

FIGURE 1 +.1 5. Right common iliac artery 
occlusion and left common iliac artery (el) 
stenosis are circumvented by lumbar (L) col
laterals, which communicate with iliolumbar 
(IL) branches of the internal iliac artery (II) . 
The internal iliac artery, in turn, restores flow 
to the external iliac (EI) artery. Ao, aorta. 
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FIGURE 1 4-1 6. Hemorrhoidal collaterals 
(arrow) are of particular interest in this 
illustration. These branches of the inferior 
mesenteric artery illustrate the potential for 
collateralization from arteries that supply 
the gut. Prominent lumbar (L) � to gluteal 
(IL, SG) collaterals are evident on the left 
side. Ao, aorta; CF, common femoral artery; 
CI, common iliac artery; DIC, deep iliac cir
cumflex artery; El, external iliac artery; IL, 
iliolumbar artery; SG, superior gluteal 
artery. 

2. Unilateral common iliac artery ob
struction 
a. Collateral flow from contralateral iliac 

and/or femoral arteries to arteries of 
the pelvis or thigh distal to the 
obstruction 

b. Collateral pathways as just men
tioned, with supply to the ipsilateral 
pelvic arteries 

3. External iliac and common femoral 
artery obstruction 
a. Collaterals ariSing primarily from ipsi

lateral pelvic arteries or contralateral 
pelvic and/or femoral arteries to 
supply arteries of the proximal thigh 
distal to the obstruction 

b. Previously mentioned pathways also 
possibly involved to varying degrees 

4. Deep femoral artery obstruction 

a. Collateral flow from proximal ipsilat
eral pelvic arteries, contralateral 
pelvic arteries, and/or contralateral 
femoral arteries to the deep femoral 
artery distal to the obstruction 

b. Collateral flow from the distal super
ficial femoral or popliteal arteries to 
the distal deep femoral artery 

S .  Superficial femoral or popliteal artery 
obstruction 
a. Collateral flow from the deep femoral 

artery to the distal superficial femoral 
artery or to the popliteal artery 

b. Collateral flow from the distal super
ficial femoral artery to the popliteal 
artery or to the proximal trifurcation 
vessels in the calf 

.FIGURE 1 4-1 7. Occlusion of the proximal 
popliteal artery (Po) is circumvented by 
genicular collaterals (supreme genicular, SG 
� to superior medial genicular, SMG). 
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FIGURE 1 4-1 8. Distal popliteal (Po) artery occlusion is cir
cumvented as follows: 1) sural (Su) and small muscular 
branches � to the recurrent anterior tibial artery (rAT), 
which supplies the anterior tibial artery (AT); 2) sural (Su) 
and small muscular branches � to the posterior tibial 
artery (PT) . 

c. Collateral flow from the proximal to 
distal popliteal artery and/or popliteal 
artery to trifurcation vessels 

6. Obstruction of trifurcation arteries 
a. Collateral flow from patent proximal 

calf branches to distal arteries in the 
lower leg or ankle 

b. Collateral flow from distal peroneal 
branches to distal anterior or posterior 
tibial arteries 
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Chapter 
1 5  

Nonimaging Physiologic Tests for 
Assessment of Lower Extremity 

Arterial Occlusive Disease 
R. EUGENE ZIERLER, M D 

The basic purpose of lower extremity non
invasive testing is to document both the 
presence and severity of arterial disease. 
The importance of such documentation 
has been underscored by the study of 
Marinelli and colleagues, l in which 458 
diabetic patients were evaluated prospec
tively for lower extremity arterial insuf
ficiency. Arterial occlusive disease was 
documented by objective testing in 31  % of 
patients who gave no history of claudica
tion and in 21% with a normal physical 
examination. 

Digital subtraction arteriography may 
also be used to document lower extremity 
arterial disease. This technique has been the 
standard method for preoperative assess
ment, and the preCise anatomic informa
tion provided may be essential in planning 
reconstructive arterial operations. Arteriog
raphy has certain limitations, however, par
ticularly in estimating the hemodynamic 
significance of stenoses. Single-plane views 
may underestimate the severity of disease 
whenever plaques do not produce con
centric narrowing. The addition of multi
ple views may improve accuracy to some 
extent, but even then, the problem of 
interpretation is considerable.2-S Three
dimensional magnetic resonance angiogra
phy or computed tomographic angiography 
ameliorates the problems of Single-plane 
angiography, but currently, these methods 
are not widely used for extremity arteriog
raphy. Finally, the presence of occlusive 
disease at multiple levels may make it diffi
cult to predict angiographically which 

segment is most responsible for ischemic 
symptoms.6,7 

The limitations of arteriography, together 
with the inherent invasiveness of this pro
cedure, were the stimulus for development 
of noninvasive physiologic methods for 
studying the arterial circulation of the lower 
extremities. Among the many devices and 
techniques that have been described,S those 
that employ Doppler ultrasound have been 
most widely applied and thoroughly evalu
ated. This chapter reviews Doppler and 
plethysmographic approaches to the evalu
ation of lower extremity arterial disease. The 
techniques described do not produce images 
of the arteries; hence, they are described as 
nonimaging or indirect methods. These 
techniques should not be confused with 
duplex sonography, which produces images 
of blood vessels using B-mode ultrasound. 
Duplex sonography of the lower extremities 
is discussed in Chapter 18 .  

INSTRUMENTATION 

Doppler Flowmeters 

The transmitting frequency of Doppler 
instruments used for peripheral arterial 
examinations is in the range of 2 to 10 MHz. 
Because the depth in tissue to which the 
ultrasound beam penetrates is inversely pro
portional to the transmitting frequency, 
lower frequencies are best suited for exam
ining deeply located vessels, such as those 
in the thigh. As noted in Chapter 2, the 
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Doppler effect refers to the shift in fre
quency that occurs when sound is reflected 
from a moving object. The Doppler shift 
in vascular diagnosis varies from a few 
hundred to several thousand cycles per 
second, and this signal can be amplified to 
provide an audible signal with a frequency 
(or pitch) that is directly proportional to 
blood velocity. 

The simplest Doppler instruments used in 
peripheral vascular diagnosis are pocket
sized units with the audio output presented 
through earphones or a loudspeaker. These 
are satisfactory for a rapid bedside arterial 
or venous examination. For more elabo
rate studies, a direction-sensing Doppler 
flowmeter (directional Doppler) is necessary 
to separate the forward- and reverse-flow 
components normally present in peripheral 
arteries.9 The direction of flow may be indi
cated through stereo headphones, by deflec
tions on a pair of meters, or as an analogue 
waveform on a strip chart recorder. 

Pocket-sized Doppler devices and many 
directional instruments operate in the con
tinuous-wave mode. Because these instru
ments provide no information regarding 
depth in tissue or distance from the ultra
sound source, Doppler shifts resulting from 
blood flow in superimposed vessels are 
summed in the audible or analogue output. 
However, arterial and venous signals are 
easily distinguished by their different flow 
characteristics: Venous flow produces low
frequency signals that vary with respiration, 
whereas arterial flow is associated with rel
atively high-frequency signals having pul
satile components that correspond to the 
cardiac cycle. Failure to obtain a Doppler 
signal from an artery usually indicates 
occlUSion; however, extremely low flow 
rates « 2  cm/sec) do not produce a 
detectable Doppler shift . lO 

With pulsed-wave ultrasound, it is possi
ble to detect flow at discrete pOints along 
the sound beam.l l  This technique elimi
nates the problem of superimposed signals 
and permits characterization of flow pat
terns at specific sites in tissue. Pulsed-wave 
Doppler is employed in the duplex scanner, 
which combines B-mode imaging and 
Doppler flow detection. I 2-14 Duplex scan
ning with spectral analysis of pulsed 

Doppler signals is used widely to assess cere
bral, abdominal, and extremity arteries.1S-19 
A more detailed discussion of basic princi
ples and instrumentation in Doppler ultra
sound is given in Chapters 2 and 3. 

Plethysmographs 

Plethysmographic techniques all rely on 
the measurement of volume changes in 
the extremities. Because these changes are 
primarily a result of alterations in blood 
volume, plethysmographic measurements 
can be used to assess blood flow parameters 
such as arterial pulsations and limb blood 
pressure. Most plethysmographs used in the 
noninvasive vascular laboratory measure 
volume indirectly, based on changes in limb 
Circumference, electrical impedance, or 
reflectivity of infrared light. 

The air-filled plethysmograph uses pneu
matic cuffs that are placed around the limb 
being studied and inflated to a pressure in 
the range of 10 to 65 mm Hg.20 This instru
ment is considered to be "segmental" 
because it measures only those volume 
changes in the limb segments surrounded 
by the cuffs. Enlargement of the enclosed 
limb segment with each arterial pulse com
presses the air in the cuff, and the resulting 
increase in cuff pressure is recorded by a 
pressure transducer. Although the fre
quency response of air-filled plethysmo
graphs is low (8 to 20 Hz), this method 
generally provides accurate volume pulse 
waveforms. 

Strain-gauge plethysmography uses small 
silicone rubber tubes filled with mercury or 
a liquid-metal alloy.21 This gauge is wrapped 
around the limb being studied and, as the 
encircled segment expands or contracts, the 
length of the strain gauge changes. Because 
the electric resistance of the liqUid-metal 
alloy in the gauge is proportional to its 
length, changes in limb circumference 
result in corresponding changes in the 
voltage drop across the gauge. Assuming 
that the limb resembles a cylinder, changes 
in limb circumference can be used to calcu
late changes in limb volume.22 Thus, 
changes in gauge length or resistance are 
related to variations in volume. The high-
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frequency response of strain-gauge plethys
mographs (up to 1 00 Hz) makes them par
ticularly well suited for accurate recording 
of volume pulses in the limbs.23 However, 
because they are also more sensitive and dif
ficult to use in the clinical setting, this 
approach has not been used as widely as the 
other plethysmographic techniques. 

Impedance plethysmography is based on 
the principle that the resistive impedance of 
a body segment is inversely proportional to 
its total fluid content. Therefore, changes in 
the blood volume of a limb are reflected by 
changes in electric impedance.23 The instru
mentation usually includes four electrodes: 
an outer pair to send a weak current 
through the limb and an inner pair to sense 
the voltage drop. Impedance plethysmo
graphs are relatively simple to operate, and 
the results are easy to interpret. Impedance 
plethysmography has been one of the most 
popular indirect methods for the noninva
sive diagnosis of lower extremity deep vein 
thrombosis. 

The sensor of the photoelectric plethys
mograph contains an infrared light
emitting diode and a phototransistor. When 
this sensor is placed on the limb, the 
infrared light is transmitted into the super
ficial layers of the skin and the reflected 
portion is received by the phototransistor. 
The resulting signal is proportional to the 
quantity of red blood cells in the cutaneous 
circulation.23 Although the photoelectric 
method does not measure actual volume 
changes and is therefore not a true plethys
mographic technique, the pulse waveforms 
obtained closely resemble those acquired 
with strain-gauge instruments. Photoelec
tric plethysmographs are frequently used in 
the vascular laboratory to detect blood flow 
when the application of Doppler or other 
plethysmographic techniques is especially 
difficult. For example, this technique can 
be used to detect arterial pulsations in the 
terminal portions of the digits. 

Recording Devices 

The nonimaging or indirect lower extrem
ity arterial evaluation is based primarily 
on the noninvasive measurement of sys-

tolic blood pressures, the audible character
istics of arterial Doppler signals, and ana
logue waveforms derived from the Doppler 
signal. Although it is not usually necessary, 
the Doppler signals may be recorded on 
audiotape for subsequent analysis and 
review. 

A simple device for generating an ana
logue waveform on a strip chart recorder is 
the zero crossing detector. Although this 
instrument is subject to errors and artifacts 
related to signal-to-noise ratio, amplitude 
dependency, and transient response,24 it 
provides a graphic representation of the 
Doppler signal suitable for qualitative inter
pretation. Spectral analysis and color flow 
imaging, as discussed in Chapter 3, are alter
native methods for Doppler signal process
ing that overcome the inherent limitations 
of the analogue waveform. These tech
niques are usually considered part of duplex 
scanning. 

Equipment for Indirect 
Arterial Testing 

The following is a description of the com
monly used equipment for indirect lower 
extremity testing: 
1 .  The qualitative assessment of arterial 

flow patterns requires a direction-sensing 
continuous-wave Doppler device and a 
strip chart recorder coupled with a zero 
crossing detector. 

2. The measurement of segmental systolic 
blood pressures in the extremities 
requires pneumatic cuffs of appropriate 
size, a manometer to measure cuff pres
sure, and a means for detecting distal 
flow. Any continuous-wave Doppler or 
plethysmographic device can be used as 
a flow detector. The photoelectric 
plethysmograph is particularly valuable 
in situations in which low flow velocities 
or arterial wall calcification makes 
Doppler flow detection difficult. 

A standard mercury or aneroid man-
0meter is used to measure cuff pressure. 
Although cuff inflation can be accom
plished manually, the examination is 
facilitated by using a rapid cuff inflator 
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with a built-in manometer and an exter
nal air source. 

Cuff width is an important considera
tion in measurement of limb blood pres
sure.25 To minimize cuff artifact, the cuff 
width should be at least 50% greater than 
the diameter of the limb in which pres
sure is being measured. The use of 
smaller cuffs results in the recording of 
falsely high pressures. Some laboratories 
use large cuffs, 18  to 20 cm wide, for the 
thigh and , smaller, 12-cm-wide cuffs 
around the calf and ankle. The large 
thigh cuff allows only a single pressure 
measurement above the knee. An alter
native method uses four l 1-cm-wide 
cuffs placed at high-thigh (HT), above
knee (AK), below-knee (BK), and ankle 
levels. If the cuff artifact is properly 
accounted for, this technique can 
provide useful information on the distri
bution of occlusive arterial lesions in the 
lower extremity. l0,26 

3. An electronic treadmill is required for 
exercise testing of patients with symp
toms of lower limb claudication. One 
standard protocol uses a speed of 2 mph 
on a 12% grade; however, the speed and 
grade can be varied according to the 
individual limitations of each patientY 

4. The vascular laboratory should be kept 
warm enough to ensure the comfort of 
patients who must lie or walk with their 
limbs exposed during noninvasive test
ing. Cold-induced vasospasm may make 
arterial flow signals difficult to detect in 
patients with arterial occlusive disease. 
To avoid this problem, electric blankets 
are useful for keeping patients warm on 
the examining table. 

METHODS AND PHYSIOLOGIC 
BASIS FOR INDIRECT ARTERIAL 
TESTING 

Measurement of 
Arterial Pressure 

In the arterial circulation, peak systolic pres
sure is amplified as the pulse wave pro
gresses down the lower limb.28 This 
amplification is a result of reflected waves 

originating from the relatively high periph
eral resistance and differences in compli
ance between the central and peripheral 
arteries. Thus, the systolic pressure mea
sured at the ankle is normally higher than 
that in the upper arm. However, the dias
tolic and mean pressures gradually decrease 
as the pulse wave moves distally. 

Diastolic pressure in the lower limb is 
reduced only in the presence of severe prox
imal stenosis, but the peak systolic pressure 
decreases with lesser degrees of disease.29 
Therefore, determination of systolic blood 
pressure is the most reliable pressure param
eter for diagnosis of arterial narrowing. Nor
mally, the mean pressure drop along the 
main arteries of the limb is minimal. The 
term critical stenosis has been used to 
describe the degree of narrowing that pro
duces a significant drop in distal pressure or 
flow.30 In the resting state, distal pressure is 
reduced by stenoses that decrease luminal 
diameter by about 50% or more. Because 
the critical stenosis value is flow dependent, 
lesser degrees of narrowing may be detected 
by increasing flow with exercise or reactive 
hyperemia. 

It should be emphasized that blood pres
sure and flow are not necessarily altered to 
the same extent by arterial occlusive disease. 
Resting calf blood flow in patients with 
intermittent claudication seldom differs sig
nificantly from that measured in normal 
individuals.31 Normal flow can be main
tained distal to arterial stenoses by a com
pensatory decrease in peripheral resistance, 
which results in a lowered peripheral 
pressure. 

Ankle Pressure 

The systolic pressure at any level of the 
lower extremity can be measured by posi
tioning a pneumatic cuff at the desired site. 
Any patent artery distal to the cuff that is 
accessible to Doppler ultrasound can be 
used for flow detection, but the posterior 
tibial (PT) and dorsalis pedis (DP) arteries 
are usually most convenient. When the cuff 
is inflated to above systolic pressure, the 
arterial flow signal disappears. As cuff pres
sure is gradually lowered to slightly below 
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systolic pressure, the flow signal reappears, 
and the pressure at which flow resumes is 
recorded as the systolic pressure. It is im
portant to recognize that the level of pres
sure measurement is determined by cuff 
position and not by the site of Doppler flow 
detection. 

In general, measurement of ankle systolic 
pressure is the most valuable physiologic 
test for assessing the arterial circulation in 
the lower limb. If the pressure measured by 
a cuff placed just above the malleoli is less 
than that of the upper arm, proximal occlu
sive disease in the arteries to the lower limb 
is invariably present.21 ,32,33 In addition, the 
degree of reduction in ankle systolic pres
sure is proportional to the severity of arte
rial obstruction.33 Patients with severe 
arterial occlusive disease and ischemic rest 
pain usually have ankle systolic pressures 
below 40 mm Hg. Occlusive lesions in the 
small arteries distal to the ankle cannot be 
detected by this method. 

Ankle-Brachial Index 

Because the ankle systolic pressure varies 
with the central aortic pressure, it is desir
able to compare each ankle pressure mea
surement with the simultaneous aortic 
pressure. The brachial systolic pressure 
measured by an upper arm cuff is essentially 
equal to central aortic pressure, assuming 
the subclavian and axillary arteries are not 
obstructed. The ratio of ankle systolic pres
sure to brachial systolic pressure is called the 
ankle-brachial index or AB!. (Alternative but 
equivalent terms are ankle-pressure index and 
ankle-arm index.) The use of this index com
pensates for variation in central perfusion 
pressure and allows for direct comparison of 
serial tests.32 

In the absence of proximal arterial occlu
sive disease, the ankle-brachial index is 
greater than 1 .0, with a mean value of 1 . 1 1  
± 0.10.34 However, because of variability 
related to this pressure measurement tech
nique, values greater than 0.90 are typically 
interpreted as normal. Although the ankle
brachial index does not discriminate among 
occlusions at various levels, in general, 
limbs with single-level occlusions have 

indexes greater than 0.5, and limbs with 
lesions at multiple levels have indexes less 
than 0.5 .33 

The ankle-brachial index provides a 
general guide to the degree of functional 
disability in the lower extremity. In limbs 
with intermittent claudication, the ankle
brachial index ranges from about 0.2 to 1 .0, 
with a mean value of 0.59 ± 0 . 15 .34 This 
rather wide range is explained by differing 
levels of physical activity and pain tolerance 
among individuals. The ankle-brachial 
index in limbs with ischemic rest pain 
ranges from 0 to 0.65, with a mean of 0.26 
± 0.13 .  Limbs with impending gangrene 
tend to have the lowest ankle pressures, 
with a mean ankle-brachial index of 0.05 ± 
0.08. Many limbs with impending gangrene 
or ischemic ulceration have absent Doppler 
flow signals at the ankle level. Although the 
ankle-brachial index reflects the overall 
severity of arterial occlusive disease in the 
lower extremity, it is clear that there is con
siderable overlap among values from 
patients with different clinical presenta
tions. Therefore, the ankle pressure index 
must be combined with other clinical 
information to determine the functional 
status of each patient. 

Segmental Pressures in 
the Lower Extremity 

The ankle-brachial index cannot determine 
the location of proximal arterial leSiOns, nor 
does it indicate the relative significance of 
lesions at multiple levels. Some of this infor
mation may be obtained by measuring the 
systolic pressure at various levels in limbs 
exhibiting an abnormal ankle pressure.21 In 
the procedure described here, four pneu
matic cuffs, 83 em long and 1 1  cm wide, 
with 41-cm-Iong inflatable bladders, are 
used on each leg. The cuffs are applied at 
HT, AK, BK, and ankle levels. Systolic pres
sure is determined at each level using the 
Doppler technique outlined previously. The 
Doppler probe can be placed over the PT or 
DP arteries for all measurements (Fig. 15-1).  

The systolic pressure in the proximal 
thigh, as measured by the four cuff method, 
normally exceeds brachial systolic pressure 
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SECTION 11/ Extremity Arteries 

I I 

FIGURE 1 5-1 . Cuffs are applied at high·thigh, above· knee, below· knee, and ankle levels for measurement of 
segmental pressures. 

by 30 to 40 mm Hg. Direct intra-arterial 
pressure measurements have shown that 
the actual pressures in the brachial and 
common femoral arteries are identical in 
normal individuals;35 however, the use of a 
relatively small cuff on the thigh results in 
a significant cuff artifact. The ratio of HT 
systolic pressure to brachial systolic pressure 
(thigh-brachial index) is normally greater 
than 1 .2.36 An index between 0.8 and 1 .2 
suggests aortoiliac stenosis, whereas an 
index less than 0.8 is consistent with com
plete iliac occlusion. Although the thigh
brachial index usually reflects iliac inflow to 
the common femoral artery, the combina
tion of superficial femoral occlusion and 
profunda femoris stenosis also may result in 
reduced HT pressure. 

The difference in systolic pressure be
tween any two adjacent levels in the same 
leg should be less than 20 mm Hg in normal 
individuals.21 Gradients in excess of 20 mm 
Hg usually indicate hemodynamically sig
nificant occlusive disease in the intervening 
arterial segment: An HT-AK gradient reflects 
superficial femoral disease; an AK-BK gradi
ent reflects popliteal disease; and a BK-ankle 
gradient reflects disease in the tibial and 
peroneal arteries.lO In addition to vertical 
gradients down a single leg, the horizontal 
gradients between corresponding segments 
of the two legs may also suggest the pres-

ence of occlusive lesions. The systolic pres
sures measured at the same level in both 
legs normally should not differ by more 
than 20 mm Hg. 

Although measurement of segmental 
pressure gradients is still performed in many 
vascular laboratories, it provides only 
general information about the location and 
hemodynamic significance of arterial occlu
sive lesions. If more specific anatomic detail 
is required for clinical decision-making, 
direct imaging techniques such as duplex 
scanning must be used. 

Toe Pressure 

Measurement of toe pressure can be used to 
identify obstructive disease involving the 
pedal arch and digital arteries that does not 
produce changes in the ankle systolic pres
sure. Toe pressure is also valuable when the 
ankle pressure is found to be spuriously 
high because of arterial calcification. 
Because of the smaller size and lower flow 
rates of digital arteries, flow detection by 
Doppler methods is usually difficult. In this 
situation, a photoelectric plethysmograph is 
especially useful. 

The ratio of toe systolic pressure to 
brachial systolic pressure (toe-brachial 
index) ranges from 0.80 to 0.90 in normal 
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CHAPTER 1 5  Assessment of Lower Extremity Arterial Occlusive Disease 12811 
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individuals. 37 The mean toe-brachial index 
is 0.35 ± 0. 15  in patients with intermittent 
claudication and 0. 1 1  ± 0.10 in patients 
with rest pain or ischemic ulceration.38 
There appears to be no significant difference 
in mean toe-brachial indexes between dia
betic and nondiabetic patients. 

Exercise and Reactive 
Hyperemia Testing 

Lower extremity exercise and reactive 
hyperemia both increase limb blood flow 
by causing vasodilatation of peripheral 
resistance vessels. In limbs with normal 
arteries} this increased flow occurs with 
little or no decrease in ankle systolic pres
sure. When occlusive lesions are present in 
the main lower limb arteries} blood is 
diverted through high-reSistance collateral 
pathways. Although the collateral circula
tion may provide adequate flow to the 
resting extremity with only a modest re
duction in ankle pressure} the capability of 
collateral vessels to increase flow during 
exercise is limited. Pressure gradients} which 
are minimal at rest} may be accentuated 
when flow rates are increased by exercise. 
Thus} stress testing provides a method for 
detecting less severe degrees of arterial 
disease. 

Treadmill Exercise 

Standard treadmill walking exercise at 
2 mph on a 12% grade is a simple way to 
stress the lower limb circulationY Treadmill 
testing is advantageous because it simulates 
the activity that produces the patienes 
symptoms and determines the degree of dis
ability under controlled physiologic con
ditions. lt also permits an assessment of 
nonvascular factors that may affect per
formance} such as musculoskeletal or car
diopubnonary disease. The ability to 
perform treadmill exercise is limited} 
however} by patient effort} motivation} and 
pain tolerance. 

Walking on the treadmill is continued for 
5 minutes or until symptoms occur and the 
patient is forced to stop. The walking time 

and nature of any symptoms are recorded} 
and the ankle and arm systolic pressures are 
measured before and immediately after 
exercise. Two components of the response 
to exercise are evaluated: ( 1 )  the magnitude 
of the immediate decrease in ankle systolic 
pressure; and (2) the time for recovery to 
resting pressure. Changes in both these 
parameters are proportional to the severity 
of arterial occlusive disease. 

A normal response to treadmill exercise is 
a slight increase or no change in the ankle 
systolic pressure compared with the resting 
value (Fig. 15-2). If the ankle pressure is 
decreased immediately after exercise} the 
test is considered positive and repeated 
measurements are taken at 1- to 2-minute 
intervals for up to 10 minutes or until the 
pressure returns to pre-exercise levels. When 
a patient is forced to stop walking because 
of symptomatic arterial occlusive disease} 
the ankle systolic pressure in the affected 
limb is usually less than 60 mm Hg. If symp
toms occur without a significant fall in the 
ankle pressure} a nonvascular cause of leg 
pain must be considered. 

The postexerCise ankle pressure changes 
in patients with symptomatiC arterial 
disease can be divided into three groupS.33 
Ankle pressures that fall to low or unrecord
able levels immediately after exercise and 
then rise toward resting values in 2 to 6 
minutes suggest occlusion or stenosis at a 
single level} such as the superficial femoral 
artery. When ankle pressures remain 
decreased or unrecordable for up to 12  
minutes} lesions involving multiple arterial 
levels are almost always present. Rarely} this 
pattern may occur with an isolated iliac 
artery occlusion. In patients with ischemic 
rest pain} postexercise ankle pressures may 
remain unrecordable for 1 5  minutes or 
more. 

Reactive Hyperemia Testing 

Reactive hyperemia testing is an alternate 
method for stressing the peripheral circula
tion.39 Inflating a pneumatic cuff at thigh 
level to suprasystolic pressure for 3 to 5 
minutes produces ischemia and vasodilata
tion distal to the cuff. The changes in ankle 
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pressure that occur on release of cuff occlu
sion are similar to those observed in the 
treadmill exercise test. However, although 
normal limbs do not show a drop in ankle 
systolic pressure after treadmill exercise, a 
transient drop does occur with reactive 
hyperemia.4o This decrease in ankle pressure 
is in the range of 1 7% to 34%.40 In patients 
with arterial disease, there is a good corre
lation between the maximum pressure drop 
with reactive hyperemia and the maximum 
pressure drop after treadmill exercise. 
However, there may be considerable overlap 
in the ankle pressure response to reactive 
hyperemia among normal subjects and 
patients with arterial disease.41 Patients with 
single-level arterial disease show less than a 
50% drop in ankle pressure with reactive 
hyperemia, whereas patients with multiple
level arterial disease show a pressure drop 
greater than 50%.40 Reactive hyperemia 
testing is useful for those patients who 
cannot walk on the treadmill because of 
amputations or other physical disabilities. 
Treadmill exercise is generally preferred over 
reactive hyperemia testing, because the 
former produces a physiologic stress that 
accurately reproduces a patient's ischemic 
symptoms. 

I 
7 

I 
8 

I I 
9 1 0  

FIGURE 1 5-2. Ankle systolic 
pressure values are shown for 
eight normal subjects after 
walking on the treadmill for 5 
minutes at 2 mph on a 12% 
grade. In each case, the ankle 
pressure either remained at the 
pre-exercise level or increased 
slightly. (From Strandness DE: 
Abnormal exercise responses 
after successful reconstructive 
arterial surgery. Surgery 59:326, 
1966.) 

Doppler Signal 
Waveform Analysis 

Qualitative analysis of the arterial flow 
pattern can be performed by simply lis
tening to the Doppler audio output. An 
experienced examiner learns to recognize 
the high-pitched, harsh character and the 
changes in phasic components of the 
Doppler signal that are associated with 
stenoses. A graphiC display of the velocity 
waveform permits more objective analysis. 
The previously described zero crossing 
detector is a convenient method for gener
ating analogue waveforms on a strip chart 
recorder, and the output of this device 
closely resembles that of an electromagnetic 
flowmeter (Fig. 15-3) .  

The Arterial Analogue Waveform 

The flow pattern in the main arteries of 
the lower extremity normally has three 
components or phases during each cardiac 
cycle. The first phase has the highest 
Doppler frequency and is the large, forward 
flow velocity peak produced by cardiac 
systole. This is followed by a second, brief 
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FIGURE 1 5-3. Comparison of electromagnetic and 
Doppler flow tracings obtained from the carotid artery 
of a dog shows their similarity. (From Strandness DE, 
Sumner DS: Hemodynamics for Surgeons. New York, 
Grune & Stratton, 1975, p 41.) 

phase of flow reversal in early diastole and 
a third, low-frequency phase of forward 
flow in late diastole (Fig. 1 5-4). This tripha
sic flow pattern is modified by various 
factors, one of the most important being 
peripheral vascular resistance. For example, 
body heating, which causes vasodilation 
and decreased resistance, abolishes the 
second phase of flow reversal; the opposite 
occurs with vasoconstriction on exposure to 
cold. 

Normal 

]J\J\JLAJL ��v V V 
Stenotic i l iac u 

Q) r:}[\MN\ry\ 
> 

Occluded i l iac 

FIGURE 1 5-4. Velocity patterns obtained with a direc
tional Doppler flowmeter from the femoral artery of a 
normal subject, a patient with a stenotic external iliac 
artery, and a patient with an occluded common iliac 
artery. The triphasic pattern in the normal artery 
includes a brief phase of flow reversal. Flow velocity is 
proportional to Doppler frequency. (From Strandness 
DE, Sumner DS: Hemodynamics for Surgeons. New 
York, Grune & Stratton, 1975, p 257.) 

When a waveform is obtained from an 
arterial site distal to a stenosis or occlusion, 
a single, forward velocity component is 
observed, with flow remaining above the 
zero baseline throughout the cardiac cycle. 
The peak systolic frequency is lower than 
normal, and the waveform becomes flat and 
rounded (see Fig. 1 5-4). These changes 
result from decreased velocity of flow and 
from the compensatory fall in peripheral 
resistance that occurs in limbs with arterial 
occlusive disease. 

If the Doppler probe is placed directly over 
a stenotic lesion, the signal has an abnor
mally high peak systolic frequency. This 
reflects the increased flow velocity in the 
stenotic segment. The character of Doppler 
signals obtained proximal to an arterial 
obstruction depends on the capability of 
the collateral circulation. If there are well
developed collaterals between the Doppler 
probe and the point of obstruction, the 
waveform may be relatively normal. The 
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SECTION 11/ Extremity Arteries 

flow signal obtained immediately proximal 
to an obstruction, when there is no collat
eral outflow, has a harsh quality and has 
been described as a "thumping" sound.42 
Failure to obtain a flow signal over a vessel 
indicates occlusion or, rarely, a flow veloc
ity too low to produce a detectable Doppler 
frequency shift. 

Parameters Derived from the 
Velocity Waveform 

Because the magnitude of the Doppler shift 
is directly proportional to the cosine of 
the beam-to-vessel angle, 8, as discussed in 
Chapter 3, a direct quantitative analysis 
of the velocity waveform requires a value 
for this angle. Accurate measurement of 
the beam-to-vessel angle is difficult with 
simple, hand-held Doppler equipment; 
however, quantitative data can still be 
obtained by using ratios of Doppler shifts 
that are independent of the beam-to-vessel 
angle. 

One such ratio is the pulsatility index (PI), 
which is calculated by dividing the peak-to
peak frequency difference by the mean fre
quency. Measurements for calculating PI 
can be based on either analogue waveforms 
or the output of a spectrum analyzer. The 
use of analogue waveforms has been criti
cized on the grounds that they may contain 
errors and artifacts.24 Nonetheless, there is a 
close correlation between reduction in PI 
and the severity of arterial occlusive disease 
as assessed by arteriography and ankle pres-

sure measurementY The PI of the normal 
common femoral artery has a mean value of 
6.7 .  More distally, the PI increases to 8 in 
the popliteal and 14. 1 in the PT artery. 44 
These values decrease in the presence of 
proximal occlusive lesions. In a study that 
compared common femoral artery PI with 
intra-arterial pressure measurement, a PI 
value greater than or equal to 4 was highly 
predictive of a hemodynamically normal 
aortoiliac segment.45 The predictive value of 
a PI less than 4 depended on the condition 
of the superficial femoral artery. When the 
superficial femoral artery was patent, a PI 
less than 4 indicated a hemodynamically 
significant aortoiliac lesion, but a low PI 
value with an occluded superficial femoral 
artery was not diagnostic. 

Another approach to velocity waveform 
analysis is the Laplace transform (LT) 
method.46,47 For LT analysis, the waveform 
shape is expressed mathematically by a 
curve-fitting technique, and a damping 
coefficient that indicates lumen size is cal
culated. A comparison of common femoral 
artery PI and LT damping values indicated 
that the LT method was more sensitive in 
the detection of iliac artery stenoses.46 Fur
thermore, the LT damping results were not 
affected by the presence or absence of occlu
sive disease in the superficial femoral artery. 
Thus, LT damping would be a more useful 
diagnostic test than PI in patients with mul
tiple-level arterial occlusive disease. 

A summary of the measurements and 
indexes used in lower extremity arterial 
diagnosis is given in Table I S-I . 

Table 1 5-1 . Summary of Measurements and Indexes for Assessment of Lower Extremity 
Arterial Disease 

Parameter 

Ankle systolic pressure 
Ankle-brachial  i ndex 
High-th igh systolic 

pressure 
Th igh-brachial i ndex 
Segmental  pressure 

grad ients 
Toe systolic pressure 
Trea d m i l l  exercise test 

Interpretation 

Norma l ly exceeds brachi a l  systol i c  pressure by about 1 0% 

Norma l l y  > 1 .0 (va l ues >0.90 typica l l y  i n terpreted as normal )  
Norma lly 30-40 mm H g  > brac h i a l  systol ic pressu re 

Normal ly > 1 .2 

Norm a l l y  <20 mm H g  between adjacent levels on t he same leg or the same 
l evels on the two legs 

Norma l l y  80%-90% of brac h i a l  systolic pressure 
Normal walking t i m e  5 min without symptoms or drop in a n kle systolic 

pressure (2 mph,  1 2% grade) 
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Plethysmographic Pulse Forms 

Finger Calf Toe 

FIGURE 1 5-5. Normal plethysmographic volume 
pulses. Vertical bars indicate a 0.05% volume change. 
The dicrotic notch can be seen best on the downslope 
of the finger volume pulse. (From Strandness DE, 
Sumner DS: Hemodynamics for Surgeons. New York, 
Grune & Stratton, 1975, p 227.) 

Plethysmographic Assessment 
of Arterial Flow 

Pulse Plethysmography 

The soft tissues of the extremities expand 
and contract as blood moves through them 
with each cardiac cycle. By using a plethys
mograph, these changes can be detected as 
a volume pulse (Fig. 15-5) . Tissue volume 
initially increases during systole when arte
rial inflow exceeds venous outflow. The 
volume of the part decreases during diastole 
as inflow diminishes and outflow predomi
nates. There is often a brief period of retro
grade flow in the peripheral arteries during 
early diastole, and this flow reversal pro
duces the dicrotic notch on the downslope 
of the volume pulse. 

Although segmental plethysmography of 
the limbs can be performed with either air
filled or strain-gauge instruments, the air
filled method has been most popular.20 As 
shown in FigUre 15-6, the normal volume 
pulse rises rapidly to a sharp peak during 
systole and falls more slowly in diastole. The 

FIGURE 1 5-6. Normal and ab
normal lower extremity volume 
pulse waveforms. 

Normal 

downslope of the normal volume pulse is 
bowed toward the baseline and includes 
the dicrotic notch mentioned earlier. With 
proximal arterial occlusive disease, one of 
the earliest changes in the volume pulse is 
loss of the dicrotic notch. When the proxi
mal disease is more severe, the systolic rise 
becomes slower, the peak is delayed with a 
flat or rounded shape, and the downslope is 
bowed away from the baseline (see Fig. 
1 5-6). Because segmental pressure measure
ments are more easily obtained than seg
mental plethysmographic measurements, 
the latter are not widely used in the routine 
noninvasive evaluation of the extremities. 
Segmental volume pulses may be valuable, 
however, when pressure measurements are 
artifactually elevated because of medial 
calcification. 

LOWER EXTREMITY 
ARTERIAL EXAMINATION 

The sequence of noninvasive tests most 
commonly used in the routine indirect 
lower extremity arterial examination can be 
summarized as follows: 
1 .  Measurement of bilateral ankle pres

sures (DP and PT) and brachial pressures 
at rest 

2. Calculation of ankle-brachial indexes 
3. Segmental pressure gradients if ankle 

pressures are abnormal 
4. Common femoral artery velocity wave

forms at rest 
5 .  Treadmill exercise or reactive hyperemia 

testing with repeat common femoral 
artery velocity waveforms and serial 
ankle pressure measurements 

Abnormal 
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6. Special studies to be used in selected 
patients 
a. Toe pressures 
b. Plethysmography (digital or seg

mental) 
c. Duplex scanning 

The examination begins with a brief 
history and physical examination empha
sizing the symptoms and signs of peripheral 
vascular disease. The status of palpable 
peripheral pulses, the location of bruits, and 
the presence of ischemic skin lesions are 
noted. If a significant degree of cardiac or 
pulmonary disease is present, the patient's 
ability to perform treadmill exercise must be 
determined. 

Any continuous-wave Doppler device is 
satisfactory for measuring ankle or segmen
tal limb pressures. Initially, ankle systolic 
pressure should be measured in both the 
DP and PT arteries (Fig. 15-7). Bilateral 
brachial pressures are also measured using 
the same Doppler technique. The ankle
brachial index for each leg is calculated by 
dividing the highest ankle pressure by the 
highest brachial pressure. When the ankle
brachial index is normal, measurement of 
segmental pressure gradients is not neces
sary. In limbs with severe arterial disease 
and no detectable flow signals at the ankle, 

, 

thigh pressures often can be obtained by 
using the popliteal artery flow signal. As 
mentioned previously, segmental limb pres
sures do not provide precise anatomic detail 
on the location and severity of arterial 
lesions. For those patients who are being 
considered for invasive arterial procedures, 
direct imaging by duplex scanning can be 
useful for planning therapy by either 
catheter-based interventions or open arte
rial surgery. This approach is discussed in 
Chapter 18. 

Analogue waveforms are usually recorded 
with a direction-sensing continuous-wave 
Doppler and a strip chart recorder incor
porating a zero crossing detector. The 
Doppler angle is adjusted by visual inspec
tion of the waveform to minimize noise and 
artifact. Although waveforms can be 
obtained from any site with a Doppler 
Signal, only the common femoral artery 
waveform is routinely recorded in most 
cases. This waveform is helpful in detecting 
proximal aortoiliac occlusive lesions. It is 
valuable to record the common femoral 
artery waveforms both before and immedi
ately after treadmill exercise or reactive 
hyperemia testing, because some less severe 
lesions are apparent only at increased flow 
rates. 

FIGURE 1 5-7. To measure ankle systolic pressures, the Doppler probe is positioned over the left posterior tibial 
artery. 
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Stress testing with treadmill exercise or 
reactive hyperemia can be tolerated by most 
patients who do not have ischemic rest 
pain. As previously stated, the treadmill test 
is preferred because it is a more physiologic 
form of stress. The speed and grade of the 
electronic treadmill can be varied to suit the 
individual patient, but the standard test is 
done at 2 mph and a 12% grade. It is con
venient to have the patient wear ankle cuffs 
and an arm cuff while walking on the tread
mill (Fig. 1 5-8) . Immediately after cessation 
of exercise, the patient returns to the exam
ining table, and ankle and arm pressures are 
measured. Serial ankle pressure measure
ments are then made at about I -minute 
intervals for up to 10 minutes or until they 
return to pre-exercise values. An automatic 
cuff inflator facilitates this rapid sequence of 
measurements. A worksheet for recording 
the noninvasive test results is shown in 
Figure 15-9. 

Additional studies, such as plethysmogra
phy or measurement of toe pressures, are of 
value only in selected clinical circum
stances. Toe pressures can be used to detect 

FIGURE 1 5-8. Ankle cuffs and one arm cuff are in place 
to facilitate postexercise pressure measurements in the 
treadmill stress test. 

occlusive lesions between the level of the 
ankle and the digital arteries. Duplex scan
ning is indicated when detailed information 
on the location and severity of lesions is 
desired without resorting to arteriography. 
Duplex methods are described in detail in 
Chapter 18.  

SOURCES OF ERROR 

Technical and 
Physiologic Variability 

The variability in measurements of arterial 
pressure results from biologic and technical 
factors. The ankle-brachial index and other 
ratios that relate peripheral and central arte
rial pressures compensate for changes in 
central pressure, thus avoiding a major 
source of biologic variation. Because of vari
ability related to technique, changes in 
ankle-brachial index must be 0 .15  or greater 
to be considered significant.48 

Incompressible Vessels 

Accurate measurements of arterial pressure 
using pneumatic cuffs require that cuff pres
sure be transmitted through the arterial wall 
to the flow stream. The presence of medial 
calcification in the arterial wall results in 
varying degrees of incompressibility and 
recording of falsely high pressures.21 Occa
Sionally, it may be impossible to eliminate 
the distal flow signal, even with maximal 
cuff inflation pressures. When this situation 
is encountered, the main arteries are usually 
patent, because collateral vessels are more 
easily obliterated by the cuff. 

Diabetic patients are particularly prone 
to medial calcification, and artifactual ele
vation of leg pressures must always be 
considered in this group. In approximately 
S% to 10% of diabetic patients, ankle 
pressures cannot be measured because of 
incompressible vessels.49 In these patients, 
toe pressure measurement is a more reli
able method for assessing the severity of 
arterial occlusive disease because the digital 
vessels are not usually affected by medial 
calcification. 
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VETERANS ADMINISTRATION MEDICAL CENTER 
Peripheral Vascular Service 

INVESTIGATIONS-Lower Limb 

Pressures (mm Hg) 
Resting: Brachial D.P. P. T. 

Right x 1 70 97 1 00 
Left 0 1 68 1 85 1 85 

Treadmill-Speed: 2 mph Gradient: 12% 

200 
Noted R calf pain 1 80 
at 4 minutes 

1 60 
Stopped at 2 minutes 1 40 

240 

1 85 

B.K. 
1 1 8  
1 92 

1 90 

AX H. T. 
1 40 204 
1 98 2 1 0  

and 4 5  seconds 
1 20 A Brachial 225 at 1 minute 

FIGURE 1 5-9. Worksheet for 
recording test results. D.P. and 
P. T. refer to the ankle pressures 
obtained with the Doppler 
probe over the dorsalis pedis 
and posterior tibial arteries, 
respectively. A.K., above-knee; 
BX, below-knee; H.T., high
thigh. 

Pressure-mm Hg 
1 00 x 1 00 

80 
60 
40 50 

20 36 

0 5 
Minutes 

Resting index A 1 00/170 = 0.59 
L 1 85/1 70 = 1 .09 

Postexercise A 361225 = 0. 1 6  
L 240/225 = 1 .07 

Reactive hyperemia 

Cuff Artifact 

As previously mentioned, cuff width should 
be at least 50% greater than limb diameter 
for accurate pressure measurement. The use 
of smaller cuffs results in falsely elevated 
pressure readings, particularly in obese 
patients. In most patients, the magnitude of 
the cuff artifact can be anticipated, and rel
atively narrow thigh cuffs can be success
fully used to measure segmental pressure 
gradients. 

In theory, the pressure obtained with a 
pneumatic cuff on the proximal thigh 
should reflect the status of the aortoiliac 
segment. When the proximal thigh pressure 
is measured with a relatively narrow cuff, 

85 98 
75 

1 0  

the systolic pressure normally exceeds the 
brachial systolic pressure by a cuff artifact of 
30 to 40 mm Hg, and the thigh-brachial 
index is greater than 1 .2.36 Patients with 
decreased thigh-brachial indexes would be 
expected to have significant aortoiliac 
disease; however, the presence of superficial 
femoral and profunda femoris artery disease 
can also result in a decreased thigh-brachial 
index, even when the aortoiliac segment 
is hemodynamically normal. The main 
problem with this indirect assessment of 
aortoiliac or inflow disease is with the prac
tical difficulty of measuring proximal thigh 
pressures accurately. When this situation is 
suspected, other methods such as segmen
tal plethysmography, common femoral 
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artery Doppler waveform analysis, or duplex 
scanning should be used. 

Other Sources of Error 

In limbs with severe arterial occlusive 
disease and low flow rates, Doppler signals 
may be unobtainable, even when the arter
ies are patent. Plethysmographic techniques 
may provide useful information in these 
cases. When very weak Doppler signals are 
detected, it may be difficult to distinguish 
between arterial and venous flow. A direc
tion-sensing Doppler device is useful in this 
situation. In addition, venous signals are 
augmented with distal limb compression, 
whereas arterial signals either remain the 
same or diminish. 

The pressure gradients between adjacent 
limb segments may be increased in 
markedly hypertensive patients. On the 
other extreme, segmental pressure gradients 
may be decreased when cardiac output is 
10w.sO When the collateral vessels bypassing 
an arterial obstruction are unusually large 
and efficient, the corresponding segmental 
gradient may be normal. If this is the case, 
a significant gradient should become appar
ent after treadmill exercise. 

Arterial occlusive lesions distal to the 
ankle are not detected by the routine lower 
extremity evaluation, because the ankle 
is the most distal site of pressure mea
surement. Lesions involving the plantar or 
digital arteries, such as vasculitis and 
microembolism, may be identified by toe 
pressure measurement and digital plethys
mography. 

CLINICAL APPLICATIONS 
OF NONINVASIVE 
ARTERIAL TESTING 

The goals of the lower extremity arterial 
evaluation are to confirm the diagnosis of 
arterial occlusive disease, indicate the loca
tion of any obstructing lesions, and quan
tify the resulting degree of disability. 
Various conditions produce signs and symp
toms in the legs that may be confused with 

arterial occlusive disease (e.g., claudication, 
rest pain). These include osteoarthritis (hip, 
knee), neurospinal disease (lumbar disk, 
spinal stenosiS), nocturnal muscle cramps, 
peripheral neuropathy (diabetes mellitis), 
reflex sympathetic dystrophy (causalgia), 
deep vein thrombosis (venous claudica
tion), cellulitis, and trauma. Furthermore, it 
is not unusual for a patient to have multi
ple causes for leg pain, and it may be diffi
cult to determine which is most responsible 
for a patient's symptoms. The measure
ments of arterial pressure and flow patterns 
described in this chapter can be applied to 
both the initial evaluation and subsequent 
follow-up of patients with arterial occlusive 
disease. 

Initial Evaluation 

In the evaluation of any patient with signs 
or symptoms that suggest arterial occlusive 
disease, two questions must be answered: 
(1 )  Is arterial occlusion present? and (2) Is 
arterial occlusion causing the patient's 
symptoms? For the lower extremity, record
ing of ankle-brachial indexes, segmental 
pressure gradients, Doppler velocity wave
forms, and the response to treadmill exer
cise or reactive hyperemia will answer these 
questions in most patients. 

The finding of a normal ankle-brachial 
index at rest and a normal response to 
treadmill exercise essentially rules out any 
significant lower extremity arterial occlusive 
disease. Some patients have a decreased 
ankle-brachial index at rest and symptoms 
during treadmill exercise but little or no 
ankle pressure drop after cessation of exer
cise. This finding suggests that, although 
arterial disease is present, it is not produc
ing the symptoms in question and another 
cause of leg pain should be considered. The 
limitations imposed by cardiac, pulmonary, 
and musculoskeletal conditions are directly 
observed during exercise testing, allowing 
these factors to be considered in the overall 
management of the patient. 

For those patients who reqUire only 
medical management for lower extremity 
arterial occlusive disease (Le.,  an exercise 
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program, risk factor management, anti
platelet agents, and drug therapy for inter
mittent claudication), the nonimaging 
physiologic tests are ideally suited for both 
initial evaluation and follow-up. However, 
those patients who will require invasive 
arterial procedures based on their clinical 
presentation and physiologic test results 
should be evaluated with duplex scanning 
(Chapter 18). The more detailed anatomic 
information provided by lower extremity 
arterial duplex scanning can be valuable in 
planning of interventions. 

Follow-Up Testing 

Noninvasive testing is a convenient and 
practical means for serial follow-up of 
patients after their initial evaluation. Evi
dence of disease progression or improve
ment may be observed, and the results of 
medical or surgical therapy can be docu
mented objectively. 

In patients who have had a successful arte
rial intervention for lower extremity occlu
sive disease, ankle pressures and appropriate 
segmental pressure gradients should be 
significantly improved compared with the 
preoperative values.51 If a single level of 
disease was present preoperatively, success-

ful bypass grafting or endarterectomy 
should result in normal or near-normal 
ankle pressures. Failure of ankle pressures to 
improve immediately following surgery sug
gests either a problem related to surgical 
technique or the selection of an inappropri
ate reconstructive procedure. 52 Deteriora
tion of noninvasive measurements later in 
the postoperative period may reflect either 
structural changes occurring in the recon
structed segment or progression of occlusive 
disease at other sites.53,54 Serial postoperative 
follow-up is deSirable, because early identi
fication and repair of a failing arterial recon
struction results in the greatest chance of 
maintaining patency. This subject is dis
cussed further in Chapter 19.  

Patients whose condition is improved 
after intervention but whose conditions 
still have not returned to normal may 
have their status documented by non
invasive testing. For example, a patient 
may show a significant improvement in 
treadmill walking time after arterial re
construction despite a persistent drop in 
ankle pressure. This observation is common 
in patients with arterial occlusive disease 
at multiple levels who have only one 
level corrected; the abnormal hemody
namic response then reflects the remain
ing untreated disease. Figure 15-10 shows 

Baseline levels before exercise 
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Minutes after exercise 

FIGURE 1 5-1 0. Ankle pressure response to treadmill exercise before and after an aortofemoral bypass graft in a 
patient with bilateral superficial femoral artery stenoses. The postoperative exercise test shows some improvement 
in walking time but remains abnormal (dashed lines, left ankle; solid lines, right ankle) . (From Strandness DE: Abnor
mal exercise responses after successful reconstructive arterial surgery. Surgery 59:328, 1966.) 
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the ankle pressure changes recorded before 
and after an aortofemoral bypass graft in 
a patient who also has stenoses in both 
superficial femoral arteries. Although the . 
treadmill walking time improved, an ab
normal ankle pressure response is still 
present. 

Specific Clinical Problems 

Claudication 

The term intermittent claudication refers to a 
muscular ache or cramp that occurs during 
exercise and is relieved by rest. It results 
from inadequate blood flow to muscle 
during exercise and is a definite, repro
ducible symptom. Claudication usually 
involves the calf, but the thigh or buttock 
may also be affected when arterial occlu
sions reduce blood flow to those areas. Arte
riosclerosis obliterans (atherosclerosis) is 
the most common cause of claudication; 
popliteal artery entrapment must be con
sidered when claudication occurs in young 
adults or children.55,56 

When the characteristic symptoms are 
produced by treadmill exercise in associa
tion with a drop in ankle pressure to less 
than about 60 mm Hg, the clinical impres
sion of intermittent claudication is con
firmed. The walking time documents the 
extent of disability and serves as a baseline 
for subsequent follow-up. Segmental pres
sure gradients or plethysmography can be 
used to determine the approximate location 
of arterial occlusive lesions. More detailed 
information on the location and severity 
of the lesions can be obtained by duplex 
scanning. 

Rest Pain 

Ischemic rest pain develops in the toes or 
forefoot when blood flow is insufficient to 
maintain normal cellular function at rest. 
Noninvasive tests usually show multiple
level arterial occlusive disease with an ankle 
systolic pressure less than 40 mm Hg and an 
ankle-brachial index less than 0.35.  Tread
mill exercise or reactive hyperemia testing is 

not necessary in patients with this degree of 
abnormality. 

Healing of Ulcers and Amputations 

Noninvasive pressure measurements can be 
used to assess the probability of achieving 
primary healing in the ischemic lower 
extremity. Ischemic foot ulcers are unlikely 
to heal if ankle systolic pressure is less than 
55 mm Hg in nondiabetics or less than 
80 mm Hg in diabetics.49 The ankle pres
sures in diabetic patients may be falsely 
elevated because of medial calcification. 

Ankle pressures have not been consis
tently helpful in predicting healing of BK or 
foot amputations.8 A BK or calf pressure 
greater than 70 mm Hg correlates with 
primary healing of BK amputations, 
whereas the absence of detectable Doppler 
flow signals at the BK level predicts failure 
of healing.57 Primary healing may still be 
achieved with BK pressures less than 70 mm 
Hg, so the choice of amputation level 
should not be based on this pressure meas
urement alone. 

Because lesions in the pedal or digital 
arteries are not detected by ankle or calf 
pressure measurement, toe pressure mea
surement may be more reliable for predict
ing healing of the foot. Healing of foot 
ulcers, toe amputations, or transmetatarsal 
amputations was observed in only 5% of 
limbs when toe pressures were less than 
30 mm Hg; however, with pressures of 
30 mm Hg or greater, healing occurred in 
approximately 90% of limbs.38 

The transcutaneous oxygen tension 
(tcPoz) or amount of oxygen diffusing 
through the skin from the dermal capillar
ies can be measured with an electrode 
applied to the skin surface. This technique 
has been proposed as a method for predict
ing wound healing and determining the 
most appropriate level for amputation. 58 
Clinical experience has shown that tcPoz 
measurements are valuable for predicting 
healing at a particular level of the limb; 
however, this approach is less reliable for 
identifying those sites that fail to heal. In 
one study, successful healing of BK amputa
tions occurred in 96% of patients with a calf 
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tcPoz greater than 20 mm Hg but only in 
50% of patients with a calf tcPoz less than 
20 mm Hg.59 Refinements of this technique, 
such as use of a critical Poz index (calf/ 
brachial tcPoz ratio, foot/chest tcPoz ratio) 
or breathing supplemental oxygen, may 
improve the overall predictive value.59-61 
Estimation of skin blood flow by tcPoz may 
be more sensitive than ankle pressure meas
urements in the assessment of severe limb 
ischemia. In general, critical ischemia must 
be suspected whenever forefoot tcPoz is less 
than 40 mm Hg.6Z,63 

Predicting the Results of 
Arterial Surgery 

Noninvasive measurements of lower ex
tremity blood pressure have been used to 
predict the functional results of arterial 
reconstruction in terms of symptom relief 
and graft patency. In patients undergoing 
aortofemoral bypass procedures, a preoper
ative thigh-brachial index of 0.85 or less is 
a reliable predictor of a good postoperative 
result; however, improvement also may 
occur in many patients with a thigh
brachial index greater than 0.85.64 The pres
ence of occlusive disease limited to the 
aortoiliac arteries, as demonstrated by 
normal segmental pressure gradients in the 
leg, is also predictive of a good result after 
aortofemoral bypass grafting. A comparison 
of ankle-brachial indexes before and after 
aortofemoral bypass showed that an 
increase of 0. 1 or more during the first 12  
hours after operation correlated highly with 
subsequent symptomatic improvement.64 
The preoperative ankle-brachial index alone 
also has some predictive value.65 When the 
ankle-brachial index is greater than 0.8, 
94% of patients obtain significant symptom 
relief after aortofemoral bypass, whereas 
only 64% of patients show the same degree 
of improvement if the ankle-brachial index 
is less than 0.4. These observations indicate 
the aortofemoral bypass grafting is most 
successful in these patients with significant 
aortoiliac occlusive disease and normal 
distal arteries. 

The predictive'value of noninvasive pres
sure measurements in femoropopliteal 

bypass procedures has not been firmly 
established. An early study suggested that 
an ankle-brachial index of greater than 
0.4 predicts a high graft patency rate, 
whereas an ankle-brachial index of less 
than 0.2 is associated with early graft 
failure.66 Later reports have not confirmed 
these observations, however, and very low 
ankle pressures should not be regarded 
as a contraindication for femoropopliteal 
bypass.5z 

Predicting the Results of 
Sympathectomy 

The role of sympathectomy in the manage
ment of patients with arterial disease has " 
been controversial. Lumbar sympathectomy 
is . sometimes considered for patients with 
impending limb loss caused by severe, unre
constructable occlusive disease. In this situ
ation, ankle pressure measurements provide 
a means for selecting those patients most 
likely to benefit from the procedure.67 An 
ankle-brachial index greater than 0.35 pre
dicts a favorable clinical response to sym
pathectomy; an index less than 0.2 
correlates highly with sympathectomy 
failure and subsequent limb loss. The value 
of lumbar sympathectomy depends on the 
adequacy of collateral circulation in the leg, 
and the ankle-brachial index provides an 
indirect assessment of the potential for 
increasing flow through the collateral 
vessels. 

In addition to adequate collateral flow, 
the success of sympathectomy depends on 
the capability of the peripheral arterioles 
to vasodilate and on the presence of 
sympathetic activity in the extremity. 
Vasodilation can be assessed by performing 
a reactive hyperemia test while monitoring 
a plethysmographic digit volume pulse. In 
normal extremities, the excursion of the 
volume pulse at least doubles during hyper
emia, usually within the first few seconds 
after flow is restored. Failure of the volume 
pulse to increase suggests that further 
vasodilation is not possible. The presence of 
intact sympathetic tone can be demon
strated plethysmographically by observing 
the response of the digit volume pulse to 
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a deep breath. If vasodilation or sympa
thetic tone is absent, sympathectomy is not 
beneficial. 68 
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Chapter 
1 6  

Assessment of Upper Extremity 
Arterial Occlusive Disease 

STEVEN R. TALBOT, RVT, FSVU, AND WILLIAM J .  ZWIEBEL, M D  

The unique structure and function of the 
upper extremity create challenges for the 
diagnosis of vascular abnormalities. Unlike . 
the lower extremity, where atherosclerosis 
or thrombi are almost always the cause 
of symptomatic disease, upper extremity 
vascular problems can be more complex. 
Mechanical compression occurring in the 
troublesome thoracic outlet region, vaso
spasm in digital arteries, trauma-related 
thrombi in the hand and wrist, and embolic 
thrombi from the heart or from proximal 
arm aneurysms all must be considered when 
troubleshooting in the upper extremity. 
Hand arterial anatomy is confusing and 
variable and therefore reqUires a high level 
of technical expertise. Specialized probes 
that are capable of resolving small vessels, 
and displaying flow within them, are 
required for optimal studies. Finally, physi
cians and sonographers are generally out of 
their comfort zone when working in the 
arm, because arterial disease occurs less 
commonly in the upper extremity than in 
the lower extremity. Only about S% of arte
rial cases involve the upper extremities. l  

This chapter provides the basics of  upper 
extremity arterial assessment, including 
1 .  What to look for clinically 
2. What questions to ask before getting 

started with testing 
3. The basic anatomy of the arm and hand 

arteries that require examination 
4. What types of noninvasive tests should 

be used, and in what order 
S. How each examination is performed and 

interpreted 
6. How to know when you have answered 

the clinical question at hand 

DIAGNOSTIC WORKUP 

The first steps in solving the diagnostic 
puzzle of hand and arm problems are to 
take a careful history and closely examine 
the fingers, hand, and arm. Both arms 
should be examined side by side, with atten
tion to the following findings: Are any 
fingers discolored? Is there a temperature 
difference from one hand or finger com
pared with another? Are there ulcers on fin
gertips? Is there pain, and if so, how long 
has it been present? Did the pain or dis
comfort come on suddenly or slowly? Is the 
pain constant or transient? What makes the 
pain or discomfort better or worse? Does 
exposure to cold or stressful situations bring 
on or intensify symptoms? 

CHOOSING THE RIGHT 
DIAGNOSTIC TOOL 

Observations and historical information 
affect the types of tests that should be done 
to pinpoint the problem. Common basic 
noninvasive tools to investigate upper 
extremity arterial problems include the 
following: 
1 .  Continuous-wave Doppler (with a 

recording device to display arterial 
waveforms) 

2. Nonimaging physiologic tests (pulse 
volume recordings and segmental pres
sures) 

3. Photoplethysmographic (PPG) sensors 
to detect flow in the digits 

4. Color Doppler imaging to directly visu
alize the vessels and the flow within 
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them, and also to identify the type of 
pathology that is present. 

One or all of these tools may be needed 
to diagnose a given problem. For instance, 
if fingers are cool and discolored with expo
sure to cold but fine otherwise, the exami
nation will focus on the question of 
whether this is a vasospastic disorder versus 
a situation in which digital thrombus is 
present, or a combination of the two. Exten
sive diagnostic work will have to be done, 
with close attention to each finger (usually 
with PPG) and then some kind of cold chal
lenge to provoke symptoms. If cold does not 
seem to be a factor, the cold challenge may 
be omitted. If the problem is positional, a 
baseline plethysmographic study should be 
done, followed by monitoring of flow in as 
many different arm positions as possible. 
Finally, if Doppler and plethysmographic 
information suggest obstruction, duplex 
imaging should be done to identify the 
cause. 

Once the examiner has in mind the 
nature of the problem he/she is looking for, 
a plan of action can be formulated for that 
individual. This plan may change as new 
information becomes available during the 
examination. For example, a patient with 
no positional symptoms turns out to have 
thrombus in a distal radial artery. Extra 
attention should then be given to the sub
clavian and axillary arteries, using duplex 
ultrasound to check for an embolic source, 
such as an aneurysm or atherosclerosis. It 
would also be wise to have the patient go 
through different arm positions, with the 
plethysmographic cuffs attached, to check 
for thoracic outlet impingement. 

START WITH THE BASICS 

For almost every situation where arterial 
disease is suspected in the upper extremity, 
the standard noninvasive starting point is 
the pulse volume recording (PVR) of arm 
waveforms, combined with segmental pres
sure measurements (Fig. 16-1) .  Continuous
wave Doppler signal assessment of the 
sublcavian, axillary, brachial, radial, and 
ulnar arteries (Fig. 16-2) is complementary 
to the segmental pressures and PVR infor-

mation. If the fingers are symptomatic, 
PPGs (see Fig. 16-1B) of all digits should be 
obtained as well. With this simple group 
of tests, one can answer the basic clinical 
question: Is hemodynamically significant 
arterial obstruction present in a major arm 
artery? 

The PVR and Doppler examination is con
ducted as follows. Blood pressure cuffs are 
placed about the midportion of the arm and 
the forearm, and PVR waveforms are taken 
at both levels. Then, the systolic blood pres
sure is measured at both levels, using the 
audible Doppler signal as an indication of 
systolic pressure. The measured blood pres
sures should be similar side to side, as well 
as from one level to the other (see Fig. 
16-1A). A side-to-side blood pressure differ
ence of more than 20 mm Hg or between 
levels, accompanied by an abnormal pulse 
volume recording (Fig. 16-3), may indicate 
a hemodynamically significant lesion on 
the side/level with the lower pressure. This 
finding requires additional testing to deter
mine the cause, usually with direct ultra
sound imaging of the vessel(s) in question, 
as described later in this chapter. 

If pressures and waveforms are normal, 
one can assume there is no hemodynami
cally significant obstruction in the arteries 
of the upper extremity. This observation 
may be an appropriate stopping point, espe
cially if the referring physician only needs 
to rule out major, limb-threatening disease. 
It must be understood, however, that 
normal results of these indirect tests cannot 
rule out nonobstructive plaque or throm
bus, aneurysm, transient mechanical com
pression of vessels, vasospasm, or other 
pathologies (such as arteritis). If any of these 
problems are suspected, additional testing 
may be required. 

IS THERE A PROBLEM AT 
THE THORACIC OUTLET? 

When a patient presents with an upper 
extremity circulatory problem, such as a 
cold, painful, or numb extremity that varies 
with limb positioning, a potential cause that 
should be identified or eliminated from the 
equation early on is mechanical vascular 
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Segmental Pressure 
and PVR Study 

\ 
PVR 52 mmHg l 26ce RIGHT Upper Arm 

Gain: .5 mmHg/20mm Spd: 25 Amp: 35 

PVR 47 mmHg alec 
Gain: .5 mmHg/20mm 

A 

RIGHT Forearm 
Spd: 25 Amp: 1 7  

FIGURE 1 6-1 . Normal pressures and wave· 
forms. A, Upper arm and forearm (segmental) 
blood pressure is shown in the boxes on the 
illustration. The pulse volume recording 
(PVR) waveforms show a very short "time 
to peak" (from end diastole to peak systole), 
and a prominent dicrotic notch is present 
in the descending portion of the waveform. 
B, Normal digital photoplethysmographic 
(PPG) waveform shows the same features as the 
pneumatic, volume-based waveforms seen in 
part A. 

FIGURE 1 6-2. Normal continuous-wave Dop
pler waveforms have a high-impedance, tripha
sic shape characteristic of extremity arteries 
(with the limb at rest). Note that time to peak 
is very short, the systolic peak is narrow, and 
flow is absent in late diastole. 

PPG 
Gain: 4 

B 

Doppler 8Mhz 
Gain: 48 Hzlmm 

PVR 56 mmHg l 26ce LEFT Upper Arm 

Gain: . 5 mmHg/20mm Spd: 25 Amp: 25 

PVR 

Gain: 

59 mmHg 7lee LEFT Forearm 

Speed: 25 

.5 mmHg/20mm Spd: 25 Amp: 22 

LEFT Index Finger 
Amplitude: 22mm 

RIGHT Axillary 
Speed: 25 
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Segmental Pressure 
and PVR Study 

PVR 63 mmHg 96cc RIGHT Upper Arm 
Gain: 1 .5 mmHg/20mm Spd: 25 Amp: 30 

PVR 60 mmHg 109cc LEFT Upper Arm 

Gain: 1 .5 mmHg/20mm Spd: 25 Amp: 15 

PVR 56 mmHg 73cc RIGHT Forearm 

Gain: 1 .5 mmHg/20mm Spd:25 Amp:20 
PVR 51 mmHg 34cc LEFT Forearm 

Gain: 1 .5 mmHg/20mm Spd: 25 Amp: 1 5  

FIGURE 1 6-3. Subclavian occlusive disease. The right arm shows normal pressures and pulse volume recording 
(PVR) waveforms. On the left, the pressure measurement are more than 20 mm Hg lower than on the right, and 
the PVR waveforms are damped (slowed time to peak, broad waveform, absent dicrotic notch). 

compression at the thoracic outlet. As 
shown in Figure 16-4, the thoracic outlet is 
bounded by the clavicle, the first rib, and the 
scalene muscles. The thoracic outlet syn
drome is a common problem, caused by 
impingement of the subclavian vessels and/ 
or the brachial plexus as they leave the 

Posterior scalene muscle 

Coracoid 
process --''''=''''''--,f-

m inor 

chest. Restriction at the thoracic outlet 
causes the vessels to be partially or com
pletely compressed when the arm is in 
certain positions. The repeated vascular 
irritation over time may injure the artery 
or vein, leading to intimal damage or 
thrombus formation. Arterial emboli from 

FIGURE 1 6--4. Thoracic outlet anat
omy. The subclavian artery, bra
chial plexus, and subclavian vein 
pass through a narrow opening 
framed by the anterior and poste
rior scalene muscles, the clavicle, 
and the first rib. 
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thrombus formed in this area may travel dis
tally to other parts of the upper extremity. 
Therefore, whenever emboli are found, one 
should consider that they might have origi
nated in the subclavian or axillary arteries. 

Most patients with uncomplicated tho
racic outlet syndrome (without thrombus, 
plaque, or aneurysm) have no arm com
plaints unless the arm is in a certain 
position. The discomfort the patient experi
ences is likely, at least originally, to result 
from nerve compression, rather than 
transient loss of blood flow from arterial 
impingement. The patient describes pain 
or numbness and loss of sensation when 
the upper extremity is in a predictable and 
reproducible position, such as occurs with 
hair brushing or driving a car (with the 
hands in a constant position on the steer
ing wheel) . The symptoms go away soon 
after the arm is repositioned. 

If the examiner is presented with symp
toms suggesting thoracic outlet problems, 
the upper extremity examination should 
begin routinely with resting pulse volume 
recordings and segmental pressures, as 
described previously, but this assessment 
should be supplemented with a check for 
the thoracic outlet syndrome, using the 
following technique. The examiner has the 
patient sit very straight and, using continu
ous-wave Doppler to monitor radial or ulnar 
artery flow, guides the patient through 
maneuvers that begin with the arm 
abducted and externally rotated. The blood 
pressure cuffs are left on the arms to 
monitor the pulse volume waveforms 
during the position changes, proViding the 
examiner with two independent indicators 
of the quality of blood flow in the arm as 
the patient moves through the provocative 
position changes. This can be a clumsy 

FIGURE 1 6-5. Thoracic outlet impingement. 
The Doppler signal at the radial artery goes 
flat (small arrow), as the arm is positioned such 
that the subclavian artery is compressed. The 
signal resumes (large arrow) when the arm is 
repositioned. 

operation for one examiner, so two exam
iners should be present during this proce
dure, if possible. One of the examiners is 
positioned behind the patient and main
tains gentle pressure on the patient's back 
with the left hand, to keep the back straight, 
while holding the Doppler probe used to 
monitor the radial or ulnar artery in the 
right hand. The other examiner operates the 
pulse volume recording device and moni
tors the PVR waveforms during the arm 
position changes. (Note: A PPG sensor 
attached to a finger may be used instead of 
continuous-wave Doppler, if desired.) 

Once a good-quality Doppler signal is 
acquired at the radial or ulnar artery and the 
pulse volume recording device is adequately 
registering PVR waveform, the examiner 
holding the Doppler probe guides the 
patient through the arm maneuvers. We 
usually start with the arm maximally 
abducted and externally rotated, with the 
shoulders pulled back as far as possible. The 
arm is then directed through every con
ceivable position, while the operators watch 
the PVR waveform tracing for diminished 
amplitude or total flattening of the wave
form, accompanied by dampening or total 
loss of the Doppler signal. If a position is 
identified where such changes occur (Fig. 
16-5), with recovery of the signals when the 
arm is moved out of the position, the test is 
positive and indicates thoracic outlet 
impingement. This arm position should be 
repeated, however, and the findings should 
be the same every time the arm is moved 
into the obstructing position. Care should 
be taken to make sure the examiner did not 
simply move the Doppler probe off of the 
monitored artery during positioning, as this 
can be a potential source of false-positive 
results. If the Doppler signal disappears, yet 

/ 
t ·  T 
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the pulse volume recording continues to be 
robust, recheck the Doppler probe orienta
tion and repeat the maneuver. 

A positive result, as described previously, 
suggests the presence of the thoracic outlet 
syndrome, but many patients without 
symptoms may test positive when an arm is 
in an extreme position, such as that used for 
this test. This fact contributes to the con
troversy surrounding the use of this test 
alone in making the diagnosis of thoracic 
outlet syndrome. The diagnosis is much 
more solid, however, if sublcavian artery 
stenosis is visualized with duplex imaging 
with the arm in the position that causes 
abnormal Doppler and PVR findings, or if 
an aneurysm is demonstrated with duplex 
ultrasound. The latter finding proves the 
occurrence of significant and repeated 
arterial impingement. 

If Doppler signals and PVR waveforms do 
not diminish with various arm positions, 
these positions should be repeated with the 
head in a neutral position, with the head 
turned to the left, with the head to the 
right, with the head tilted up, and finally, 
with the chin on the chest. Only after every 
conceivable position has been tested can 
the examination be terminated. If all of 
these maneuvers fail to identify a position 
where flow is diminished, the test is deter
mined to be negative for thoracic outlet 
impingement. This does not necessarily 
mean that the condition does not exist in 
the given patient, only that this test has 
been unable to identify it. 

PHOTOPLETHVSMOGRAPHV OF 
DIGITAL FLOW EVALUATION 

After flow in the arms has been checked, 
attention is next turned to the digits. If 
there are any problems such as cold, discol
ored, or painful fingers, arterial flow in the 
digits should be checked. This is commonly 
done with PPG sensors that are applied to 
the pads of the fingers. Double-stick tape is 
usually used to secure the PPG probe to the 
fingers. A normal digital PPG waveform has 
a rapid upstroke, a downstroke that bows 
toward the baseline, a dicrotic notch, and 
good amplitude (see Fig. 16-1B). A person 

with normal digital arteries may have small, 
abnormal-looking waveforms if the extrem
ity is cold, so care must be taken to ensure 
that the examination room is sufficiently 
warm. If there is any question of the PPG 
waveforms' being adversely affected by cold 
temperature, have the patient warm the 
hands with a warming blanket before 
testing. If good-quality, normal waveforms 
are present in all of the digits, the exami
nation is complete. If the waveforms are 
blunted, rounded, or absent, additional 
testing is required. 

Check for Digital 
Artery Thrombus 

One of the main questions that must be 
answered in the event of abnormal digital 
PPG waveforms is whether the vessels are 
obstructed with thrombus, as opposed to a 
vasospasm problem, or whether the etiol
ogy is a combination of both. Sometimes 
the digital arteries are filled with intralumi
nal thrombus that will have originated, 
most likely, from a proximal artery (usually 
the subclavian/axillary segment) or from 
the heart. When the digital arteries are 
occluded, waveforms will be rounded (Fig. 
16-6A), flat, or nearly flat. No amount of 
warming will restore the waveform contour 
to normal, although slight improvement 
may sometimes occur. Likewise, nerve block 
induced with local anesthesia will have 
little or no effect. When thrombus is sus
pected in the digital arteries, the palmar 
arches, or the arteries of the arm, duplex 
imaging, as described later in this chapter, 
may be appropriate to verify the presence 
and exact location of the thrombus. 

Check for Raynaud's Disease 

When digits display signs of intermittent 
pallor, cyanOSiS, and rubor that is caused 
solely by digital arterial spasm, the condi
tion is called Raynaud's disease (as opposed 
to a more serious condition called Ray
naud's phenomenon, to be discussed later) . 
Raynaud's disease usually represents an 
overreaction of vasomotor responses to cold 
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FIGURE 1 6-6. Abnormal digital photople
thysmographic waveforms. A, Proximal arte
rial obstruction-the photoplethysmographic 
waveforms are severely damped (widened, flat
tened). B, Raynaud's disease-mildly damped 
waveforms with unusually high dicrotic 
notch. C, Raynaud's phenomenon-severely 
damped waveforms. 

A 

B 

c 

or stress stimuli. Symptoms include fingers 
of both hands becoming virtually white as 
the arteries and arterioles undergo intense 
spasm in response to cold or stress.2 Digital 
PPG waveforms may be normal or nearly 
normal at rest but flatten or become 
severely damped in response to cold stimuli 
or stress. The typical PPG waveform seen in 
this condition displays a somewhat slower 
upstroke than normal, along with a sharp 
anacrotic notch and a dicrotic notch that is 
located unusually high on the downslope of 

-I' J 

T 

the waveform (see Fig. 1 6-6B). However, a 
normal waveform may be seen in a patient 
with mild Raynaud's disease when vaso
spasm is aborted by warming the hand. 

A cold challenge test may be helpful in 
identifying Raynaud's disease. This test is 
performed as follows. Baseline digital PPG 
waveforms are obtained, and the hands are 
immersed in ice water for 3 to 5 min. Wave
forms are again obtained, and their return 
to preimmersion appearance is timed. Indi
viduals with normal circulation will return 
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to preimmersion levels within 10 minutes. 
Those with Raynaud's disease take longer, 
and some may not recover within a reason
able observation time unless the cycle of 
vasospasm is broken by warming the hand. 
Most patients with this condition merely 
need to protect the fingers from cold expo
sure a little more than other individuals to 
avoid the symptoms of Raynaud's disease. 
Occasionally, patients with _ Raynaud's 
disease worsen and they develop trophic 
changes or ulcerations at the fingertips. 
However, this is seen only in patients who 
do not take adequate steps to protect their 
hands from cold exposure. 

Check for Raynaud's 
Phenomenon 

The presence of cold sensitivity complicated 
by fixed arterial obstruction is referred to 
as secondary Raynaud's phenomenon. This 
is a much more serious condition than 
Raynaud's disease, because there is vaso
spasm mixed with intraluminal obstruction 
of some kind. The fact that these two con
ditions are given similar names creates con
fusion, even among experienced examiners. 
Raynaud's disease, Raynaud's phenomenon, 
Raynaud's syndrome, primary Raynaud's, and 
secondary Raynaud's are all terms used-and 
misused-to describe these two conditions. 
In this chapter, we use the term Raynaud's 
disease to describe the vasospastic disorder 
without intraluminal occlusion and Raynaud's 
phenomenon to describe vasospastic disease 
accompanied by fixed arterial obstruction.3 
Regardless of the terms used, the major 
diagnostic challenge is to differentiate 
between those patients who have only 
vasospasm and those who have arterial 
obstruction as well. 

Photo plethysmographic waveforms in a 
patient with Raynaud's phenomenon are 
more rounded in appearance than those in 
a patient with Raynaud's disease and may 
also be low in amplitude (see Fig. 16-6C) . 
The waveform shape is similar to that seen 
with proximal arterial occlusion, and it is 
important to differentiate between these 
two etiologies with segmental pressure and 
Doppler, as discussed previously. When 

severe digital waveform abnormalities are 
found in the proper clinical setting, it is 
clear that the condition is Raynaud's phe
nomenon, and further assessment with 
hand cooling is not necessary. However, 
warming the hand may be useful to deter
mine if flow to the fingers can be improved. 

For those who insist on performing a 
cold challenge on patients with findings of 
Raynaud's phenomenon, it is advisable to 
follow the cold challenge with a sympa
thectomy, as follows. The baseline study is 
done first, followed by immersion of the 
hands in ice water for 3 to 5 min. The wave
forms typically go flat in response to the 
cold challenge. Then the sympathectomy is 
performed. In such cases, a physician injects 
a small amount of a local anesthetic into a 
nerve, plexus, or ganglion to temporarily 
inactivate its effect on sympathetic tone. 
Once the sympathectomy has been set up 
properly, the PPG waveforms are taken 
again. Major waveform improvement, above 
baseline levels, suggests that sympathect
omy or vasodilator therapy may be helpful. 
If vasospasm is a major component of the 
problem, the hand and fingers may become 
very warm and the PPG waveforms may 
go off scale (Fig. 16-7A).  The hand is then 
reimmersed in the cold water. If the 
waveforms survive reimmersion (see Fig. 
16-7B), this is an especially hopeful sign 
that some degree of improvement can be 
expected with therapy. It is not advisable to 
do the cold immersion test in patients with 
severe Raynaud's phenomenon without 
follow-up sympathectomy, as a severe vaso
spastic response may occur that is hard to 
reverse. 

As noted previously, Raynaud's pheno
menon represents a combination of vaso
spasm and arterial occlusion. Therefore, 
there may be a role for duplex ultrasound 
assessment of digital and palmar arterial 
patency, as discussed later. 

WHEN TO ADD 
DUPLEX IMAGING 

The decision as to whether duplex ultra
sound imaging is necessary in the course of 
an upper extremity arterial examination 
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FIGURE 1 6-7. Vasospastic disease. A, The pho
toplethysmographic waveform of a digit is off 
scale after cold immersion, followed by nerve A 
block to reopen the digital arteries. B, Wave-
form amplitude decreases after reimmersion in 
ice water, but the amplitude remains quite 
high. 

B 

depends on whether the indirect studies 
already performed have answered the clini
cal question at hand. If the answer is no, 
then duplex imaging should be performed. 
For example, duplex is necessary whenever 
the indirect tests suggest arterial obstruc
tion. In this situation, the arm arteries 
are scanned to identify the exact loca
tion and severity of stenosis or occlusion. 
Duplex imaging can also be used to see if 
the problem identified by indirect tests 
is caused by atherosclerotic plaque or 
thrombus. Arterial thrombus may be treated 
with anticoagulants, thrombolytics, or even 
thrombectomy, whereas plaque is treated 
differently. 

Duplex imaging is also used to detect an 
arterial aneurysm. This is an important piece 
of information, as an aneurysm may be the 
source of distal arterial thromboemboliza
tion. The subclavian and axillary arteries are 
the most likely areas for aneurysm formation 
in the arm. Repeated injury to these arteries, 
due to impingement at the thoracic outlet, 
can lead to thrombus formation, plaque 
formation, and even aneurysmal dilation. 

For this reason, whenever there is thrombus 
anywhere in the arm or hand, even when 
there is no indication of proximal stenosis 
on indirect tests, the subclavian/axillary 
artery region should be scanned. 

Duplex Imaging Technique and 
Diagnostic Criteria 

Duplex examination of the arm arteries is 
similar to duplex imaging of the lower 
extremity. Typically, a vessel is imaged nrst 
with short-axis views to get the examiner 
oriented, and then the transducer is turned 
90 degrees to obtain long-axis views, which 
are used to follow the vessels (Fig. 1 6-8) . 
The entire course of each major artery is 
imaged, including the subclavian, axillary, 
brachial, radial, ulnar, deep palmar arch, 
superficial palmar arch, and digital arteries. 

Because the ann arteries are mostly super
ficial, high-frequency transducers can be 
used. Most, or sometimes all, of the arteries 
in the arm can be imaged with frequencies 
between 8 and 15 MHz. However, some 
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areas near the clavicle may reqUire the use 
of a 3- to 8-MHz transducer. Imaging of 
hand arteries requires very high frequencies, 
because these vessels are extremely small. 
Transducers designed for use in surgery 
work quite well for imaging the digital 
arteries, since they have a small footprint 
and operate at frequencies between 10 and 
1 5  MHz. 

Color flow ultrasound is used to identify 
blood flow within the vessels and to give the 
examiner an idea of the velocity and direc
tion of flow. Pulsed-wave Doppler signals 
and spectral analysis are used to determine 
the velocity of flow at key points within the 
vessel (Fig. 1 6-9) .  Normal, angle-corrected 
peak systolic velocities within the larger arm 
arteries, such as the subclavian and axillary 
arteries, generally run between 70 and 
120 cm/sec. Brachial artery peak systolic 

FIGURE 1 6-8. Typical duplex ultrasound transducer 
positions. A, The short-axis view shows the vessel in 
cross-section. The brachial artery (A) is seen in this color 
flow image, accompanied by the brachial and basilic 
veins (V). B, The long-axis view shows vessels, such as 
this axillary artery, along their length. 

velocities range from 50 to 100 cm/sec. 
Velocities in normal radial and ulnar arter
ies run between 40 and 90 cm/sec, while 
velocities within the palmar arches and 
digits are lower. Normal upper extremity 
Doppler waveforms are triphaSiC, but 
changes in temperature, or even maneuvers 
such as clenching of the fist, may dramati
cally change the characteristics of upper 
extremity waveforms, especially in and near 
the hand (Fig. 16-10). The large arteries of 
the upper arm and forearm are relatively 
easy to identify and evaluate with ultra
sound. Imaging the small arteries of the 
hand is very challenging for several reasons. 
Not only are the vessels small, but, in addi
tion, there are numerous anatomic varia
tions. Furthermore, the vascular anatomy of 
the hand described herein is a Simplified 
version of the actual anatomy, which 
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FIGURE 1 6-9. Pulsed-wave Dop
pler example. The axillary artery 
(AX ART) is seen in long axis with 
color and pulsed wave Doppler. 
Note that the angle-corrected 
velocity must be obtained with 
the cursor lined up with the vessel 
wall, and the Doppler angle must 
be 60 degrees or less. 

includes arterial pathways beyond the scope 
of this chapter.4 That having been said, 
knowledge of the anatomy shown herein is 
adequate to answer most of the clinical 
questions that are raised. 

A patterned approach is required for accu
rate duplex ultrasound evaluation of upper 
extremity arteries. The ultrasound imaging 

FIGURE 16-10.  Environmental and muscular 
effects. A, This continuous-wave Doppler 
waveform was obtained from the radial artery 
with the hand very warm and relaxed. Note 
that the waveform is entirely above the base
line and it is difficult to make judgments about 
its triphasic pattern. B, This continuous-wave 
Doppler waveform was taken from the same 
vessel as in part A, but now the patient has his 
fist clenched, causing increased flow resist
ance. Note the dramatic change in the Doppler 
waveform. The triphasic, high-resistance 
pattern now is easily identified. 

A 

B 

protocol used in our department, as well as 
the relevant arterial anatomy, is illustrated 
in detail in Figures 16-1 1 through 16-19. 
This material is not repeated in the text; 
therefore, readers who are unfamiliar with 
upper extremity arterial ultrasound should 
review . these figures before proceeding. 

Text continued on p. 315 
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FIGURE 1 6-1 1 .  Subclavian seg
ment examination. A, Ana
tomic location of the major 
upper extremity arteries. B, Du
plex ultrasound imaging be
gins with short-axis views of 
the subclavian artery obtained 
above the clavicle. C, In the 
short-axis view, the artery (A) 
and vein (V) are identified side 
by side. Compression with the 
transducer can be used to iden
tify the artery and vein, since 
the vein is more easily com
pressed than the artery. Visual
ization of the subclavian artery 
is difficult, at best, because of 
interference from the clavicle, 
which limits the space for the 
transducer and often restricts 
above-clavicle imaging to short
axis views. 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


CHAPTER 1 6  Assessment of Upper Extremity Arterial Occlusive Disease 

FIGURE 1 6-1 1-cont'd. D and E, An alterna
tive approach is to visualize the subclavian 
artery from an infraclavicular transducer posi
tion, with which the artery (A) and vein (V) are 0 
seen through the pectoral muscles, in either 
short- or long-axis views. 
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A B 
FIGURE 1 6-1 2. Long-axis subclavian examination. A, Once the subclavian artery is identified, rotate the transducer 
to visualize the artery (A) in long axis as shown in part B. The artery should be examined proximally and 
distally as far as possible for the presence of plaque, thrombus, or aneurysm. Frequently, a short segment of the 
proximal subclavian artery is hidden under the clavicle and cannot be examined directly. 

A B 
FIGURE 1 6-1 3. Axillary and brachial segment examination. At its distal end, the subclavian artery dives deeply, 
and at this paint, the arm is raised and the probe is repositioned in the axilla to examine the axillary artery. 
A, Begin high in the axilla, with the tranducer positioned for a short-axis view, and get oriented. B, After identi
fying the axillary artery, switch to a long-axis view and follow the axillary and brachial arteries down the medial 
side of the upper arm in the groove between the biceps and triceps muscles. The axillary artery becomes the brachial 
artery where it crosses the lower margin of the tendon of the teres major muscle, but this landmark is not readily 
identified sonographically. 
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FIGURE 1 6-1 4. The radial artery examination. A and B, 
About 1 cm below the elbow, the brachial artery (Br) 
divides into the radial (R) and ulnar (U) arteries. C, The 
radial artery is examined with long-axis views through
out its course along the radial (lateral) side of the volar 
aspect of the forearm. D and E, When viewed in a trans
verse (short-axis) plane, the artery (A) is flanked by the 
small radial veins (V). E 
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FIGURE 1 6-15.  Deep palmar arch examination. At the 
wrist, radial artery anatomy gets a bit tricky. A, Before 
it enters the hand, the radial artery splits into two 
branches, one of which continues into the volar 
aspect of the hand (arrow) and connects with the 
superficial palmar arch. The main trunk of the radial 
artery heads posterior to the thumb before entering 
the palm. It is important to follow the main trunk, 
shown in parts A and B, by temporarily moving to the 
dorsal aspect of the hand. C, The sonographer then E 
returns to the volar surface and follows the main 
trunk into the palm, where it becomes the deep 
palmar arch. D, The arch should be followed as it 
loops around (E) and connects with the ulnar artery. 
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A B 

FIGURE 1 6-16. Examining branches of the deep 
palmar arch. Two branches of the deep palmar arch are 
commonly visualized in normal individuals. A, Begin
ning at the radial side, the first branch is the princeps 
pollicis, which supplies the thumb. B, This is followed 
by another small branch called the radialis indicis, 
which travels up the radial side of the index finger. 
These two vessels sometimes share a common trunk. 
C, Doppler signals in these small vessels typically are 
quite weak and show flow features that differ from the 
radial and ulnar arteries. Note that while the pattern 
is one of moderate resistance, flow is present through 
diastole. Three other small digital arteries (not shown), 
called the palmar metacarpals, may be seen branching 
from the deep palmar arch, and these eventually join 
the common digital arteries to supply the fingers. 
These arteries are usually difficult to see and follow 
with ultrasound. C 

�2.�! 
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B 

FIGURE 1 6-1 7. The ulnar artery and superfi
cial palmar arch examination. After evaluat
ing the radial artery and deep palmar arch, 
the examiner returns to the antecubital fossa 
to inspect the ulnar artery. A, After traveling 
deeply in the flexor muscles, the ulnar artery 
runs more superficially, along the volar 
aspect of the ulnar (medial) side of the 
forearm. B, It can be followed into the palm 
as a single large trunk, where it curves later
ally to form the superficial palmar arch. 
C, When followed, the superficial plamar 
arch is seen to connect with the smaller 
branch of the radial artery shown in Figure 
16-1SA. D, Doppler signals in the superficial 
palmar arch have relatively high resistance, 
but flow throughout diastole, similar to the 
deep arch. 
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A 

FIGURE 1 6-1 8. Digital artery examination. B 
A and B, The principal arterial supply to digits 
three, four, and five is via the common digital 
arteries (CDA), which arise from the superficial 
palmar arch (SPA). C and D, These can be fol
lowed into the fingers, where each branches 
to form the proper digital arteries that lie on 
either side of the fingers. Relatively low flow 
resistance is evident in these vessels. 

c 
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A 

c 

D 

B 

FIGURE 1 6-19. Proper digital 
artery examination. A and B, Us
ing very-high-frequency trans
ducers, the proper digital ar
teries (A) can be followed along 
the medial and lateral sides 
of the fingers. C and D, At the 
tip of each finger, the proper 
digital arteries join, giving off a 
number of small branches at the 
fingertips. 
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Duplex Ultrasound-Detected 
Pathology 

Atherosclerotic plaque forms commonly in 
the subclavian and axillary arteries. The 
principal effect is blood flow reduction due 
to stenosis or occlusion that can result in 
arm ischemia. Atherosclerotic obstruction 
of more distal arteries, such as the radial and 
ulnar arteries, is less common; nevertheless, 
distal vessels may undergo thrombosis sec� 
ondary to low-flow states or atherosclerosis
related embolization. 

Although stenosis of larger upper extrem
ity arteries is most often caused by athero
sclerosis, it may also be caused by vasculitis, 
trauma, or thoracic outlet compression. 
Stenosis of smaller arteries usually results 
from vasospastic disease or vasculitis. In 
the extremities, stenoses that reduce the 
lumenal diameter by 50% or greater are flow 
reducing, or hemodynamically Significant. 
Such stenoses are identified by increased 
velOCity, post-stenotic turbulence, and 
waveforms that are damped distal to the 
level of the stenosis, as shown in Figure 
16-20. In addition, high-grade arterial 
stenosis or occlusion causes overall reduced 
flow velocity proximal to the point of 
obstruction. There are no universally ac
cepted velocities that determine the sever
ity of a stenosis in the arm arteries; however, 
when a stenosis causes the peak systolic 
velocity to double (compared with the 
prestenotic velocity), it is considered hemo
dynamically significant. Tighter stenoses 
increase systolic and diastolic velocities to 
obvious extremes. 

Color flow imaging shows narrowing of 
the arterial lumen as well as altered colors 
in the stenotic region consistent with ele
vated flow velocity and a post-stenotic 
mosaic pattern that results from turbulent 
flow. With arterial occlusion, no flow. is 
detected in the vessel lumen with color or 
spectral Doppler, and a damped, monopha
sic Doppler signal is seen distal to the area 
of obstruction (Fig. 16-21) .  When occlusion 
is detected, it is important to determine the 
extent of the occluded segment and where 
in the arterial tree flow is reconstituted by 
collaterals. 

Arterial thrombosis may occur distal to 
a critical stenosis or may result from 
embolization, trauma, or thoracic outlet 
compression. The result may be occlusion 
or partial occlusion. Thrombus filling a 
vessel may be visualized directly with gray
scale imaging, but color or power Doppler 
imaging is useful to determine if the vessel 
is patent and to assess the degree of ves
sel recanalization with thrombolysis (Fig. 
16-22) . Whenever thrombus is thought to 
be seen in an artery, the examiner should 
attempt to compress the artery using trans
ducer pressure. If the artery is truly filled 
with thrombus, compression will not cause 
the artery to collapse. This is important 
because artifacts may be present that look 
like thrombus in an artery. If the artery 
collapses in response to compression (Fig. 
16-:-:23), the suspected "thrombus" can be 
accurately determined to be artifactual. 

Arterial aneurysms in the upper extremity 
are rare, but the most likely place for their 
occurrence is in the subclavian/axillary 
area. They usually occur as a result of 
chronic trauma, as is the case with thoracic 
outlet impingement, or they may occur 
on an idiopathic basis. Because laminated 
thrombus commonly forms in aneurysms, 
they become a likely source of emboli to 
the radial, ulnar, or hand arteries. For this 
reason, whenever thrombus is found in 
distal arteries, the subclavian/axillary arter
ies should be checked carefully for the pres
ence of an aneurysm. A vessel is said to be 
aneurysmal when the diameter at the point 
of interest is at least one and a half times 
the size of the artery above and below it. 
Most aneurysms in the arm are fusiform, as 
seen in Figure 16-24, rather than saccular, 
and for that reason, they tend to be more 
subtle than aneurysms in other parts of the 
arterial system. 

CHECK FOR VERTEBRAL-TO
SUBCLAVIAN STEAL 

If a patient has a significant difference in 
arm blood pressure (20 mm Hg, as observed 
during the segmental pressure/PVR portion 
of the study), the duplex imaging examina
tion should be expanded to check for the 
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A 

FIGURE 1 6-20. Hemodynami
cally significant stenosis. A, 
Plaque is seen in the axillary 
(LT AX) artery with B-mode 
imaging. B, Color is added to 
reveal the contour of the plaque 
and its flow effects. C, Pulsed 
Doppler is used to display the 
markedly increased flow veloc
ity (306 cm/sec) in the stenosis. 
AX ART, axillary artery. 
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FIGURE 1 6-21 . Arterial occlu
sion. A and B, Long- and short
axis color flow views show 
occlusion of an axillary artery 
(A). V, axillary vein. Note in 
part A that flow is reconsti
tuted below the occlusion by a 
collateral (arrow) . C, Below 
the occlusion, in the ulnar 
artery, Doppler waveforms are 
damped-monophasic, delayed 
time to peak, broad systolic 
peak, continuous diastolic flow. 

A 

B 

c 
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A B 

FIGURE 1 6--22. Arterial thrombosis. A and B, Long- and 
short-axis, color flow images show faintly echogenic 
material throughout the axillary (AX) artery lumen, 
with only a small area of residual flow. The diffuseness 
of the occluding material and the smoothness of the 
residual (or recanalized) lumen favors thrombosis 
rather than atherosclerosis. C, In another patient, the 
right brachial artery (BRA) is occluded by thrombus 
that is more echogenic than that seen in parts A 
and B. 

FIGURE 1 6-23. Artifact versus thrombus. Whenever it appears that thrombus is present in an artery (A), the vessel 
should be viewed in a transverse plane (A) and compressed with the transducer (arrows, part B) . If the artery truly 
is thrombosed, the intraluminal thrombus will prevent it from collapsing in response to compression. However, 
if the artery compresses fully (B), the examiner knows the "thrombus" was actually artifactual. V, vein. 
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FIGURE 1 6-24. Aneurysm. A and B, B-mode and 
color flow views show a typical, fusiform 
aneurysm (approximately 9-mm diameter) in the 
subclavian/axillary segment. No thrombus is 
visible in this aneurysm, but aneurysms may 
contain thrombus that can embolize to distal 
vessels. A 

B 

vertebral-to-subclavian steal. This is a situa
tion in which a tight stenosis or occlusion 
is present in the portion of the subclavian 
artery proximal to the ipsilateral vertebral 
artery. Insufficient blood flow through the 
obstruction causes the subclavian artery to 
steal blood from the contralateral vertebral 
artery. Vertebral-to-subclavian steal rarely 
causes severe neurologic sympto�s, but it 
may cause arterial insufficiency in the 
affected arm that may be clinically impor
tant. For details concerning the pathophys
iology of this condition and its clinical 
consequences, please see Chapter 1 1 .  

Whenever vertebral-to-subclavian steal is 
suspected, the examiner should check the 
direction of the flow in the ipsilateral ver
tebral artery. If flow is retrograde or undu
lating (to and fro), vertebral-to-subclavian 
steal is likely. This finding, combined with 
a blood pressure in the ipsilateral arm 20 
mm or more lower than the opposite arm, 
makes a compelling case for subclavian 
steal. To make the case even stronger, the 
examiner can compare the axillary Doppler 
waveforms, noting that the waveforms on 
the side of the obstruction are more 
rounded and of lower overall velocity, and 
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c 

they may be monophasic. The vertebral and 
subclavian Doppler findings are presented 
in detail in Chapter I I .  

With diligence, the examiner can some
times see the stenotic area of the subclavian 
artery directly and document the presence of 
stenosis, rather than occlusion. This reqUires 
angulation of the ultrasound beam deeply 
beneath the medial end of the clavicle. The 
usual features of arterial stenosis are seen 
(Fig. 16-25) .  The lumen is visibly narrowed 
on the color flow image, with a color shift 
indicating elevated flow velocity. Spectral 
Doppler shows high-velocity systolic and 

FICURE 1 6-25. Subclavian stenosis. A, Gray-scale 
sonography provides a rare direct view of a stenosis at 
the origin of the subclavian artery (arrows). Sub, sub
clavian; CCA, common carotid artery; lnnom, innom
inate artery. B, Color Doppler shows turbulent flow in 
the stenotic segment (arrow). C, Pulsed Doppler signals 
reveal markedly elevated flow velocity within the 
stenosis that cannot be measured as it exceeds the 
maximum velocity/frequency scale. Peak systolic 
velocity (PSV) exceeds 3 1 7  cm/sec. 

diastolic flow levels in the stenotic region 
and turbulence distal to the stenosis. Even if 
the stenosis itself cannot be seen, it may 
be possible to detect the severe post-stenotic 
turbulence that is invariably associated with 
a high-grade arterial stenosis. 

Direct subclavian stenosis visualization is 
much more likely to be possible on the right 
side, as shown in Figure 16-25, than on the 
left, because the right subclavian artery is 
a branch of the innominate artery, which 
makes the area of stenosis much more 
superficial. On the right, the stenosis is gen
erally seen in the most proximal segment of 
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the subclavian artery, just beyond the bifur
cation of the innominate artery into the 
common carotid and subclavian branches. 

Seeing a stenosis on the left side is much 
more difficult, as the subclavian artery 
comes off the aorta at an angle that is diffi
cult to image and at a depth that causes 
imaging problems. This is unfortunate, con
sidering that 85% of vertebral-to-subclavian 
steal cases occur on the left side. 

CONCLUSIONS: ANSWERING 
THE CLINICAL QUESTION 

This chapter is a compilation of the 
common physiologic and Doppler tests 
used to assess upper extremity arteries. Only 
the more frequently encountered arterial 
disorders affecting the upper extremities 
could be included. It is important to con
sider that any combination of the methods 

described herein can be used at the discre
tion of the ordering physician, or the exam
iner, to answer the clinical question at 
hand. Knowledge of the value of a given test 
in a given situation is required to ensure 
that everything is done diagnostically that 
can be done. The proper combination of 
tests is the key to shedding light on a diffi
cult diagnosis. 
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Chapter 
1 7  

Ultrasound Evaluation Before 
and After Hemodialysis Access 

M ICHELLE L .  ROBBIN, M O, M S, AND MARK E .  LOCKHART, M O, M P H  

Ultrasound can be extremely useful in the 
evaluation of the many problems facing the 
hemodialysis patient. It is a noninvasive 
technique that can show more vascular 
detail than physical examination, without 
the risk of phlebitis or contrast reaction 
from conventional venography. Current 
Dialysis Outcome Quality Initiative guide
lines encourage the placement of arteri
ovenous fistulas (AVFs) rather than grafts, 
because of their greater longevity and 
decreased incidence of infection. 1,2 Detailed 
evaluation of arterial and venous anatomy 
prior to hemodialysis access can increase 
the visualization of veins that may be suit
able for native AVF placement, particularly 
in the patient with a history of prior failed 
access and/or central lines. 

Vascular mapping prior to hemodialysis 
access also may change surgical manage
ment, with an increase in the number of 
AVFs versus grafts placed. Additionally, 
there is an increased likelihood of selecting 
the most functional vessels preoperatively, 
with a subsequent decrease in unsuccessful 
surgical explorations.3 Vascular mapping 
has doubled the proportion of patients 
dialyzing with a fistula in our patient 
population.4 

Despite preoperative vascular mapping, a 
substantial number of AVFs still fail to 
mature adequately to support hemodialysis. 
In these patients, ultrasound can determine 
the potential cause of an immature AVE It 
can also determine whether the AVF would 
be best treated by the angiographer (angio
plasty of a stenosis) or surgeon (revision or 
accessory vein ligation) . Ultrasound is also 
useful in the evaluation of the patient with 

a hemodialysis graft, to assess for stenosis 
and determine the cause of perigraft pal
pable masses (hematoma versus pseudo
aneurysm) . 

This chapter details hemodialysis access 
anatomy and the preferred order of access 
placement. It describes current protocols 
for the sonographic vascular evaluation 
of the end-stage renal patient, both before 
and after hemodialysis access placement. 

BASIC CONCEPTS OF 
HEMODIALYSIS ACCESS 

Hemodialysis is the lifeline by which the 
patient with end-stage renal disease elimi
nates excess fluid and decreases the level of 
various undesirable substances in the blood. 
The central circulation is accessed, and the 
blood is cleansed by diffusion across a semi
permeable membrane, termed the dialyzer. 
Direct access to the circulation is accom
plished by an AVF, a graft, or a central 
venous catheter. A native AVF is a surgically 
created, direct anastomosis between an 
artery and a vein, placed in either the 
forearm or upper arm. When AVF creation is 
not pOSSible, an artificial graft may be tun
neled in the superficial soft tissues of the 
forearm, upper arm, or upper thigh, with 
arterial and venous anastomoses. Two 15-
gauge needles are placed into the AVF or 
graft, with the more distal needle carrying 
blood from the patient to the dialyzer. The 
second needle is placed more proximally in 
the AVF or graft and returns the blood to the 
patient's circulation. Artery/vein configura
tions for the various types of AVFs and grafts 
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Table 1 7-1 . AVF and Graft ArterylVein Anastomoses 

AVF Types Artery Vein 

Forearm cephalic vein 
Forearm vein transposition 
Upper arm cephalic vein 
Basllic vein transposition 

Graft Types 

Radial 
Radial 
Brachial 
Brachial 

Artery 

Brachial 
Brachial 
AxHlary 

Cephalic 
Ulnar, dorsal or volar vein transposition 
Cephalic 
Basillc 

VelD 

Antecubital 
Basilic 
Axillary 

I Forearm loop 
Upper arm straight 
Upper arm loop 
Thigh graft Common femoral/superficial 

femoral 
Greater saphenous/common femoral 

AVF, arteriovenous fistula. 

are shown in Table 1 7-1 . Figure 1 7-1 shows 
anatomic drawings of the three most 
common AVFs and four most common graft 
configurations. 

Surgeons prefer to create a hemodialysis 
access in the nondominant arm, as the activ
ities of daily living can be carried out with 
the dominant arm while the nondominant 
arm is healing after surgical access place
ment. However, most will put an AVF in the 
dominant arm before a graft is considered. 
An AVF is placed first in the forearm, if the 
patient has suitable anatomy, and the upper 
arm is then "saved" for a future access. like
wise, if an AVF cannot be placed, a forearm 
graft is preferred to placement of an upper 
arm graft. If no upper extremity graft 
options are available, a thigh graft is prefer
able to dialyzing with an indwelling venous 
catheter.s A list of the preferred order of 
access placement is given in Table 1 7-2. In 
general, an AVF or graft will provide higher 
dialysis flow rates than a tunneled catheter,6 
with a lower infection rate. ?  

DESCRIPTIVE TERMINOLOGY 

The conventional way to describe vascular 
anatomy employs the terms proximal and 
distal, meaning closer and farther from the 
heart, respectively. We find that these terms 
can be confusing when used in describing 
dialysis access anatomy. In some circum
stances, therefore, we prefer the terms 
cranial and caudal, meaning toward the 
head and toward the lower end of the body. 

We will use these terms in selected locations 
throughout this chapter, realizing that the 
more conventional terms are used elsewhere 
in this text. 

VASCULAR MAPPING PRIOR TO 
HEMODIALYSIS ACCESS 
PLACEMENT 

General Principles 

The protocol for vascular mapping prior to 
hemodialysis access placement has been 
previously described,3,8 A high-resolution 
linear ultrasound transducer is used to eval
uate the arm vessels (generally 7 MHz or 
higher) . The transverse plane is used to 
identify vessels (artery and vein) and evalu
ate their diameter and wall thickness. 
Sequential vein compression is used to 
assess for compressibility. The depth from 
the skin surface of the anterior wall of the 
cephalic vein is measured. Color and spec
tral Doppler waveforms are obtained in the 
longitudinal plane of vessels selected for 
potential vascular access. 

The forearm veins and arteries are 
assessed to determine whether the patient is 
a candidate for a forearm AVF, the most 
desirable initial type of hemodialysis access. 
If vascular anatomy suitable for forearm 
fistula creation is not found, the upper arm 
vessels should be mapped. Arteries should 
be assessed for intimal thickening and 
stenosis. The presence of significant con
centric calcification should be noted, as the 
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Cephalic vein ----+-"Y'I 
Radial artery ----;77-.. 

'!T)---;'-''<-- A VF anastomosis 

A 

Basilic vein 
artery 

Median cubital 
branch of 

._--Iof-----/-- Brachial 

cephalic vein -+---/'f"klll W)-i=;f-----,f--
anastomosis 

B 

anastomosis .-8--1'--- Brachial artery 

H--- G raft 

c 
o 

FIGURE 1 7-1 . Anatomic drawings of the most common hemodialysis accesses. The three most common arteri
ovenous fistulas are (A) radio cephalic fistula at the wrist, (B) brachiocephalic fistula at the antecubital fossa, and 
(C) brachiobasilic vein transposition. The four most common grafts include (D) forearm loop graft, (E) upper arm 
straight graft, (F) axillary loop graft, and (G) thigh graft. AVF, arteriovenous fistula. Continued 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


r-l 1 328 1 SECTION 11/ Extremity Arteries ! __ .J L..-____________________________________ ----' 

Graft ---n 

�-H----,f-- Brachial artery 

E 

Greater --f----, 
saphenous 
vein 

Common -ji----
femoral 
artery 

G 

F 

Axillary artery ---+--�Ki:lr-- Axil lary vein 

�t-- Graft 

FIGURE 1 7-1-cont'd. See rrevioLl page for 
legend. 
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Table 1 7-2. Preferred Order of Access 

Placement 

Order 
of Access 
Placement 

2 

3 

5 
6 
7 

Type of 
Placement 

Nondominant forearm cephalic 
vein fistula 

Dominant forearm cephalic vein 
fistula 

Nondominant or dominant 
upper arm cephalic vein 
fistula 

Nondominant or dominant 
upper arm basilk vein 
transposition fistula 

Forearm loop graft 
Upper arm straight graft 
Upper arm loop graft (axillary 

artery to axillary vein) 

From Allon M, Robbin ML: Increasing 
arteriovenous fistulas in hemodialysis patients: 
Problems and solutions. Kidney Int 62: 1 109-1 1 24, 
2002. 

artery may be too calcified for successful 
surgical access creation. An important 
aspect of planning for AVF and graft cre
ation is vessel size assessment. Minimum 
artery and vein diameters are shown in 
Table 1 7-3. 

Forearm Assessment 

The nondominant forearm is assessed first. 
The patient's arm is placed in a comfortable 
position on towels on top of a procedure 

Table 1 7-3. M i n imum Diameter Criteria 
for AV F and G raft Creation 

Vessel 

AVF vein 
( ; raft win 
Artery (graft or "VF) 

AVF, arteriovenous fistula. 

Minimum Diameter 
(cm) 

0.25 
OAO 
0.20 

From Silva MB, Hobson RW, Pappas P], et al: A 
strategy for increasing use of autogenous 
hemodialysis access procedures: Impact of 
preoperative noninvasive evaluation. ] Vasc Surg 
27(2) :307-308, 1998. 

FIGURE 1 7-2. Proper pOSition of arm on instrument 
stand for imaging of the vessels for hemodialysis 
planning. 

stand (Fig. 1 7-2) . The internal diameter of 
the radial artery at the wrist must measure 
at least 2 mm (Fig. 1 7-3). If the radial artery 
internal diameter is not satisfactory within 
several centimeters of the wrist, the internal 
diameter of the ulnar artery at the wrist is 
measured. If the diameter of the ulnar or 
radial artery is not at least 2 mm in the 
lower third of the forearm, the forearm 
radial and ulnar arteries are assessed on the 
dominant side. If no forearm artery is satis
factory, the patient is not a candidate for a 
forearm AVE 

If the radial or ulnar artery at the wrist 
meets size criteria, the next vessel to evalu
ate is the cephalic vein. A tourniquet is 
placed fairly tightly, slightly lower than 
mid-forearm. The entire distal forearm is 
percussed, similar to starting an intravenous 
line, for approximately 3 minutes. All wrist 
veins that measure greater than 2 mm after 
the 3-minute tapping are evaluated. Veins 
smaller than 2 mm will probably not dilate 
up to an adequate size. However, veins 
greater than 2 mm may dilate to greater 
than 2 .5 mm with more focused tapping 
and/or a warm compress. Special attention 
is given to the cephalic vein, as this is the 
preferred venous outflow conduit. The 
cephalic vein area is assessed for the pres
ence of a continuous vein up to the tourni
quet with a diameter of at least 2.5 mm (Fig. 
1 7-4). Venous patency is demonstrated with 
spectral Doppler interrogation, augmenting 
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A 

B 
FIGURE 1 7-3. Normal radial artery at the wrist. A, 
Transverse gray-scale view of the radial artery shows 
adequate arterial diameter measuring 2.7 mm (cursors). 
Note the small paired radial veins (arrows) . E, Color and 
spectral longitudinal views of the artery demonstrates 
normal triphasic flow and absence of turbulent flow or 
aliasing. 

flow by having the patient flex his or her 
fingers, or by compression. 

If the forearm portion of the cephalic vein 
is adequate, a tourniquet is placed at the 

elbow and the vein is followed in a cepha
lad direction to the elbow. If the vein is dis
continuous or stenotic, it is not satisfactory 
for fistula creation. A search for another ade
quate forearm vein should be performed. 
Branch points should be assessed carefully, 
as vein narrowing below 2.5 mm may occur 
at branch points. Following examination 
of the forearm, the tourniquet is moved 
sequentially in stages to the axilla, and the 
vein of interest is followed centrally to 
ensure that it empties into the deep venous 
system. The tourniquet must be removed to 
evaluate the cephalic vein insertion into the 
subclavian vein. Occasionally, overlying 
muscle may give the appearance of a steno
sis at the insertion of the cephalic vein 
into the subclavian vein. Placing the pa
tient's arm by his or her side (rather 
than abducted) may alleviate an appar
ent cephalic vein stenosis. 

If the cephalic vein is not adequate, the 
basilic vein in the forearm is assessed. If the 
basilic vein is not adequate, the volar 
surface of the forearm, followed by the 
dorsal surface of the forearm is assessed for 
a suitable vein. If no vein is sufficient in 
the forearm, a frequent finding in the 
end-stage renal patient, the same protocol 
should be followed in the dominant arm. 

Upper Arm Assessment 

If a forearm fistula is not possible, the upper 
arm should be assessed for anatomy suitable 
for a fistula. A tourniquet is placed at the 
axilla. The brachial artery is measured above 
its bifurcation into the radial and ulnar 

FIGURE 1 7-4. Normal cephalic vein at the wrist. 
The cephalic vein has a normal diameter measuring 
2.9 mm (cursors) and normal depth of 3.4 mm. 
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FIGURE 1 7-5. Normal brachial artery at the 
antecubital fossa. Transverse gray-scale image 
shows normal arterial diameter measuring 
S.4 mm (cursors) . Note the paired brachial veins 
(arrows) .  

arteries. Satisfactory internal diameter 
should be 2 mm or greater (Fig. 1 7-5) .  

The cephalic vein diameter i s  then meas
ured at the elbow. For a brachiocephalic 
fistula, it should measure at least 2.5 mm 
and extend approximately 2 cm below the 
antecubital fossa. Several centimeters of 
vein are needed to make the anastomosis 
with the brachial artery near the antecubital 
fossa. Alternatively, the surgeons may use a 
median cubital branch of the cephalic vein 
as it travels close to the brachial artery; 
therefore, this branch should also be 
evaluated. 

If an adequate cephalic vein is not found 
(Fig. 1 7-6), the basilic vein (Fig. 1 7-7) is 
assessed for a basilic vein transposition or 
graft and the brachial veins are measured 
(for a possible graft) . A basilic vein suitable 
for a basilic vein transposition must extend 

FIGURE 1 7--6. Small cephalic vein in the caudal 
upper ann. Transverse gray-scale image shows 
a small cephalic vein measuring 1 .4  mm that 
does not meet 2-mm minimum diameter 
(cursors) .  

at least 2 cm caudal to the antecubital fossa 
to provide a suitable length to loop around 
and connect with the brachial artery. If the 
basilic vein does not extend 2 cm into the 
forearm, it may still be of adequate diame
ter for a graft (4 mm) .  

I f  a suitable vein i s  found, its continuity 
with the deep venous system must be con
firmed. To this end, the vein is followed 
cephalad to ensure that it is continuous and 
of adequate size along its entire course, until 
it empties into the deep venous system. 
The diameter of the deep system venous 
drainage is also evaluated to the point at 
which it empties into the subclavian vein. 
If no anatomy suitable for an AVF, forearm 
loop, or upper arm straight graft is found, 
the axillary vein and axillary artery diame
ters are measured for a possible upper arm 
loop graft. 

l�� 
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Subclavian, Internal Jugular, 
and Central Vein Assessment 

The subclavian and internal jugular (IJ) 
veins are evaluated directly for stenosis and 
thrombus, from either a prior central line 
or venous thrombosis. Spectral waveforms 
should be assessed in the medial portion 
of the subclavian vein, and the caudal 
portion of the IJ, for respiratory phasicity 
and transmitted cardiac pulsatility (Fig. 
1 7-8). If these flow features are absent 
(monophasic flow is demonstrated), central 
venous stenosis or obstruction is inferred. 
The contralateral subclavian and IJ should 

FIGURE 1 7-7. Normal basilic vein in upper 
arm. Transverse gray-scale image shows a 
normal basilic vein measuring 2.6 mm diame
ter (cursors). The vein depth is not considered, 
since the vein will be surgically isolated and 
superficially tunneled within the upper arm to 
the brachial artery for anastomosis. 

then be examined. If the flow abnormal
ity is unilateral, brachiocephalic vein steno
sis is likely. If bilateral, a superior vena cava 
(SVC) stenosis or occlusion is likely. Figure 
1 7-9 shows abnormal unilateral respiratory 
phasicity and transmitted cardiac pulsatility 
in the left subclavian vein, consistent with 
a brachiocephalic vein stenosis or occlu
sion. Occasionally, the brachiocephalic 
veins and SVC can be directly visualized 
with ultrasound. In such cases, they are 
best seen with a small footprint trans
ducer placed above the medial clavicle 
or in the sternal notch, using central 
angulation. 

FIGURE 1 7-8. Normal subclavian vein. Longi
tudinal duplex Doppler image demonstrates 
color flow filling the vein and a normal spec
tral waveform with phasic temporary reversal 
of flow during respiration. 
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CHAPTER 1 7  Ultrasound Evaluation Before and After Hemodialysis Access 

FIGURE 1 7-9. Abnormal subclavian vein wave
form. A, Longitudinal duplex Doppler shows 
normal phasic flow within the right subclavian 
vein. B, Duplex Doppler of the left subclavian 
vein depicts abnormal monophasic venous 
waveforms. C, Subsequent venogram confirms 
occlusion of the left brachiocephalic vein 
(arrow). 

KEY POINTS REGARDING 
PREOPERATIVE MAPPING 

c 

1 .  It may be possible to create a forearm 
cephalic vein AVF, even if the cephalic 
vein in the upper arm is small or 
occluded by thrombus. If the cephalic 
vein in the forearm drains into the 

brachial or basilic veins via an ade
quately sized median cubital or other 
branch vein, it is suitable for AVF 
creation. 

2. It is important to carefully assess vein 
branch points, as areas of focal steno
sis may occur at accessory vein take
offs. These stenoses may significantly 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


�� � _______________________ S_K_T_'O_N_I_"_E_x_�_e_m_;� __ A_n_e_�_k_s ______________________ � 
limit flow in a subsequently created 
access. 

3. The cephalic vein may meet diameter 
criteria for AVF creation yet may be too 
deep' to access easily at hemodialysis once 
the AVF is mature. Therefore, the depth 
of the cephalic vein from the skin surface 
should be measured during the ultra
sound mapping procedure. If the vein is 
greater than O.S cm in depth, it will likely 
be difficult to palpate the vein with suffi
cient confidence to permit the insertion 
of a I S-gauge needle into it for hemo
dialysis.9 Detection of a vein that is too 
deep but otherwise suitable for an AVF 
allows the surgeon to inform the patient 
preoperatively about the potential need 
for a second procedure to "superficialize" 
the vein in the subcutaneous tissues. This 
discussion allows the patient to decide 
whether to accept the procedure. 

4. A high radial artery takeoff from the 
brachial or even axillary artery · in the 
upper arm is a common anatomic 
variant. The presence of this variant can 
be suspected when two arteries with 
accompanying paired veins are seen in 
the upper arm. These arteries should be 
followed into the forearm, where they 
assume the respective positions of the 
radial and ulnar arteries. Hemodialysis 
access surgeons are reluctant to place a 
forearm graft or upper arm straight graft 
in a patient with a high radial artery 
takeoff, as the chance for arterial steal is 
increased. Infrequently, a prominent 
arterial branch that courses posteriorly 
toward the elbow can mimic a high 
radial artery takeoff. Following the 
course of the artery more distally allows 
differentiation. 

S. It is important to analyze the spectral 
waveform of the brachial and radial 
arteries to detect either proximal or dis
tal arterial obstruction. With proximal 
obstruction, the waveforms are mono
phasic and dampened. With distal ob
struction, the waveforms have a normal 
triphasic pattern, but the velocity may be 
reduced because of diminished outflow. 
Malovrh1o noted a higher success rate 
in forearm fistulas in patients who con
verted from triphasic to monophasic 

flow after release of a clenched fist. In his 
series, no radial artery diameter thresh
old was applied. However, we did not 
find an arterial peak systolic velocity 
(PSV) cutoff or change in resistive index 
with a clenched fist maneuver that is pre
dictive of subsequent AVF maturation, 
assuming the standard minimum diame
ter criteria of 2 mm is met, l l  and do not 
recommend the use of PSV or resistive 
index criteria. 

AVF MATURITY ASSESSMENT 

General Principles 

A frequently used definition of a mature AVF 
in the United States is a fistula that is usable 
for hemodialysis at a flow of 3S0 cc/min at 
six dialysis sessions in one month.12 Practi
tioners in other countries, particularly in 
Europe, accept lower AVF flows with subse
quently longer dialysis times.1,2 A mature 
AVF can be identified clinically as one that 
has a large, easily palpable vein that can 
provide access for two I S-gauge needlesY 
Experienced dialysis nurses were found to 
have an 80% accuracy rate in determining 
whether an AVF was mature enough to 
successfully undergo hemodialysis.9 For the 
obviously mature AVF, clinical examination 
by an experienced nephrologist or dialysis 
nurse is sufficient. However, if AVF maturity 
is in doubt, ultrasound is a useful non
invasive modality for determining if the AVF 
is adequate. If not, ultrasound findings 
serve a triage function, directing the patient 
to either the interventional radiologist 
or surgeon. Sonographic evaluation can 
address multiple anatomic features of the 
AVF, including the presence of stenosis, 
minimum vein diameter, and the maximum 
vein depth from the skin surface. 

Sonographic Evaluation of 
AVF Maturity 

The protocol for ultrasound evaluation of 
an AVF for maturity has been previously 
described,9 as well as associated diagnostiC 
pitfalls. 14 The evaluation of the AVF is a 
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more focused sonographic examination 
than vascular mapping prior to hemo
dialysis access placement. It is important to 
note that a tourniquet is not used during 
the routine AVF examination. A high
resolution (7 -MHz or higher) linear ultra
sound probe is used to evaluate the AVF 
feeding artery and draining vein or veins. 
The transverse plane is used to identify 
and evaluate vesSel diameter, wall thickness, 
and compressibility. Spectral and color 
Doppler examination are conducted in the 
longitudinal plane of the AVF feeding artery 
and draining vein and at any visualized 
stenosis. 

The arm is placed in a comfortable posi
tion on towels on a procedure stand. Using 
minimal pressure and abundant ultrasound 
gel, the feeding artery, arteriovenous anas
tomosis, and draining vein are evaluated. 
The diameter of the draining vein is meas
ured routinely in the caudal, mid-, and 
cranial portions of the forearm, and simi
larly in the upper arm when a forearm AVF 
is evaluated. The entire draining vein 
should be scanned, and the minimum 
diameter should be measured, even if it 
occurs at a location not routinely measured. 
The depth of the anterior wall of the AVF 
from the skin surface is also measured. 

The AVF feeding artery, anastomosis, and 
draining vein are analyzed, using spectral 
and color Doppler. Peak systolic velocity is 
measured at the anastomosis and 2 cm 
cephalad to the anastomosis in the feeding 
artery. A PSV ratio is then calculated by 
dividing the PSV at the anastomosis by the 
PSV obtained 2 cm cranial to the anasto
mosis (Fig. 1 7-10). We generally begin to be 
concerned about stenosis at the arteriove
nous anastomosis when the PSV ratio 
rea�hes 3 .0.14 Visual confirmation of a 
stenosis at the arteriovenous anastomosis is 
useful, as the PSV in the draining vein may 
be significantly elevated merely because of 
the acute angulation of the draining vein at 
the anastomosis. 

If the draining vein is visibly narrowed, 
peak systolic velocities are measured at the 
stenosis and 2 cm caudal to the stenosis. A 
PSV ratio is calculated as follows: The PSV 
at the stenosis is divided by the PSV 
obtained 2 cm caudal to the stenosis. If the 

B 
FIGURE 1 7-10. Anastomotic stenosis of arteriovenous 
fistula. A, Longitudinal color and spectral Doppler of 
the feeding artery 2 ern upstream from the arteriove
nous anastomosis shows normal arterial waveform 
with PSV 12 ern/sec. B, Color and spectral Doppler at 
the anastomosis shows elevated PSV 384 em/sec yield
ing a ratio much greater than 3.1 ,  consistent with AVF 
stenosis. 

PSV ratio is 2 or more, it is classified as a 
�50% diameter stenosis. Both arteriovenous 
and draining vein stenoses may be treated 
with angioplasty or surgical revision. The 
most frequent location of AVF stenoses is 
perianastomotic. 16 

The depth of the anterior wall of the 
draining vein from the skin surface is meas
ured in the forearm for a forearm AVF and 
in the upper arm for an upper arm AVF. If 
the depth of the vein is greater than 0.5 cm, 
it will be too deep for easy access with a 15-
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FIGURE 1 7-1 1 .  Deep draining vein. Transverse gray
scale image of draining cephalic vein (cursors) of an 
upper arm brachiocephalic fistula shows normal diam
eter of a mature fistula measuring 11 mm. However, 
the depth of the vein, 11  mm, may limit palpation and 
cannulation with dialysis needles. 

gauge needle9 (Fig. 1 7-1 1) .  Blood flow is 
measured in the AVF in mL/min, using the 
volume flow measurement function off the 
duplex instrument. If the blood flow equals 
or exceeds 500 mL/min, the likelihood of 
fistula adequacy is nearly twice as great as 
with lower flow rates. We found that com
bining venous diameter and volume flow 
measurement increased our ability to 
predict fistula adequacy. A venous diameter 
of 4 mm or greater and flow volume equal
ing or exceeding 500 mL/min confirmed 
AVF maturity in 95% of cases, versus a 
maturity rate of only 33% when neither cri
terion is met.9 

KEY ADDITIONAL POINTS 
REGARDING AVF EVALUATION 

1. Look for the presence of large vein 
branches involving the first 10 cm of the 
draining vein (Fig. 1 7-12). These acces
sory branches may divert a significant 
amount of flow from the primary drain
ing vein with resultant decrease in flow 
to below functional levels. Such flow 
diversion is a frequent reason for AVF 
immaturity. 16 These branches can be sur
gically ligated, thereby increasing the 
likelihood that the AVF will matureY 

2. '  Occasionally, a patient with an AVF may 
present for evaluation of arm swelling. 
Respiratory phasicity and transmitted 
cardiac pulsatility should be evaluated in 
the subclavian and internal jugular 
veins, to assess for the possibility of a 
central venous stenosis (Fig. 1 7-13). 
The brachial veins should also be evalu
ated for the presence of deep venous 
thrombosis. 

3. Infrequently, a patient will have symp
toms of arterial steal with an AVF, such 
as hand pain and numbness, particularly 
during dialysis. Flow direction of the 
distal radial artery is evaluated using 
spectral and color Doppler. Arterial steal 
is diagnosed when the flow in the radial 
artery is reversed.14 It is important to rec
ognize that asymptomatic arterial steal 
can be present in AVFs and is of no clin
ical significance. 

GRAFT EVALUATION 

General Principles 

Compared with AVFs, grafts are generally 
considered a less desirable method for per
manent hemodialysis access because of 

FIGURE 1 7-1 2. Large draining vein branch within 
10 em of the anastomosis. Transverse gray-scale image 
shows a large venous branch (cursors) measuring 
4.9 mm, which is Similar in size to the draining 
cephalic vein (arrow). A large draining vein may sump 
away flow from the draining vein and hinder fistula 
maturation. 
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A B 

FIGURE 1 7-1 3. Central venous thrombosis. 
A, Longitudinal color Doppler of left internal 
jugular vein demonstrates heterogeneous clot 
within the vessel, which has no visible flow. 
B, Monophasic flow in the left lateral aspect 
of the subclavian vein (arrows) on spectral 
Doppler suggests thrombosis or stenosis of the 
brachiocephalic vein. Note that normal ve
nous waveforms in the right internal jugular 
and subclavian veins (not shown) excluded 
superior vena cava location of the obstruction. 
C, Magnetic resonance venography of the 
chest and neck shows flow within the cranial 
left internal jugular vein and lateral subclavian 
vein (arrowheads). There is no flow in the 
expected course of the left brachiocephalic 
vein, caudal internal jugular vein, and medial 
subclavian vein (arrows). C 

their higher rates of stenosis, infection, and 
pseudoaneurysms.l,z Graft stenosis occurs 
because of intimal hyperplasia, most com
monly located at the venous anastomosis. IS 

Many surveillance methods for the detec
tion of graft stenosis have been suggested, 
including physical examination, various 
laboratory measurements, static and dy
namic pressure measurements performed 
during hemodialysis, duplex ultrasound, 
and ultrasound dye dilution.l,z Although it 
is widely agreed that surveillance may 
increase graft patency rates, no definite con
sensus has been established regarding the 

best surveillance method at the time of this 
writing. Research in this important area 
continues, however, as all of the surveil
lance methods described here are less inva
sive than rOl�tine angiography. 

The clinically symptomatic graft should 
be referred to angiography for diagnosis and 
potential treatment of any stenosis found. 
Ultrasound graft assessment is reserved for 
patients with a palpable focal mass in the 
vicinity of the graft and those in whom 
there is an intermediate likelihood of graft 
stenosis. In the evaluation of the focal mass, 
it is important to differentiate a hematoma 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


���1 L-_��--------------------------------------------------------------------------------� 
SECTION 111 Extremity Arteries 

A B 

c o 
FIGURE 1 7-14. Stenosis of upper arm straight graft venous anastomosis. A, Color Doppler of the venous anasto
mosis (arrows) shows color aliasing of flow at the stenosis. B, Duplex Doppler within the graft 2 cm upstream from 
the venous anastomosis has normal flow, with PSV 134 cm/sec. C, Spectral Doppler at the venous anastomosis 
shows turbulent flow with PSV 435 cm/sec, which yields a PSV ratio of 3.2, consistent with stenosis. D, Angiog
raphy of the graft demonstrates a focal venous anastomotic stenosis with greater than 50% narrowing (arrow). The 
stenosis was successfully treated with balloon angioplasty (not shown). 
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CHAPTER 1 7  Ultrasound Evaluation Before and After Hemodialysis Access 1339) 
from a pseudoaneurysm. An area of graft 
with a relatively larger diameter because of 
graft degeneration is another potential 
cause of a palpable mass. Additional indica
tions for graft ultrasound include the eval
uation of clinically significant arterial 
steal , 14 resulting in arterial insufficiency to 
the hand. 

Sonographic Evaluation 
of Grafts 

The protocol for evaluation of dialysis 
access grafts for stenosis and perigraft find
ings has been previously described,ls as well 
as a discussion of diagnostic pitfalls.14 A 
tourniquet is not used during examination 
of a graft. A high-resolution linear ultra
sound probe, generally 7 MHz or greater, is 
used to evaluate the artery feeding the graft, 
the arterial anastomosis, the graft body, the 
venous anastomosis, and the draining vein 
or veins. The transverse plane is used to 
identify graft anatomy and to evaluate graft 
and vessel diameters. Spectral and color 
Doppler are assessed in the longitudinal 
plane of the anastomoses, within the graft, 
and at any visualized stenosis. 

The arm is placed in a comfortable posi
tion on towels on a procedure stand. The 
feeding artery, graft, arterial and venous 
graft anastomoses, and draining vein are 
evaluated in both the transverse and longi
tudinal planes, using gentle pressure with 
the transducer. The graft is readily identified 
sonographically by the presence of two 
echogenic parallel lines representing the 
graft wall. It is useful to familiarize oneself 
with the particular anatomy present in the 
patient before attempting analysis for the 
presence or absence of stenosis. For ex
ample, identification of the direction of 
blood flow in a loop graft is useful, allowing 
identification and labeling of the arterial 
limb (the side of the loop graft closest to the 
arterial anastomosis) and the venous limb 
(the side of the loop graft closest to the 
venous anastomosis). 

Peak systolic velocities are assessed 2 cm 
cranial to the arterial anastomosis (within 
the feeding artery), 2 cm caudal to the 
venous anastomosis (within the graft), at 

the arterial and venous anastomoses, and 
mid-graft. A PSV ratio is calculated at the 
anastomoses (as described previously for 
AVFs) and at any visible stenosis. A stenosis 
with a PSV ratio of 2.0 or greater is classified 
as equaling or exceeding 50% diameter 
reduction. A stenosis with a PSV ratio of 3.0 
or greater indicates a stenosis of 75% or 
greater. 1S We use a PSV equaling or exceed
ing 3 .0, as well as visual confirmation of 
stenosis, for the arterial anastomosis, as 
abrupt angulation there typically causes an 
increase in PSv. Figure 1 7-14 shows a sig
nificant stenosis at the graft venous anasto
mosis, with angiographic confirmation and 
treatment. When the PSV is close to 2.0, a 
significant stenosis is likely, although visual 
confirmation of narrOWing is useful. The 
same PSV criteria are used for evaluating 
draining vein stenoses. 

KEY ADDITIONAL POINTS 
REGARDING GRAFT 
EVALUATION 

1. The internal jugular and subclavian veins 
should be evaluated routinely for respi
ratory phasicity and transmitted cardiac 
pulsatility. However, particularly in the 
presence of an upper arm graft, 
monophasic flow may be seen in the sub
clavian vein, in the absence of a central 
stenosis. 

2.  Graft arterial steal occurs when the 
venous outflow from the graft exceeds 
the capacity of the inflow artery. This 
causes the graft to "steal" blood from 
more caudal portiOns of the extremity, 
which can cause symptoms of arterial 
insufficiency, particularly during dialysis. 
To assess for arterial steal, a spectral 
waveform is obtained in the radial artery 
distal (caudal) to the graft insertion, 
usually at the wrist. If the direction of 
flow is reversed caudal to the graft, the 
diagnosis of a complete arterial steal can 
be made. If the spectral waveform is 
biphasic, a partial steal is present. Gentle, 
brief compression of the graft returns the 
abnormally reversed arterial flow direc
tion to normal, confirming the existence 
of the steal phenomenon. Asymptomatic 
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�� SECTION 1/1 Extremity Arteries ------------------------------------------------------� 
steal is relatively common and of no clin
ical significance. However, severely 
symptomatic patients may require graft 
ligation to correct the steal. 
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Chapter 
1 8  

Ultrasound Assessment of Lower 
Extremity Arteries 

R. EUGENE ZIERLER, M D 

The purpose of noninvasive testing for 
lower extremity arterial disease is to provide 
objective information that can be com
bined with the clinical history and physical 
examination to form the basis for decisions 
regarding further evaluation and treatment. 
One of the most critical decisions relates to 
whether a patient is a candidate for thera
peutic intervention and should undergo 
further imaging studies. Contrast arteriog
raphy has generally been regarded as the 
definitive examination for lower extremity 
arterial disease, but this approach is inva
sive, expensive, and poorly suited for 
screening or long-term follow-up testing. In 
addition, arteriography provides anatomic 
rather than physiologic information, and it 
is subject to significant variability at the 
time of interpretation. 1,2 The most valid 
physiologic method for detecting hemody
namically significant lesions is direct, intra
arterial pressure measurement, but this 
method is also impractical in many clinical 
situations. 

As discussed in Chapter 15 ,  the nonimag
ing or indirect noninvasive tests of the 
lower extremity arteries, including the 
measurement of ankle systolic blood pres
sure and segmental limb pressures, provide 
valuable physiologic information, but these 
tests provide relatively little anatomic 
detai1.3  Duplex scanning extends the capa
bilities of indirect testing by obtaining 
anatomic and physiologic information 
directly from sites of arterial disease. The 
initial application of duplex scanning con
centrated on the clinically important 
problem of extracranial carotid artery 
disease. The focal nature of carotid athero-

sclerosis and the relatively superficial loca
tion of the carotid bifurcation contributed 
to the success of these early studies.4 Con
tinued clinical experience and advances in 
technology, particularly the availability of 
lower-frequency duplex transducers, have 
made it possible to obtain image and flow 
information from more deeply located 
vessels. Therefore, it is now feasible to eval
uate the abdominal and lower extremity 
arteries with duplex ultrasound. This 
chapter reviews the current status of duplex 
scanning for the initial evaluation of lower 
extremity arterial disease. The more spe
cialized applications of intraoperative as
sessment and follow-up after arterial 
interventions are covered in Chapter 19. 

INSTRUMENTATION 

The commercially available duplex ultra
sound instruments consist of a two
dimensional B-mode imaging system, a 
pulsed Doppler flow detector, and a spec
trum analyzer. Transducer frequencies of 
approximately 3 MHz are most suitable 
for evaluating the abdominal vessels in 
average-size adults, whereas a 5-MHz trans
ducer can be used for thin individuals. 
Examination of the more distal, superfi
cially located arteries in the legs can be 
performed with 5-, 7 .5-, or lO-MHz trans
ducers. In general, the highest-frequency 
scan head that provides adequate depth 
penetration should be used. 

Most duplex instruments also offer a color 
flow and power Doppler display. Color flow 
imaging offers several advantages over 
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FIGURE 1 8-1 .  Moderate superficial femoral artery stenosis. Color Doppler image shows a posterior plaque 
(arrow) and a localized, high-velocity jet. The spectral waveform from the site of stenosis indicates a 20% to 49% 
diameter-reducing lesion. (From Zierler RE, Zierler BK: Duplex sonography of lower extremity arteries. Semin 
Ultrasound CT MR 18:39-56, 1997.) 

spectral waveforms for the assessment of 
lower extremity arteries. The color flow 
image helps identify vessels and flow abnor
malities caused by arterial lesions (Figs. 18-1 
and 18-2). The ability to visualize flow 
throughout a vessel improves the precision 
of Doppler sample volume placement for 
obtaining spectral waveforms. Thus, color 
flow imaging has the potential for reducing 
examination time and improving overall 
accuracy. Power Doppler is an alternative 
method for displaying flow information 
that may be more sensitive to low flow rates 
than color flow imaging, and it is less 
dependent on the direction of flow and the 
angle of the ultrasound beam. Therefore, it 
tends to produce a more "arteriogram-like" 
vessel image. It must be emphasized, 
however, that color flow and power Doppler 
imaging are not replacements for conven
tional duplex techniques. In particular, 
spectral waveform analysis remains the 
primary method for classifying the severity 
of disease.s 

Duplex instruments are equipped with 
specific combinations of ultrasound param
eters for imaging and flow detection that 
can be selected by the examiner for a par
ticular application. These preset combina
tions can be helpful, especially during the 
learning process, but the parameter combi
nations supplied with an instrument may 
not be adequate for all patient examina
tions. A complete understanding of the 
ultrasound parameters that are under the 
examiner's control is essential for producing 
optimal arterial duplex scans. 

DUPLEX ASSESSMENT OF 
LOWER EXTREMITY ARTERIES 

Technique 

As for the other arterial applicatiOns of 
duplex scanning, the lower extremity 
assessment relies on the B-mode image to 
identify the artery of interest and facilitate 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


CHAPTER 1 8  Ultrasound Assessment of lower Extremity Arteries 
L-____________ � ________________ � ____ __ 

F�] 

.... 1 ........................ 1 ................... 1 .... 1 .... 1 .... 1 .... 1 .... 1 .... 1 .... 1 .... 1 .... 1 .... 1 .... 1 
FIGURE 1 8-2. Color Doppler image of a posterior tibial artery showing a small vessel with relatively low flow veloc
ities. The corresponding normal spectral waveform is triphasic. (From Zierler RE, Zierler BK: Duplex sonography 
of lower extremity arteries. Semin Ultrasound CT MR 18:39-56, 1997.) 

precise placement of the Doppler sample 
volume for spectral waveform analysis.6 
Both color flow and power Doppler imag
ing can supplement the B-mode and 
spectral waveform information. The two
dimensional tissue image is valuable for 
recognizing anatomic variations and for 
identifying arterial disease by showing 
plaque or calcification. It has not been pos
sible, however, to determine the degree of 
arterial narrowing from the image alone. 
Therefore, the classification of disease sever
ity is based primarily on interpretation of 
the pulsed Doppler spectral waveforms. 

When examining an arterial segment, it is 
essential to evaluate the flow pattern at 
closely spaced intervals. This is necessary 
because the flow disturbances produced by 
arterial lesions are only propagated along 
the vessel for a short distance. Experimen
tal work has shown that the high-velocity 

jets and turbulence associated with arterial 
stenoses are damped out over a distance of 
only a few vessel diameters. 7 Consequently, 
failure to identify localized flow abnormali
ties could lead to underestimation of disease 
severity. Because local flow disturbances are 
usually apparent with color flow imaging 
(see Fig. 18-1), pulsed Doppler flow samples 
may be obtained at more widely spaced 
intervals when color Doppler is used. 
Nonetheless, it is advisable to assess the flow 
characteristics with spectral waveform 
analysis at frequent intervals in extensively 
diseased vessels. 

Lengths of occluded arterial segments 
can be measured with a combination of B
mode, color flow, and power Doppler 
imaging by visualizing the point of occlu
sion proximally and the site where flow is 
reconstituted by collateral vessels distally. 
Because flow velocities distal to an occluded 
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segment may be low, it is important to 
adjust the imaging parameters of the instru
ment to detect low flow rates. 

For examination of the aorta and iliac 
arteries, patients should be fasting for about 
12 hours to reduce interference by bowel 
gas. Satisfactory aortoiliac Doppler signals 
can be obtained from approximately 90% 
of individuals who have been prepared in 
this way. It is usually most convenient to 
examine patients early in the morning, after 
an overnight fast. The patient is initially 
positioned supine with the hips rotated 
externally. A left lateral decubitus position 
may also be advantageous for the abdomi
nal portion of the examination. An electric 
blanket placed over the patient prevents 
vasoconstriction caused by low room 
temperatures.  

For a complete lower extremity arterial 
evaluation, scanning begins with the upper 
portion of the abdominal aorta. An anterior 

midline approach to the aorta is used, with 
the transducer placed just below the 
xyphoid process. Both ultrasound images 
and Doppler signals are best obtained in the 
longitudinal plane of the aorta, but trans
verse views are occasionally useful to define 
anatomic relationships. If specifically indi
cated, the mesenteric and renal vessels can 
be examined at this time, although these do 
not need to be examined routinely when 
evaluating the lower extremity arteries. The 
aorta is followed distally to its bifurcation 
(Fig. 18-3), and the iliac arteries are exam
ined separately to the level of the groin. 

Each lower extremity is examined in tum, 
beginning with the common femoral artery 
and working distally. After the femoral 
arteries are scanned throughout the thighs, 
it is often helpful to tum the patient to the 
prone position to examine the popliteal 
arteries. However, some examiners prefer 
to image the popliteal segment with the 

FIGURE 1 8-3. Color Doppler image of the aortic bifurcation. The difference in color between the common iliac 
branches is the result of different flow directions with respect to the transducer. Ao, aorta; CIA, common iliac 
artery. (From Zierler RE, Zierler BK: Duplex sonography of lower extremity arteries. Semin Ultrasound CT MR 
18:39-56, 1997.) 
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patient supine and the leg externally 
rotated and flexed at the knee. The tibial 
and peroneal arteries can be difficult to 
examine completely, but they can usually 
be imaged with color flow or power 
Doppler. These vessels are best evaluated 
either by identifying their origins from the 
distal popliteal artery and scanning distally 
or by finding the arteries at the ankle and 
working proximally. Several large branches 
can often be seen originating from the distal 
superficial femoral and popliteal segments. 
These are readily visualized with color flow 
or power Doppler imaging and represent 
the genicular and sural arteries. 

Pulsed Doppler spectral waveforms are 
recorded from any areas in which increased 
velocities or other flow disturbances are 
noted with color flow imaging. Recordings 
should also be made at the following stan
dard locations: (1)  the proximal and distal 
abdominal aorta; (2) the common, internal, 
and external iliac arteries; (3) the common 
and deep femoral arteries; (4) the proximal, 
middle, and distal superficial femoral arter
ies; (5) the popliteal arteries; and (6) the 
tibial/peroneal arteries at their origins and 
at the level of the ankle. A complete exam
ination of the aortoiliac system and both 
lower extremities may require up to 2 hours, 
but a single leg can usually be evaluated in 
less than 1 hour. An example of a worksheet 
for lower extremity arterial duplex scanning 
is shown in Figure 18-4. 

Normal Arterial Flow 
Characteristics 

Jager and colleagues8 have determined stan
dard values for arterial diameter and peak 
systolic flow velocity in the lower extremity 
arteries of SS healthy subjects (30 males, 2S 
females) ranging in age from 20 to 80 years 
(Table 18-1) .  Although women had smaller 
arteries than men, peak systolic velocities 
did not differ significantly between men 
and women in this study. However, the peak 
systolic velocities decreased steadily from 
the iliac to the popliteal arteries. 

Duplex scans of normal lower extremity 
arteries show the characteristic triphasic 

velocity waveform that is associated with 
peripheral artery flow (Fig. 18-5).  This flow 
pattern can be shown by both spectral 
waveforms and color flow imaging.9,10 The 
initial high-velocity, forward flow phase 
that results from cardiac systole is followed 
by a brief phase of reverse flow in early 
diastole and a final low-velocity, forward 
flow phase later in diastole. The reverse flow 
component is a consequence of the rela
tively high peripheral vascular resistance in 
the normal lower extremity arterial circula
tion. Reverse flow becomes less prominent 
when peripheral resistance decreases, This 
loss of flow reversal typically occurs in 
riormal limbs with the vasodilatation that 
accompanies reactive hyperemia or limb 
warming. The reverse flow component is 
also absent distal to severe occlusive 
lesions. 

The normal lower extremity center stream 
arterial flow pattern is relatively uniform, 
with the red blood cells all having nearly 
the same velocity, Therefore, the flow is 
laminar, and the corresponding spectral 
waveform contains a narrow band of fre
quencies with a clear area under the systolic 
peak (Fig. 18-6). Arterial lesions disrupt this 
normal laminar flow pattern and give rise to 
characteristic velocity changes that produce • 
a widening of the frequency band; this is 
referred to as spectral broadening. 

Abnormal Arterial 
Flow Patterns 

Based on the established normal and abnor
mal features of spectral waveforms, a set of 
criteria for classifying diseased lower 
extremity arterial segments has been devel
oped.6,8 These criteria are summarized in 
Table 18-2 and Figure 18-6. Minimal 
disease (10/0-19% diameter reduction) is 
indicated by a slight increase in spectral 
width (spectral broadening), without a sig
nificant increase in peak systolic velocity. 
This minimal spectral broadening is usuaUy 
found in late systole and early diastole. 
Moderate stenosis (200/0-49% diameter 
reduction) is characterized by more promi
nent spectral broadening and by some 
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SECTION 11/ Extremity Arteries 
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FIGURE 1 8-4. Example of a vascular laboratory worksheet used for the lower extremity arterial assessment. (Cour
tesy of University of Washington Academic Medical Center, Seattle, WA) 

Table 1 � 1 .  Mean Arterial Diameters and Peak Systolic Flow Velocities· 

Artery DIaDIeter ± SD (c:m) Velodty ± SD (c:m/sec) 
External illac 
Common femoral 
Superfidal femoral (proximal) 
Superfidal femoral (distal) 
Po�llteal 

0.79 ± 0. 13 
0.82 ± 0. 14 
0.60 ± 0. 12 
0.54 ± 0. 1 1  
0.52 ± 0. 1 1  

1 19.3 ± 21.7 
1 14.1 ± 24.9 

90.8 ± 13.6 
93.6 ± 14.1 

___ � ___ 68.8 ± .;.1.;.;3'.;.5_� __ -" 

*Measurements by duplex scanning in SS healthy subjects. 

SD, standard deviation. 
Adapted from Zierler RE, Zierler BK: Duplex sonography of lower extremity arteries. Semin Ultrasound CT 

MR 18:42, 1997. 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


F,GURE 1 8-5. Spectral waveforms from a normal iliac artery segment. The waveforms are triphasic and contain a narrow 
band of frequencies, with a clear area under the systolic peak. Peak systolic velocities are approximately 100 em/sec . 
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FIGURE 1 8-6. Lower extremity spectral 
waveforms. These are typical wave
forms for each of the stenosis cate
gories described in Table 18-2. 

increase in peak systolic velocities. High
grade stenosis (50%-99% diameter reduc
tion) produces the most severe flow 
disturbance, with markedly increased peak 
systolic velocities, extensive spectral broad-

documented when no Doppler flow Signal 
can be detected in the lumen of a clearly 
imaged vessel. Spectral waveforms obtained 
distal to a high-grade stenosis or occlusion 
are generally monophasic, with reduced sys
tolic velocities. The features of waveforms 
taken proximal to a stenotic lesion are vari-

_ ening, and loss of the reverse flow compo
nent. Occlusion of an arterial segment is 

Table 1 8-2. Criteria for Classifying Peripheral Artery Lesions· 

Normal 
1 %-19% diameter 

reduction 

2()1)(�9% diameter 
reduction 

S()I)()""99% diameter 
reduction 

Occlusion 

Featara 

Triphasic waveform; no spectral broadening 
Triphasic waveform with minimal spectral broadening only; peak systolic 

velocities Increased < 30% relative to the adjacent proximal segment; proximal 
and dIstal waveforms remain normal 

Triphasic waveform usually maintained, although reverse flow component may 
be diminished; spectral broadening is prominent, with filling in of clear area 
under the systolic peak; peak systolic velocity is increased from 309fr.l00% 
relative to the adjacent proximal segment; prOximal and distal waveforms 
remaln normal 

Monophasic waveform with loss of reverse flow component and forward flow 
throughout cardiac cycle; extensive spectral broadening; peak systolic velocity 
Is increased > 1 00%  relative to adjacent proximal segment; distal waveform is 
monophasic, with reduced systolic velocity 

No flow detected within imaged arterial segment; preocclusive "thump" may be 
heard just proximal to site of occlusion; distal waveforms are monophasic, 
with reduced systolic velocities 

*Based on duplex scanning with spectral waveform analysis. 
Adapted from Zierler RE, Zierler BK: Duplex sonography of lower extremity arteries. Semin Ultrasound CT 
MR 18:43, 1997. 
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able and depend primarily on the status 
of the intervening collateral circulation. 
Immediately proximal to art arterial occlu
sion, the spectral waveforms show ex
tremely low peak systolic velocities and 
little or no flow in diastole. 

An important difference between spectral 
waveform analysis and color flow imaging 
is that spectral waveforms display the 
entire frequency and amplitude content of 
the pulsed Doppler signal at a specific site, 
whereas the color flow image provides a 
single estimate of the Doppler shift fre
quency or flow velocity for each site within 
the B-mode image. Thus, spectral waveform 
analysis actually provides considerably 
more flow information from each individ
ual site than color flow imaging. The main 
advantage of the color flow display is that it 
presents flow information throughout the 
B-mode image, although the actual amount 
of data for each site is reduced. Spectral 
waveforms contain a range of frequencies 
and amplitudes that allow determination of 
flow direction and parameters such as 
mean, mode, and peak frequency or veloc
ity. In contrast, color aSSignments are based 
on flow direction and a single mean or 
average frequency estimate. Consequently, 
the peak or maximum Doppler frequency 
shifts found with spectral waveforms are 
generally higher than those indicated by the 
color flow image. Because of this difference, 
the color flow image may not show some 
high-velocity jets that are apparent on spec
tral waveforms. 

Validation Studies 

Although the criteria listed in Table 18-2 
include several categories for lesions of less 
than 50% diameter reduction, the distinc
tion between these categories is often sub
jective and rarely of clinical importance. The 
most useful classification for clinical pur
poses recognizes those lesions of less than 
50% diameter reduction, 50% to 99% diam
eter reduction, and occlusion. More precise 
classification 'of diameter reduction within 
the 50% to 99% stenosis category is not cur
rently possible based on the commonly used 
spectral waveform and color flow parame-

ters. l1  Jager and associates6 used duplex 
scanning to evaluate 338 arterial segments 
in 54 lower extremities of 30 patients and 
compared the severity of stenosis as classi
fied by spectral waveform analysis to the 
results of independently interpreted arteri
og'rams. For all segments, duplex scanning 
differentiated between normal and diseased 
arteries with a sensitivity of 96% and a speci
ficity of 81%. Duplex scanning distin
guished between stenoses of greater or less 
than 50% diameter reduction with a sensi
tivity of 77% and a specificity of 98%. These 
results compare favorably with the variabil
ity found when two different radiologists 
interpreted the same lower extremity arteri
ograms as either normal or diseased (sensi
tivity, 98%; specificity, 68%), or as greater or 
less than 50% diameter reduction (sensitiv
ity, 87%; specificity, 94%).2 

A second validation study was reported 
by Kohler and coworkers, 12 who evaluated 
393 lower extrel11ity arterial segments in 32 
patients by both duplex scanning and arte
riography. For correctly identifying stenoses 
that had a significant (measured) pressure 
gradient or that reduced the lumen diame
ter by more than 50%, duplex scanning had 
a sensitivity of 82%, a specificity of 92%, a 
positive predictive value of 80%, and a neg
ative predictive value of 93%. The results 
were especially good for lesions in the iliac 
arteries (sensitivity, 89%; specificity, 90%). 
Lesions distal to very-high-grade stenoses or 
complete occlusions were difficult to detect 
because of the low flow velocities in these 
segments. This limitation was also observed 
by Allard and colleagues, 13 who found that 
the presence of 50% to 99% stenoses in 
adjacent arterial segments decreased both 
the sensitivity and specificity of lower 
extremity duplex scanning. 

Moneta and associates14 documented the 
accuracy of lower extremity duplex scan
ning in 286 limbs of 150 patients undergo
ing preoperative arteriography. Ninety-nine 
percent of arterial segments from the 
common iliac to the popliteal level were 
successfully visualized by duplex scanning, 
whereas 95% of the anterior and posterior 
tibial arteries and 83% of the peroneal arter
ies were adequately imaged. For arterial seg
ments proximal to the tibial level, duplex 
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scanning was evaluated for its ability to 
identify stenoses of greater than 50% diam
eter reduction and for its ability to distin
guish between stenosis and occlusion. In 
the tibial and peroneal arteries, the ability 
of duplex scanning to predict continuous 
patency from the popliteal to ankle level 
was assessed. In the proximal arterial seg
ments, the overall sensitivities for detecting 
a greater than 50% stenosis ranged from 
67% in the popliteal to 89% in the iliac 
arteries; corresponding specificities ranged 
from 97% to 99%. Stenosis was successfully 
distinguished from occlusion in 98% of 
proximal arterial lesions. For the more distal 
arteries, overall sensitivities for predicting 
continuous patency ranged from 93% to 
97%. Contrary to other reported experi
ence, 13 the accuracy of lower extremity 
duplex scanning was not significantly 
affected by the presence of multiple-level 
disease. 

CLINICAL APPLICATIONS 

The clinical role of noninvasive vascular 
testing can be considered in three general 
categories: screening, definitive diagnosis, and 
follow-up. Because the purpose of screening 
is to detect disease in a patient population 
where the prevalence of disease is presumed 
to be relatively low, a screening test should 
be low in cost and must not expose the 
patient to any significant risk. Screening 
also requires that the test have a high sen
sitivity or low false-negative rate to mini
mize the possibility of failing to detect 
disease. False-positive test results are less 
problematic, because the results of screen
ing are generally confirmed by further 
diagnostic tests prior to intervention. 
Appropriate patient selection can improve 
the yield of screening by increasing the pre
test probability of detecting a disease. 

Testing performed for definitive diagnosis 
is meant to provide the precise anatomic or 
physiologic information required for plan
ning treatment. Ever since it was first 
described in 1927, contrast arteriography 
has served as the /I gold standard" for the 
anatomic diagnosiS of arterial disease. 1S,16 
However, the high cost and invasive nature 

of arteriography make it unsuitable for 
many clinical applications, such as screen
ing or follow-up testing. Continued 
improvements in the accuracy of duplex 
scanning, together with a mandate to 
reduce the risks and cost of health care, 
have prompted many vascular surgeons to 
consider performing surgical procedures 
based on the results of noninvasive tests 
alone. This trend has been particularly 
evident in the assessment of carotid artery 
disease, and the planning of carotid 
endarterectomy based on duplex scanning 
alone has become a standard of practice in 
selected patients. 17,18 A similar trend can be 
seen for patients undergoing lower extrem
ity arterial bypass procedures. 19,20 

The purpose of follow-up testing is to 
detect progressive or recurrent disease at a 
previously diagnosed or treated site. 
Although this is similar to screening, it 
typically requires serial studies over time, 
and the terms follow-up and surveillance are 
often used interchangeably. Examples of 
surveillance include serial duplex scanning 
of infra inguinal vein grafts and patients 
undergoing peripheral angioplasty and 
stent procedures. These applications are dis
cussed in Chapter 19 .  

Screening Prior to Intervention 

It should be emphasized that it is not nec
essary to obtain a complete duplex scan on 
every patient who requires a noninvasive 
lower extremity arterial evaluation. In most 
clinical situations, the history, physical 
examination, and indirect measurement of 
ankle systolic blood pressures are sufficient 
to assess the presence and severity of arte
rial occlusive disease. Initial therapeutic 
plans can often be based on this informa
tion alone. If intervention is not warranted, 
then more sophisticated testing is usually 
not necessary. However, if more detailed 
anatomic information is needed for clinical 
decision making, then duplex scanning is 
the preferred method. Experience has 
shown that duplex scanning is superior to 
segmental pressure measurement for local
ization and classification of lower extremity 
arterial lesions.21 
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Lower extremity duplex scanning is gen
erally most helpful for those patients who 
are being considered for some form of direct 
intervention-either a catheter-based inter
vention or open surgical repair. The goal in 
this setting is to determine the location and 
extent of arterial lesions so that decisions 
can be made regarding the need for addi
tional imaging studies and the most appro
priate therapeutic approach. Assessment 
of aortoiliac disease is particularly difficult 
with other noninvasive methods, and 
duplex scanning has been especially valu-

able for that segment (Fig. 18-7) . Whether a 
particular arterial segment is suitable for an 
endovascular procedure or direct surgical 
reconstruction depends on the specific 
features of the lesion. For example, focal 
stenoses or short .occlusions in the iliac 
or superficial femoral arteries are often 
amenable to percutaneous transluminal 
angioplasty and stenting, whereas arterial 
segments with long, irregular stenotic 
lesions or extensive occlusions are better 
treated by a surgical approach with a bypass 
graft. The anatomic features that are 

L E FT I L IAC STENOSIS > 50% 

7 _ .  

L COM. I L .  PROX. 

..... �,.� .... . . .  JIitt 

�� -;i. / .... co�·ex1 
_ _ 

ext J--'" .. 
" � - in' -� 

, .- -;.-.�-
B-MODEI LEFT ILIAC BIFURCATION 
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FIGURE 1 8-7. Left common iliac stenosis >50% detected by duplex scanning. The proximal common (com) iliac 
and external (ext) iliac spectral waveforms are damped and monophasic and have markedly decreased velocities. 
The waveform taken in the stenotic j et (LCOM IL DIST) shows high peak systolic velocities and extensive spectral 
broadening. int, internal iliac. 
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/3521 SECTION III Extremity Arteries �--------------------------�------------------� 
particularly important in making this deter
mination are the site, severity, and length of 
the lesion. In addition, it is essential to assess 
the status of the inflow and the quality 
of the distal run-off. Duplex scanning pro
vides a practical means for obtaining this 
information without resorting to contrast 
arteriography or other anatomic imaging 
techniques such as magnetiC resonance or 
computed tomography angiography. 

Edwards and coworkers22 reported on 1 10 
patients who underwent lower extremity 
duplex scanning before arteriography. Based 
on the duplex scan findings, 50 lesions were 
considered suitable for percutaneous trans
luminal angioplasty. Of these, the proce
dure was actually performed in 47 (94%). In 
the remaining three cases, lesions were 
present as predicted by the duplex scan, but 
angioplasty was not performed for various 
technical reasons. No angioplasties were 
performed in patients who were found not 
to be candidates by duplex scanning. The 
characterization of lesions before arteri
ography and angioplasty facilitates the 
intervention by directing attention to the 
appropriate arterial segment and indicat
ing the optimal puncture site for catheter 
access to the lesion.22,23 Thus, with a pre
intervention duplex scan, it should not be 
necessary to perform separate diagnostic 
and therapeutic procedures. It is often valu
able to screen elderly or debilitated patients 
with duplex scanning. The goal in such 
patients is to identify lesions that can be 
treated by percutaneous techniques. If such 
lesions are not found and if open surgery is 
contraindicated, then further evaluation 
with arteriography is not necessary. 

Cossman and colleagues24 used color flow 
duplex scanning to examine 84 lower 
extremities in 61  patients undergOing eval
uation for excimer laser angioplasty. There 
were 629 arterial sites available for compar
ison with contrast arteriography. The sensi
tivity and specificity for identifying stenoses 
of greater than 50% diameter reduction 
were 87% and 99%, respectively. Occluded 
arterial segments were detected with a sen
sitivity of 81% and a specificity of 99%. 
Color flow imaging correctly determined 
the location and length of occlusion in 
44 of 5 1  extremities (86%) . In the four 

extremities in which color flow imaging 
underestimated occlusion length, repeat 
arteriography at the time of laser angio
plasty showed that the original arteriogram 
had not visualized a patent segment of 
proximal superficial femoral artery and thus 
had overestimated the length of occlusion. 
Therefore, color flow imaging provided 
accurate information on 48 of 5 1  arterial 
occlusions (94%). 

Definitive Diagnosis and 
Planning of Surgical Treatment 

The high accuracy of duplex scanning 
compared with contrast arteriography and 
reports of cases in which the duplex results 
appeared to be more reliable have raised the 
issue of whether duplex scanning might 
replace arteriography in the preoperative 
evaluation of lower extremity arterial 
disease. Kohler and associates25 performed a 
study to determine if vascular surgeons 
would choose different therapeutic proce
dures when provided with basic clinical 
information and the results of either lower 
extremity duplex scanning or arteriography. 
Relatively little disparity was found when 
decisions based on the two tests were com
pared for each individual surgeon. However, 
significant disagreement was noted among 
the clinical decisions made by various sur
geons, even when the duplex scan and arte
riogram reports agreed. These data suggest 
that most of the observed variability in 
patient management was caused by diver
sity in the clinical approach to particular 
patterns of disease rather than actual differ
ences in the results of the two diagnostic 
tests. 

The most important considerations in 
planning a surgical lower extremity revas
cularization procedure are the location and 
severity of arterial leSions, adequacy of 
inflow to the femoral level, and the identi
fication of a distal target vessel for a bypass 
graft. Ligush and coworkers19 compared the 
types of operatiOns predicted by duplex 
scanning or conventional arteriography 
with the actual operations performed in 36 
patients undergoing 40 infrainguinal bypass 
grafts for critical limb ischemia. A hemody-
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CHAPTER 1 8  Ultrasound Assessment of lower Extremity Arteries 
�------------------�--------------�--------------�-
namically significant stenosis was defined 
by a twofold increase in the peak systolic 
veloCity at the site of the lesion relative 
to a normal segment immediately proximal 
to the stenosis. The mean time required for 
duplex scanning was 30 minutes (range, 
20-55 min). Of the actual operations per
formed, 83% were correctly predicted by 
duplex scanning, and 90% were correctly 
predicted by arteriography. There was no 
significant difference in the ability of the 
two preoperative imaging met,hods to 
predict operative strategy. A similar study 
was reported by Wain and associates,20 who 
evaluated 41 patients having infrainguinal 
bypass grafts. The same veloCity criterion 
was used for a hemodynamically significant 
stenosis, and the typical duplex scanning 
time was approximately 60 minutes. Duplex 
scanning correctly predicted whether a 
femoropopliteal or infrapopliteal bypass 
graft was required in 90% of the cases. Both 
anastomotic sites were correctly predicted 
in 90% of femoropopliteal grafts (18 of 20 
patients) but only 24% of infrapopliteal 
grafts (5 of 21 patients). These authors con
cluded that duplex scanning was a reliable 
predictor of the distal anastomotic site for 
femoropopliteal bypass grafts but not for 
bypass grafts to the tibial or peroneal 
arteries. 

A recent study by Grassbaugh and col
leagues26 evaluated whether preoperative 
duplex scanning could take the place of 
contrast arteriography in selecting the 
target vessel for distal anastomosis in 
patients undergoing bypass grafts to the 
tibial or peroneal arteries. Forty lower 
extremities in 38 patients were examined by 
both duplex scanning and arteriography, 
and observers blinded to the actual opera
tion performed reviewed either the ultra
sound or arteriographic results and selected 
the optimal target vessel. The target vessel 
actually used was correctly predicted by 
duplex scanning in 88% of patients and by 
contrast arteriography in 93% of patients, a 
difference which was not statistically sig
nificant (P == .59) .  The distal arteries used 
for bypass grafting had significantly higher 
peak systolic velocities (mean 35 em/sec vs. 
25 cm/sec; P == .04) and end-diastolic veloc
ities (mean 15  cm/sec vs. 9 cm/sec; P == .005) 

compared with those not selected as target 
vessels. These authors noted occasional dif
ficulty in visualizing the peroneal artery, but 
they concluded that duplex scanning and 
arteriography typically agree when used to 
select the distal target vessel for a tibial or 
peroneal artery bypass graft. 

The experience summarized above sug
gests that duplex scanning alone is adequate 
for the preoperative evaluation of selected 
patients who require infrainguinal bypass 
grafting. However, it may be necessary to 
combine preoperative duplex scanning with 
intraoperative, pre-bypass arteriography to 
clearly define the target vessel and anasto
motic site, particularly when the distal anas
tomosis is to the tibial or peroneal arteries. 
Some investigators have found the prediC
tive value of duplex scanning to be limited 
when bypass to a tibial or peroneal artery is 
required and multiple patent target vessels 
are identified.20 Intraoperative, pre-bypass 
arteriography is a simple and rapid method 
for identifying the most suitable target 
vessel that still avoids the cost and risk of a 
formal preoperative arteriogram. 

Standard preoperative arteriography is 
still advisable for patients who are found on 
duplex scanning to have significant aortoil
iac occlusive disease, who do not appear to 
have an adequate distal target vessel for 
bypass, and in whom the ultrasound evalu
ation is limited by obesity, vessel calcifica
tion, or open wounds. This should avoid the 
distressing problem of taking a patient to 
the operating room for a bypass graft and 
being unable to complete the procedure. 
Mapping and marking of superficial veins 
by duplex ultrasound is also valuable to 
ensure that a satisfactory venous conduit is 
available. Magnetic resonance angiography 
has been advocated as an alternative 
method for preoperative planning of 
infrainguinal bypass grafts which avoids the 
need for arterial puncture and iodinated 
contrast.27 

Evaluation of Lower 
Extremity Trauma 

Vascular injuries in the lower extremities 
can produce acute arterial insufficiency or 
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exsanguinating hemorrhage that require 
rapid diagnosis and treatment. In this situ
ation, the conventional history, physical 
examination, and diagnostic tests are often 
impractical. Patients with lower extremity 
vascular trauma can present in two ways. 
Some patients have clear evidence of a 
vascular injury with obvious distal limb 
ischemia or massive hemorrhage. These 
patients generally undergo immediate oper
ative exploration and repair. A second and 
more common presentation is when a 
patient has sustained blunt or penetrating 
trauma to an extremity but does not have 
specific signs or symptoms of a vascular 
problem. In this setting, the mechanism of 
trauma or location of a wound raises the 
clinical suspicion of an occult vascular 
injury. 

Routine surgical exploration of vessels in 
proximity to traumatic wounds has been 
widely practiced but has a relatively low 
diagnostic yield. On the other extreme, the 
sensitivity of the physical examination 
alone may not be high enough to serve as a 
basis for treatment.28 Consequently, arteri
ography has become the standard method 
for diagnosiS of acute arterial trauma. 
However, in a series of 100 extremity 
injuries, arteriography took a mean of 2.4 
hours to perform.29 This represents an unac
ceptable delay in patients with major vas
cular injuries or multiple-system trauma 
who require ongoing resuscitation and 
immediate treatment. The use of arteriogra
phy for screening stable patients with 
suspected occult arterial injuries is more 
feasible but is associated with considerable 
cost and some increased risk. Furthermore, 
experience has shown that many post
traumatic arteriographic leSions, such as 
intimal flaps, pseudoaneurysms, and arteri
ovenous fistulae, follow a benign course and 
heal over time.28 

Both indirect measurement of systolic 
blood pressure and duplex scanning have 
been used in patients with extremity trauma 
to avoid unnecessary arteriography and 
determine the need for surgical exploration. 
Lynch and ]ohansen29 obtained Doppler 
pressure measurements in 100 injured limbs 
of 93 trauma victims who also had arteri
ography. An arterial pressure index (systolic 

pressure distal to the site of injury/brachial 
systolic pressure in an uninvolved arm) of 
greater than 0.90 was considered normal. 
Compared with the arteriographic findings, 
the arterial pressure index had a sensitivity 
of 87%, specificity of 97%, and overall accu
racy of 95% for detecting arterial injuries. 
When the results of two false-positive arte
riograms were excluded, the sensitivity, 
specificity, and accuracy increased to 95%, 
98%, and 97%, respectively. The selection of 
trauma patients with possible occult vascu
lar injuries for arteriography based on an 
arterial pressure index of less than 0.90 was 
prospectively evaluated in 100 limbs of 96 
patients.3o Among the 1 7  limbs with a 
decreased arterial pressure index, 16 had an 
abnormal arteriogram and 7 underwent 
arterial repair. For the 83 limbs with a 
normal arterial pressure index, follow-up 
revealed 6 minor lesions but no major 
injuries. 

Although the arterial pressure index is a 
simple, rapid, and clinically valuable screen
ing test, it has several important limitations. 
This approach cannot be used in cases 
where extensive wounds prevent placement 
of a pneumatic cuff on the injured extrem
ity. In addition, it will not differentiate 
between an intrinsic arterial leSion, extrin
sic compression, and vasospasm. Finally, 
distal limb pressure measurement will not 
detect non-flow-limiting lesions or injuries 
to nonaxial arteries, such as the deep 
femoral artery. 

Duplex scanning has been applied to 
the diagnosis of arterial trauma in the 
cervicothoracic region and the extremi
ties.31-34 Panetta and associates35 reported 
an experimental study of duplex scanning 
and arteriography in a canine model of 
arterial injury (occlusion, laceration, in
timal flap, hematoma, and arteriovenous 
fistula) . Although duplex scanning and arte
riography had eqUivalent overall accuracy 
in detecting arterial injuries, duplex scan
ning was significantly more sensitive 
(90% vs. 80%) and was more accurate than 
arteriography in identifying arterial lacera
tions. This high sensitivity makes duplex 
scanning particularly useful as a screening 
test in patients with suspected arterial 
injuries. 
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FIGURE 1 8-8.  Color Doppler image from a patient with a lower extremity gunshot wound showing a bullet frag
ment (arrow) in the posterior tibial artery (PTA). The color flow stream stops (arrowhead) at the bullet, where marked 
acoustic shadowing is present. Two posterior tibial veins (PTV) are also visualized. (From Zierler RE, Zieder BK: 
Duplex sonography of lower extremity arteries. Semin Ultrasound CT MR 18:39-56, 1997.) 

Meissner and coworkers32 used duplex 
scanning as a screening test to evaluate 89 
patients with suspected arterial trauma. 
Among 60 scans performed for wound prox
imity to adjacent vascular structures, only 4 
(7%) were positive. Of the 19 scans done for 
specific clinical signs of arterial injury, 13 
(68%) were positive (Fig. 18-8) . Clinical 
follow-up or arteriography confirmed that 
no major arterial injuries were missed. A 
similar experience was reported by Bynoe 
and colleagues,33 who prospectively evalu
ated 319  potential vascular injuries in 198 
patients. Duplex scanning showed a sensi
tivity of 95%, specificity of 99%, and overall 
accuracy of 98% for identifying arterial 
injuries. 

Although most of the experience with 
duplex scanning for lower extremity vascu
lar injuries has been limited to a small 
number of trauma centers, it is clearly 
effective for screening and follow-up in this 
clinical setting. It is particularly impor
tant to follow patients with initially nega
tive duplex scans when there is ongoing 
suspicion of an arterial injury, because 
lesions may become apparent on later 
examinations.31 ,36 Duplex scanning is more 
cost-effective than either arteriography or 
surgical exploration as a screening test 
and has replaced routine arteriography in 
some trauma centers.33,34 However, arteri
ography is still necessary in cases with 

technically difficult or equivocal duplex 
examinations.37 
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Chapter 
1 9  

Ultrasound Assessment During 
and After Peripheral 

Intervention 

Duplex ultrasound assessment after periph
eral arterial intervention can have a favor
able impact on outcome.1-6 When used at 
the time of "open" surgical bypass or per
cutaneous trans luminal angioplasty (PTA), 
early patency is improved by the identi
fication and correction of technical prob
lems, the most frequent cause of early 
thrombosis. In both the operating room and 
angiography suite, intraprocedural duplex 
ultrasound contributes to cost-effective care 
by minimizing the incidence of early failure 
and secondary procedures to treat throm
bosis or residual abnormalities.7,8 Prospec
tive studies have reported early (<30 d) 
failure rates of 9% to 47% after PTA and 5% 
to 15% after infrainguinal bypass caused by 
unrecognized lesions. 1,7,9 With routine ultra
sound assessment, problems are found with 
10% to 25% of PTA or infrainguinal/renal 
bypasses, yet with correction, early failure 
rates are low « 3%).1,9,10 After intervention, 
duplex ultrasound forms the cornerstone 
of a vascular laboratory-based surveillance 
program.3,4 Serial testing is performed to 
detect developing stenosis caused by 
myointimal hyperplasia, the most common 
mode of arterial repair failure, or to docu
ment the progression of atherosclerosis. 
Reintervention to repair duplex-detected 
lesions results in a higher rate of long-term 
patency than intervention based on clinical 
follow-up or in response to the recurrence 
of limb ischemia.s 

INTRAPROCEDURAL DUPLEX 
ULTRASOUND ASSESSMENT 

There is no consensus with regard to the 
"best" method for intra procedural assess
ment of arterial interventions. Pulse palpa
tion, continuous-wave Doppler signal anal
ysis, arterial pressure measurements, and 
ultrasound flow measurements are safe 
and easy to perform but lack sensitivity and 
cannot localize intraluminal defects. Arteri
ography is considered the II gold standard" to 
identify residual stenosis and intima abnor
malities but has the distinct disadvantage of 
being invasive, adding radiation exposure 
and contrast-induced toxicity, and poten
tially causing arterial injury. l l-13 Color 
duplex is preferable to arteriography because 
it is noninvasive and has other desirable fea
tures including availability, low cost, and the 
ability to evaluate an arterial repair using 
both real-time imaging (anatomy) and 
pulsed Doppler spectral analysis (physio
logic testing) . The intraprocedural testing 
method that is best suited to confirm techni
cal adequacy depends on the arterial site, the 
procedure performed, and the nature of 
potential problems that may occur (Table 
19-1) .  Duplex ultrasound is ideal for the 
assessment of surgical procedures (such as 
carotid, renal, visceral, and infrainguinal 
bypass) and infrainguinal endovascular pro
cedures. Intraoperative ultrasound assess
ment can be performed within 5 to 10 min, is 
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Table 1 9-1 . Diagnostic Methods and "Normal" Threshold Criteria for Commonly Used for 
Intraprocedural Assessments of Surgical and Endovascular Peripheral Arterial 
Reconstructions 

Measurement of Duplex 
Procedure Angiogram· Arterial Pressure' Ultruound* 

"Open" Surgical Repair 

carotid endarterectomy Yes, <20% DR Not used Yes, PSV < 1 50 em/sec 
Renal bypass Not used Not used Yes, PSV < 1 80 em/sec 
Mesenteric bypass Not used Not used Yes, PSV < 1 80 em/sec 
Infrainguinal bypass Yes, <30% DR Not used Yes, PSV < 1 80 em/sec 

Endovascular Intervention-Angioplasty (PTA) 

carotid stent-angioplasty Yes, <20% DR Not used Yes, PSV< 1 50 em/sec 
Renal PTA Yes, <30% DR Yes, <10 mm gradient Not used 
Mesenteric PTA Yes, <30% DR Yes, < 1 0 mm Not used 

gradient 
Iliac PTA Yes, <30')(, DR Not used Yes, PSV < 1 80 em/sec 
Infrainguinal PTA Yes, <30')6 DR Not used Yes, PSV < 1 80 em/sec 
Vein bypass balloon PTA Yes, <30')(, DR Not used Yes, PSV < 1 80 em/sec 

*Criteria for acceptable residual stenosis, expressed as diameter reduction. 
tMeasurement of systolic pressure gradient, expressed as mm Hg. 
tPeak systolic velocity threshold for revision of residual stenosis, used in conjunction with B-mode 
imaging criteria of stenosis and peak systolic velocity ratio of >2.0 at site of abnormality. 
DR, diameter reduction; PSv, peak systolic velocity; PTA, percutaneous transluminal angioplasty. 

more convenient than arteriography, and 
is associated with high (>90%) diagnostic 
sensitivity and negative predictive value 
rates. 1,2,14 

Despite careful operative technique, 
visual inspection, and angiographic assess
ment, a spectrum of lesions (stenosis, vein 
webs, retained valve cusps, atherosclerotic 
plaque dissection, focal platelet aggrega
tion, nonoccluding thrombus) can be 
present following bypass grafting or periph
eral angioplasty. If the residual lesion is suf
ficiently severe to alter hemodynamics or 
incite blood coagulation, complications can 
result, such as thrombosis, embolization, or 
failure to improve limb blood flow. While 
secondary procedures in the immediate 
postoperative period can often II salvage" 
early graft or PTA site thrombosis, procedure 
morbidity, patient care costs, and the inci
dence of subsequent failure are increased. 

It is recommended that a vascular tech
nologist participate in the duplex ultra
sound evaluation, especially in the 
operating room, since optimizing the 
instrument B-mode imaging resolution and 
color Doppler settings is essential to obtain 

high-quality, interpretable studies. The 
technologist also archives data for the per
manent medical record, including the pro
cedure type being evaluated, the anatomic 
sites imaged, and whether an identified 
abnormality was corrected. For intraopera
tive assessment, a 10- to IS-MHz linear array 
transducer with a small footprint should 
be used to afford high-resolution imaging 
and placement within the surgical wound, 
directly on the repair. For transcutaneous 
imaging of bypass grafts, PTA sites, or arte
rial segments proximal and distal to the 
arterial repair, the use of S- to 7-MHz linear 
array transducers is necessary to image the 
deeper-positioned vessels. By placing the 
transducer within a sterile plastic sleeve 
containing acoustic gel together with sterile 
gel on the prepped operative field or saline 
in the wound, acoustic coupling necessary 
for duplex imaging is achieved. 

Considering the excellent diagnostic 
accuracy of duplex scanning for the detec
tion of arterial occlusive lesions, it is sur
prising that this modality is not routinely 
used by vascular speCialists to assess techni
cal adequacy. A duplex-detected residual 
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stenosis (peak systolic velocity > 150-
180 cm/sec, velocity ratio > 2) has been 
shown to be prognostic for early PTA failure, 
while a normal study is associated with 
stenosis-free patency rates of 80% or 
higher.2,s, 14,ls Reluctance to use intraproce
dural ultrasound has been attributed to dif
ficulty in performing and interpreting the 
studies and a false belief that clinical assess
ment or arteriography provides equivalent 
assessment of the technical adequacy. 
When duplex scanning is used routinely, 
the immediate revision rate is twice that 
for completion arteriography, but the early 
(30-d) thrombosis rate is halved. Revision 
rates based on duplex scanning are higher 
for infrainguinal vein bypasses to infra
geniculate arteries (1 7%) and when arm 
(27%) versus saphenous ( 15%) vein con
duits are used. 1S,16 If an infrainguinal vein 
bypass occludes despite a normal duplex 
assessment, the vein is usually of inferior 
quality or a coagulopathy may be present. 

Infrainguinal Bypass-Testing 
Algorithm and Diagnostic 
Criteria 

The algorithm for intraoperative assessment 
relies on real-time color Doppler imaging to 
identify lumen stenosis or sites of disturbed, 
turbulent flow. 10,17 These sites are then 
assessed with a high-resolution B-mode 
image for lumen abnormalities, and inter
vention is performed if significant lesions 
are identified or the velocity spectra criteria 
indicate stenosis. A lesion with a diameter 
reduction of more than 50% is predicted 
when color Doppler imaging identifies an 
anatomic defect in the venous conduit or an 
anastomosis in association with an elevated 
peak systolic velocity (PSV) more than 180 
cm/sec and an abnormal systolic velocity 
ratio across the site of more than 2.5 (Le., 
peak velocity in the abnormal area is > 2.5 
times higher than peak velocity proximal to 
the abnormality) . This level of hemody
namic abnormality is clinically significant 
and warrants correction. 

The algorithm for intraoperative duplex 
ultrasound assessment of an infrainguinal 
vein bypass involves imaging the entire 

arterial reconstruction and classification of 
findings into one of four categories (Fig. 
19-1). Prior to duplex scanning, papaverine 
hydrogen chloride (30-60 mg) is adminis
tered (via a 27-gauge needle into the vein 
graft) to vasodilate the runoff arterial bed 
and augment graft blood flow. This tech
nique, termed papaverine-augmented duplex 
scanning, is  used to improve the sensitivity 
of duplex scanning for the detection and 
grading of residual stenosis. Peripheral 
vasodilation is also important to confirm 
that the graft and runoff artery demonstrate 
a low peripheral vascular resistance spectra 
waveform (Le., flow throughout the pulse 
cycle), as shown in Figure 19-2. A low 
peripheral vascular resistance graft flow 
pattern is a feature of successful bypass 
grafting. A high-resistance waveform (ante
grade flow only during systole) in the distal 
graft is abnormal and when associated with 
a low flow velOCity (PSV < 40 cm/sec) is 
prognostic for early failure. In these 
instances, a careful evaluation of the graft 
runoff for residual proximal or distal occlu
sive disease should be undertaken. Depend
ing on the angiographic and duplex 
findings, procedures to augment graft flow, 
such as construction of a distal arteriove
nous fistula or bypass to a second outflow 
artery, may be performed. 

Scanning of the infrainguinal bypass is 
performed beginning at the distal graft
anastomotic segment and then proceeding 
proximal to include the entire venous 
conduit and the inflow artery-proximal 
graft anastomosis segment. Both longitudi
nal and transverse imaging planes are used 
as necessary to evaluate anastomoses, 
endarterectomized artery segments, or a 
vein segment with abnormal spectral 
Doppler findings (high PSV, spectral broad
ening) . Recording of velocity spectra is per
formed at a corrected Doppler angle of 60 
degrees relative to the vessel wall and with 
the pulsed-Doppler sample volume placed 
centerstream. The entire vein bypass should 
be imaged for anatomic and flow abnor
malities, especially if the grafting technique 
relied on "blind" valve lysis. After in situ 
saphenous vein grafting, color Doppler 
imaging can be used to locate patent vein 
side-branches that require ligation. In 
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Papaverine Augmented I Duplex Scan 

1 
Scan distal � Scan body of graft r---- Scan proxi mal - Record graft 

anastomotic region anastomotic region velocities from 

Assess anastomosis Evaluate sites for and inflow artery normal graft 

patency disturbed flow segments 

Confirm low outflow Check for patent High-thigh 
resistance flow side-branches Above-knee 
pattern (in situ bypass) Below-knee 

Visualize ante- Distal graft 
and retrograde flow 
at end-to-side 

segment 

anastomosis I � I I I I 
Normal scan 

Severe stenosis Moderate stenosis No stenosis 
(PSV > 1 80 cm/sec) (PSV < 1 80 cm/sec) Low-flow graft 

Scan pedal arteries Repair site and Repeat duplex scan Check BP, cardiac 
to verify augmented rescan vein bypass of site after papaverine output, and repeat 
blood flow by for residual defect flow augmentation, papaverine flow 
compression and spectra of severe augmentation; if no 
release of vein stenosis identified- change, augment 
bypass repair bypass flow by arteriovenous 

fistula or sequential 
bypass; heparin 
anticoagulation after 
operation 

FIGURE 1 9-1 . Algorithm for intraoperative duplex scanning of an infrainguinal vein bypass. Following duplex 
assessment, the study is classified into one of four categories-normal, severe stenosis identified, moderate steno
sis identified, or no stenosis identified but hemodynamic assessment of graft flow demonstrates low flow velocity 
(peak systolic velocity [PSV] < 40 cm/sec). BP, blood pressure. 

general, the assessment of prosthetic bypass 
grafts is limited to imaging of anastomotic 
sites, as grafts constlUcted of polytetrafluo
roethylene (PTFE) are initially difficult to 
scan because of ultrasound attenuation by 
air in the graft wall. 

At sites of color Doppler-detected steno
sis, velocity spectra are recorded proximal to 
and at the site of maximum flow distur
bance. Measurements of PSV are made and 
the velocity ratio (Vr) calculated, where Vr 
= PSVat lesion/PSV proxima]' The lesion is classified 
into one of three stenosis categories: no 
stenosis, moderate stenosis, and severe 
stenosis (Table 19-2) . Although a PSV of 
more than 125 cm/sec is the threshold for 
assigning a bypass abnormality, systolic 

velocity spectra in the range of 1 10 to 
1 50 cm/sec may be recorded from small
diameter « 3  mm) venous conduits and 
should not be considered abnormal if Vr is 
less than 2. When duplex scanning demon
strates an anatomic defect or narrowing in 
the vessel lumen and velocity spectra indi
cating a severe or high-grade stenosis (PSV 
> 180 cm/sec; Vr > 2.5), immediate revision 
of the site is recommended (Fig. 19-3).  

Intragraft platelet thrombus formation is 
a lesion that develops in 3% of bypass graft
ing procedure and has the duplex features 
of "high-grade" stenosis (PSV > 300 cm/sec) 
with mobile lumen thrombus seen on real
time B-mode imaging. This problem is best 
treated by replacement of the involved vein 
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FIGURE 1 9-2. Velocity spectra recoded from the below-knee (BK) graft segment of an infrainguinal saphenous vein bypass prior to (lett image) and fol
lowing (right image) the administration of an intragraft injection of papaverine Hel (30 mg) to produce vasodilation of the graft runoff. Velocity spectra 
contour changes from high peripheral vascular resistance, with flow only during systole, to a low peripheral vascular resistance contour, with antegrade 
flow during the entire pulse cycle, indicating an increase in graft volume flow. Note that peak systolic velocity does not change appreciably. 
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Afte r R ev is i o n  - P S V= 1  00 c m ls ec 

FIGURE 1 9-3. Intraoperative duplex scan of distal vein graft anastomosis demonstrating abnormal velocity spectra (left image), with peak systolic veloc
ity (PSV) of 220 cm/sec and lumen narrowing. Following revision (right image), normal velocity spectra are recorded (PSV = 100 cm/sec). 
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CHAPTER 1 9  U ltrasound Assessment During and After Periphera l  Intervention E� 
Table 1 9-2. Interpretation and Suggested Perioperative Management of Intraoperative 
Duplex Ultrasound Assessment of Infrainguinal Vein Bypasses 

Duplex 
Peripheral 

Graft Flow Velocity Vascular Interpretation and 
Perioperative Management Scan Category (em/sec)· 

Normal >40 

Severe stenosiS: PSV <40 
> 80 em/sec; Vr 
> 2.5 

Moderate stenosis, PSV >40 
< 1 80 em/sec; Vr 
< 2.5 

Low flow, no graft <40 
stenosis 

Resistance 

Low 

Low 

Low 

High 

No stenosis identified and graft PSV 
is normal. Administer with 
dextran-40 (25 mL/hr, 500 mL) 
and oral ASA (325 mg/d) 

Correct lesion and resean graft, if 
no residual stenosis Identified but 
graft PSV is low « 40 em/sec), 
administer heparin 
anticoagulation (weight-based) or 
low-molecular-weight heparin 
( 1  mg/kg SC bid), dextran-40 
(25 mL/hr), and oral ASA 
(325 mg/d). 

Rescan after 1 0  min to confirm no 
progreSSion. Administer low
molecular-weight heparin 
( 1  mg/kg SC bid), dextran-40 
(25 mL/hr), and oral ASA 
(325 mg/d). 

Consider an adjunctive procedure 
to increase graft flow (distal 
arteriovenous fistula, jump/ 
sequential graft to another 
outflow artery); if not poSSible, 
treat as low-flow graft with 
antithrombotic regimen of 
heparin anticoagulation, dextran-
40, and ASA (325 mg/d). 

ASA, aspirin; PSV, peak systolic velocity; Vr, velocity ratio. 

graft segment, perfusion of the distal graft, 
and runoff with a thrombolytic agent, fol
lowed by reimaging the entire repair for 
residual flow abnormality as well as the ade
quacy of graft flow velocity. 

Graft or anastomotic sites with veloc
ity spectra of a moderate stenosis (PSV 
125-200 cm/sec; Vr l .S-2.S) should be care
fully imaged for any lumen defects (throm
bus, stricture, valve cusp) using B-mode 
imaging. If PSV at the site increases to more 
than 250 cm/sec after intragraft administra
tion of papaverine, exploration and revision 
is recommended. When increased velocities 
(PSV > 180 em/sec) are recorded in an out
flow tibial artery but the Vr is less than 2.5 
compared with PSV at the distal anasto
mosis, spasm or hyperemic flow is likely the 

cause and revision is not required. If a low
flow graft velocity or moderate stenosis is 
confirmed on the intraoperative study but 
is left unrepaired, a predischarge duplex 
scan is recommended to assess the graft for 
persistent residual stenosis and to ensure 
adequate graft hemodynamics. 

Intraoperative assessment identifies a 
problem that meets threshold criteria for 
correction in approximately 20 percent of 
infrainguinal vein bypass procedures.z,lo In 
a series of 626 infrainguinal vein bypasses, 
the most common graft abnormalities iden
tified and corrected in descending order of 
frequency were vein conduit stenosis, anas
tomotic stenosis, platelet thrombus, and 
low graft flow caused by diseased tibial or 
isolated tibial/pedal artery runoff. The 
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I�� SECTION 11/ Extremity Arteries 

Table 1 9-3. Results of Intraoperative Duplex Assessment of Infralnguinal Vein Bypass 

IDddence of Graft Revision Percent Revised I Outflow Artny 
I Above-knee popliteal 1 3  

Below-knee popliteal 16 
Anterior tibial 20 
Posterior tibial 12 
Peroneal 15  
Pedal 1 7  
BrfHus Gr-t'tfrtg TecIudIpu 
In situ saphenous vein bypass 16  
Reversed saphenous vein bypass 10 
Nonreversed, translocated vein bypass 13  
Arm vein bypass 27 
Site of Graft Problem ReJHdrwI Percent of Total Lesions Repaired 

Inflow artery 8 
Proximal anastomotic region 7 
Venous conduit 59 
Distal anastomotic region 26 

incidence of graft revision is similar for the 
different grafting techniques and the type of 
outflow artery (Table 19-3) .  The use of arm or 
spliced venous conduits was associated with 
a higher (27%) revision rate. The incidence 
of "low-flow" grafts without an identified 
stenosis was only 3%, and a secondary proce
dure to increase graft flow (arteriovenous 
fistula, sequential graft to second runoff 
artery) was performed in only six limbs. 

The early outcome of bypass grafting is 
predicted by intraoperative duplex findings. 
When the intraoperative duplex scan was 
interpreted as "normal, " the incidence of 
early failure due to thrombosis or the need 
for a secondary procedure to correct a steno
sis was 1 % at 30 d and 1 .5% from 30 to 
90 d.1O If a duplex-detected stenosis of mod
erate severity (PSV <180-200 cm/sec) was 
not repaired, the 30-d incidence · of graft 
thrombosis was 8%, and the early « 90-d) 
graft revision rate was 30%. Of the 13 (2% 
of the total series) vein bypass grafts with 
low flow but no stenosis, 5 (38%) occluded 
within 90 d. These data indicate that resid
ual duplex-identified defects and low graft 
flow are associated with subsequent graft 
thrombosis as well as the development of 
graft stenosis. With intraoperative duplex 

assessment, primary patency at 90 d was 
similar for in situ bypass (94%), nonreversed 
translocated bypass (94%), and reversed 
(89%) saphenous vein bypass, but was lower 
for arm vein bypasses (82.5%, P < 0.01). 
Overall, 8% of bypasses underwent an early 
corrective procedure for a duplex-detected 
graft stenosis identified during surveillance. 
The application of intraoperative and post
operative duplex assessment resulted in a 
secondary graft patency of 99.4% at 30 d 
and 98.8% at 90 d. A total of eight bypasses 
failed. The observed 15% intraoperative 
revision rate, coupled with a low (2.5%) 
90-d failure/revision rate, provide the ra
tionale for routine ultrasound assessment to 
enhance the early outcomes after infra in
guinal vein bypass. 

Duplex Monitored Angioplasty 

Angiographic criteria based on percent 
residual diameter reduction are inaccurate 
for predicting the clinical and hemody
namic success of PTA. In two studies, 
Doppler velocity elevation indicating 
greater than 50% stenosis was identified by 
duplex scanning in 20% of PTAs, despite a 
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completion angiogram showing less than 
30% stenosis.6,14 By life-table analysis, a 
residual PTA site stenosis that reduces diam
eter by more than 50% (peak systolic veloc
ity >180 cm/sec; velocity ratio at site > 2.5) 
was associated with only a 15% l-yr clinical 
success rate, versus 84% success/stenosis
free patency when residual stenosis of less 
than 50% was verified. Intravascular ultra
sound and arterial pressure measurements 
are useful in assessing the adequacy of PTA, 
but their application is better suited for 
monitoring aortoiliac, renal, and visceral 
endovascular interventions. 

Duplex scanning is an efficient, cost
effective method to assess peripheral PTA 
site hemodynamics once an adequate 
anatomic result (<30% residual stenosis) is 
confirmed by arteriography. IS Ideally, the 
lesion to be treated is scanned prior to PTA 
to verify its severity (PSV, velocity ratio 
across the stenosis) and confirm that the site 

FIGURE 1 9-4. Transcutaneous use of 
duplex ultrasound to assess velocity 
spectra proximal to (A) at an occlusive 
lesion (B) and distal to a stenosis in the 
superficial femoral artery (C). PSVR, 
peak systolic velocity ratio. 

can be interrogated by duplex ultrasound 
(Fig. 19-4). The goal of duplex-monitored 
angioplasty is to not terminate the proce
dure until normal hemodynamics are veri
fied. Pre-PTA velocity values typically 
indicate high-grade, pressure-reducing 
stenosis, with PSV of more than 300 cm/sec 
and end-diastolic velocity of more than 
40 cm/sec. Following successful PTA, the 
PSV at the site of stenosis/angioplasty 
should be less than 180 cm/sec and/or the 
Vr in the treated segment should be less 
than 2. After intervention by balloon dila
tion, stenting, or stent-graft, an angiogram 
of the PTA site is normal if stenosis of less 
than 30% is present (Fig. 19-5) .  If abnormal, 
reintervention is performed. When the PTA 
site angiogram is normal, "papaverine
augmented" duplex ultrasound assessment 
is performed, and if residual stenosis is 
identified (PSV > 180 cm/sec, Vr > 2), rein
tervention is recommended. Treatment 

PSVR 

A 60W 30 ° B 400 
c 
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SECTION 11/ Extremity Arteries 

I PTA Procedure I 
1 

PTA-site Abnormal .1 
Reintervention I arteriogram I 1 Normal 

I Duplex ultrasonography I 
1 T 

Normal PTA Residual stenosis 

PSV < 1 80 em/sec PSV 1 80-300 em/sec f-
Vr <2 Vr >2 

FIGURE 1 9-5. Algorithm of duplex-monitored angio
plasty based on arteriography and duplex ultrasound 
findings. PSV; peak systolic velocity; PTA, percutaneous 
transluminal angioplasty: Vr, systolic velocity ratio. 

options may include atherectomy, dilation 
with a larger balloon, stent placement, or 
prolonged balloon inflation. When a lesion 
is judged to be maximally dilated (e.g., for 
PTA of vein graft stenosis) and a persistent 
stenosis is identified by duplex scanning, 
operative intervention or frequent duplex 
surveillance after the procedure is recom
mended, depending on the severity of the 
residual stenosis. A perSistent duplex
detected stenosis at the angioplasty site has 
been correlated with early failure, as indi-

600 
390 ± 84 

500 

400 
0-
Q) 

� 300 .8-
> en 
a.. 200 

1 00 

cated by progression of stenosis to a veloc
ity level similar to the primary lesion or pro
gression to occlusion. 

Our experience in using duplex
monitored PTA of femoropopliteal-tibial 
stenosis or infrainguinal vein bypass graft 
stenosis resulted in reintervention for resid
ual duplex-detected stenosis in approxi
mately 25% of cases (native artery lesion, 
15%; vein graft lesions, 30%). Additional 
intervention resulted in further decrease in 
PSV at the lesion site (Fig. 19-6) and resulted 
in more than 95% of angioplasty sites 
having velocity values indicating stenosis 
of less than 50%. Thus, by using duplex
monitored angioplasty, velocity levels can 
reliably be normalized by balloon dilation of 
a focal vein graft stenosis. Confirming satis
factory flow velocity after PTA has been asso
ciated with a stenosis-free patency at 2 yr of 
approximately 80%, an outcome similar to 
bypass grafting of long segment occlusions 
or vein graft stenosis. PTA without duplex 
monitoring was associated with a lower 
(61%) stenosis-free patency rate at 1 yr. 

SURVEILLANCE AFTER 
INTERVENTION 

Failure within the first year after peripheral 
arterial intervention is commonly the result 
of the development of myointimal hyper-

FIGURE 1 9--6. Peak systolic 
velocity (PSV) changes prior to 
reintervention, at the time of 
reintervention, and following 
balloon percutaneous translu-
minal angioplasty (PTA) of 1 1  
vein graft stenoses with abnor-
mal duplex scan despite an 
angiogram showing less than 

Surgical repair 
300/0-diameter-reducing steno-
sis. Reintervention resulted in 
PSV of less than 180 cm/sec 
in all but two procedures. Sur-
gical repair was performed 
on one graft lesion with PSV 
of 235 cm/sec after balloon 
angioplasty. 

Pre-PTA Re-PTA Post-PTA 
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CHAPTER 1 9  Ultrasound Assessment During and After Peripheral I ntervention l��J 
plasia, and beyond that time, failure is more 
likely due to progression of atherosclerosis. 
Myointimal hyperplasia consists of smooth 
muscle cell proliferation and matrix forma
tion, producing occlusive lesions at anasto
motic, vein valve, PTA, or endarterectomy 
sites that, when progressive, reduce flow 
and distal perfusion pressure. Onset and 
progression of myointimal and atheroscle
rotic stenotic lesions can be monitored with 
duplex ultrasound. Identification of a severe 
progressive stenosis permits elective inter
vention, frequently with endovascular 
therapy. Duplex ultrasound surveillance 
after infrainguinal vein bypass is superior to 
clinical assessment alone.5,15-19 An increase 
in arterial repair site patency also has been 
reported following peripheral angioplasty 
and carotid endarterectomy.2o-25 A random
ized, prospective clinical trial conducted 
in Malmo, Sweden, demonstrated a 25% 
improvement in infrainguinal vein bypass 
patency at 3 yr (78% versus 53%), but no 
Significant benefit was documented in PTFE 
or PTFE-vein composite graft patency.5 Sur
veillance of infrainguinal prosthetic grafts 
was recommended by Calligaro and associ
ates,26 who found duplex scanning was 
more sensitive (81%) than ankle-brachial 
systolic pressure index (ABI) measurement 
and clinical evaluation (24%) in identifying 
stenoses that warrant repair. The accuracy of 
predicting graft failure or the need for revi
sion was higher for femorotibial than for 
femoropopliteal grafts. It should be noted 
that, in general, thrombosis of a prosthetic 
graft may not be as detrimental as occlusion 
of a vein graft, as either catheter-directed 
thrombolysis or surgical thrombectomy is 
more effective in restoring prosthetic graft 
patency and can be performed several weeks 
after graft failure. 

Timing for the initial vascular laboratory 
surveillance study varies with the type of 
procedure performed and whether an 
intraprocedural ultrasound study was done. 
If intra procedural ultrasound assessment 
was normal, surveillance should be initiated 
within 2 to 3 wk after infrainguinal bypass, 
1 mo after peripheral PTA, and 2 to 3 mo 
after carotid endarterectomy. Procedures 
with residual stenosis by arteriography or 
ultrasound assessment should be evaluated 

earlier, which may include a predischarge 
duplex scan. Beyond 1 yr, the incidence of 
failure due to myointimal hyperplasia 
decreases and surveillance intervals can be 
lengthened to 6 to 1 2  mo for the detection 
of atherosclerotic disease progression or 
aneurysm formation. 

Infrainguinal Bypass Graft 
Surveillance 

Duplex ultrasound is used to confirm graft 
patency, identify stenotic lesions, assess 
their risk for producing graft thrombosis, 
and, if not repaired, monitor stenosis pro
gressionY The surveillance protocol begins 
with questioning the patient for symptoms 
of recurrent limb ischemia, performing a 
pulse (femoral, pedal) evaluation, and mea
suring the ABI. Color Doppler imaging of 
the entire bypass, including adjacent inflow 
and outflow arteries, is then performed and 
the hemodynamics of graft flow are char
acterized by duplex-derived PSV measure
ments along the length of the bypass, using 
a pulsed-Doppler beam angle of 60 degrees 
or less. Mean systolic graft flow velocity, cal
culated as the average PSV recorded from 
two or three nonstenotic graft sites, corre
lates with volume flow, and if low « 40 
cm/sec), indicates a graft at increased risk 
for thrombosis (Fig. 19-7) . Graft flow veloc
ity may be below 40 cm/sec in large-caliber 
(>6-mm diameter) grafts or bypasses to a 
pedal or isolated tibial artery. If color 
Doppler imaging identifies a stenosis, mea
surements of PSV and Vr are obtained, as 
well as measurements of the lesion length 
and the graft/vessel diameter (Fig. 1 9-8) .  
Lesions with duplex-derived velocity 
spectra of a high-grade stenosis (PSV > 300 
cm/sec; end-diastolic velocity > 20 cm/sec, 
velocity ratio prestenosis/stenosis > 3 .5) 
correlate with a stenosis with a diameter 
reduction of more than 70% and should 
be repaired. In a prospective study, the 
application of these threshold criteria iden
tified all grafts at risk for thrombosis, and 
only one lesion with high-velocity cri
teria regressedY Multiple investigators have 
observed an approximate 25% incidence 
of graft thrombosis in stenotic bypasses 
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Inflow artery 

Proximal anastomosis 
of graft (PAG) 

Venous 
conduit 

Distal anastomosis 
of graft (DAG) 

SECTION 11/ Extremity Arteries 

High thigh 

Above knee 

Below knee 

Distal graft 

Graft flow velocity 

G FV = average PSV at 
3 or 4 sites (without 
stenosis) 

NORMAL: 60-70 em/sec 

LOW: < 40-45 em/sec 

Note: Low GFV may be 
measured in large (>6 
mm) veins or bypasses 
to pedal arteries 

FIGURE 1 9-7. Calculation of 
mean graft flow velocity (GFV). 
PSv, peak systolic velocity. 

when a policy of no intervention was 
followed.3-5,8,22 

if it decreases below the "thrombotic 
threshold velocity, " will result in graft 
thrombosis. Prompt repair of Category I 
lesions is recommended, while Category II 
lesions can be scheduled for elective repair 
within 1 to 2 wk. A Category III stenosis 
(Vp, 150 to 300 cm/sec; Vr < 3.5) is not 
pressure- or flow-reducing in the resting 
limb. Serial scans at 4- to 6-wk intervals are 

The risk of graft thrombosis is predicted 
by using the combination of high- and low
velocity duplex criteria discussed previously 
and the ABI values (Table 19-4) . In the 
highest-risk group (Category I), the devel
opment of a pressure-reducing stenosis has 
produced low flow levels in the graft, which, 

Duplex velocity criteria 
for stenosis repair 

PSV max > 300 em/sec 

Vr = 
PSVmax 

> 3.5 
PSVprox 

Vein I diameter 
(mm) 

Stenosis length (em) 

FIGURE 1 9-8. Measurements recorded at site(s) of color Doppler-detected vein graft stenosis. A peak systolic veloc
ity (PSV) of more than 300 em/sec in conjunction with a velocity ratio (Vr) of more than 3.5 are the duplex cri
teria for repair. 
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Table 19-4. Risk Stratification for Graft Thrombosis Based on Surveillance Data 

Category· High-Velocity Criteria Low-Velocity Criteria MRI 

I (highest risk) PSV > 300 em/sec or Vr > 3.5 IIl1d G FV < 45 em/sec or >0. 1 5  

1 1  (high risk) PSV > 300 (:m/sec or Vr > 3.5 IIl1d G FV > 45 em/sec """ <0. 1 5  

I I I  (intermediate risk) 1 80 < PSV > 300 em/sec or Vr IIl1d GFV > 45 em/sec e/lld <0. 1 5  

> 2.0 

IV (low risk) PSV < 1 80 em/sec and Vr < 2.0 e/llef G FV > 45 em/sec CllIII <0. 1 5  

*Category I :  Prompt repair of lesion is recommended-patients are hospitalized and anticoagulated prior 
to repair. Category I I :  Lesions are repaired electively (within 2 wk). Category II I :  Lesions are observed with 
serial duplex examination at 4- to 6-wk intervals and repaired if they progress. Category IV: Lesions are at 
low risk for producing graft thrombOSis-follow-up every 6 mo; few « 3%/yr) failures observed in this 
group). 
ABI, Doppler-derived ankle-brachial systolic pressure index; GFV, graft flow velocity (global or distal); 
PSV, duplex-derived peak systolic velocity at site of flow disturbance; Vr, PSV ratio at maximum stenosis 
compared to proximal graft segment without disease. 

recommended to determine the hemody
namic (Fig. 19-9) course of these lesions. 
Among graft stenoses detected within the 
first 3 mo of surgery, spontaneous regres
sion of the lesion occurs in less than one 
third of cases, whereas 40% either remain 
stable or progress (40%-50% likelihood) to 
high-grade stenosis. In general, serial duplex 
scans will determine if a lesion will progress 
and become " graft threatening" within 4 to 
6 mo of identification.8,9,28 Important fea
tures of the "graft-threatening" stenosis are 
its propensity to progress in severity, reduce 
graft flow, and form surface thrombus, 

PSV > 300 cm/sec + / -
Vr > 3.5 

ASI fall > 0.2 Arteriography 

REPAIR 
STENOSIS 

events that ultimately will preCipitate 
thrombosis. Using serial duplex scans, a 
Category III stenosis that does not progress 
can be distinguished from the progressive 
lesion that needs to be repaired. 

No stenosis is identified in the majority 
(approximately 80%) of bypass grafts 
studied with ultrasound (Le., Category IV 
scans). For these patients, surveillance at 6-
mo intervals is generally recommended. In 
patients with Category IV scans but a GFV 
less than 40 cm/sec, signifying a "low-flow" 
bypass, a diligent search is conducted for 
additional inflow or outflow occlusive 

Return to start 1---.1 of protocol 

Duplex-detected 
graft stenosis 

r-----+j 200 cm/sec < PSV < 300 cm/sec 1--__ -+1 
2 < Vr < 3.5 

Resume 6-month 
surveillance schedule 

ASI normal or unchanged 

30%-35% of 
lesions resolve 

scan interval 

FIGURE 1 9-9. Duplex surveillance algorithm for detected graft stenosis. ABI, ankle-brachial index; PSv, peak sys
tolic velocity. 
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lesions. If none are detected, oral anticoag
ulation (sodium warfarin) is prescribed to 
maintain the prothrombin time at an INR 
of 1 .6 to 2.0; aspirin (325 mg/d) is also pre
scribed. This anticoagulation regimen is also 
prescribed following femorodistal PTFE 
bypass grafting when a peak velocity of less 
than 60 cm/sec is measured in the graft by 
duplex scanning prior to discharge. The 
rationale for this practice is based on the 
concept of the "thrombotic threshold veloc
ity, " which is lower in autologous vein 
grafts than in prosthetic bypasses. 

Using duplex ultrasound surveillance, it 
can be anticipated that approximately 20% 
of infrainguinal vein bypasses will have a 
Category I or II stenosis identified within 
the first year after grafting. The risk of devel
oping a graft stenosis is influenced by a 
number of factors, including vein caliber, 
the presence of venovenous anastomosis 
(spliced vein), the use of alternative venous 
conduits (arm vein, lesser saphenous vein, 
greater saphenous vein remnants), prior 
intraoperative graft revision, or early graft 
thrombectomy. Two thirds of lesions are 
focal « 2  cm in length) and may be treated 
by PTA. More extensive graft stenosis or 
early « 3-mo) appearing lesions are best 
treated by surgical repair . . Stenosis-free 
patency at 2 yr was identical for surgical 
(630/0) and endovascular intervention 
(63%), and overall aSSisted graft patency by 
life-table analysis was 91% at 1 yr and 80% 
at 3 yr. Following balloon angioplasty or 
open surgical repair, the graft surveillance 
schedule is the same as after the primary 
grafting procedure-l mo, 4 mo, then every 
6 mo thereafter for Category I scans. 

Based on the costs of graft surveillance, 
the salvage of 7% to 8% of bypasses would 
be cost-effective. Many vascular groups 
believe duplex surveillance should be "part 
of the service" after infrainguinal vein 
bypass grafting. It should be emphasized 
that the benefit of surveillance is highly 
dependent on the durability and morbidity 
of the procedures used to repair "graft 
stenoses. "  Most series have reported a 
mortality of less than 0.5%, early failure 
rate of less than 1%, and late failure rate 
of less than 15% with graft revision 
procedures.6 

The decision to perform confirmatory 
arteriography prior to graft repair depends 
on the location and appearance time of the 
stenosis. In our experience, repair based on 
duplex ultrasound has been possible in 80% 
of patients, while other vascular groups 
have recommended routine confirmatory 
arteriography to locate the lesion and aid in 
operative planning when duplex scanning 
identifies only a "low-flow" graft or multi
ple lesions. Arteriography also should be 
considered when duplex testing identifies 
an inflow lesion involving either the iliac 
arteries or the proximal anastomotic region 
of a graft originating from the deep or 
superficial femoral arteries. 

In summary, routine duplex ultrasound 
surveillance of lower limb bypass grafts is 
recommended. Because the majority of graft 
abnormalities identified may be asympto
matic, appropriate criteria to recommend 
repair by either balloon angioplasty or 
open surgical repair should be used. The 
likelihood of graft revision varies with the 
vein bypass type and is increased when a 
graft stenosis is identified on a "predis
charge, " or early « 6-wk) duplex scan. With 
time, the incidence of vein graft stenosis 
decreases, but because of atherosclerotic 
disease progression in native arteries and 
aneurysm formation in the vein conduit, 
life-long surveillance (yeady after 3 yr) is 
recommended.17,29 

Peripheral Angioplasty 
Surveillance 

Late failure of peripheral angioplasty can 
result from restenosis caused by myointimal 
hyperplasia within the treated segment or 
progreSSion of atherosclerosis at or remote 
from the PTA site. On occasion, both disease 
processes can occur and produce recurrent 
limb ischemia. Identification of a hemody
namically failing PTA does not preclude 
endovascular intervention by either redila
tion or stent placement. Repeat PTA is gen
erally associated with a prognosis identical 
to a primary procedure. 

Timing of initial assessment following 
peripheral angioplasty depends on the indi
cations for the PTA procedure. For patients 
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CHAPTER 1 9  Ultrasound Assessment During and After peripheral l ntervention b71J 
with claudication and palpable pulses after 
the angioplasty, lower limb duplex scanning 
and measurement of ABI within 2 wk of 
the procedure is sufficient. For critical 
limb ischemia, testing prior to discharge is 
recommended to verify diameter reduction 
of less than 50% at the PTA site (PSV 
< 180 cm/sec) and to document an increase 
in the ABI greater than 0.2, compared with 
the pre-PTA level. Subsequent surveillance 
of "normal" PTA sites (Le., less than 50% 
stenosis) is recommended at 3 mo and then 
every 6 mo thereafter. If the post-PTA 
duplex scan identifies a stenosis with a 
diameter reduction of 50% to 75% but the 
ABI has increased appropriately, a repeat 
scan in 1 to 2 wk should be performed to 
assess for improvement or deterioration in 
functional patency. A progressing PTA site 
stenosis with a PSV of more than 300 
cm/sec and a Vr of more than 3.0 should be 
considered for repeat endovascular therapy, 
depending on the anatomic characteris
tics/site of the lesion/arterial segment. 
Although the cost-benefit aspects of duplex 

surveillance following PTA have not been 
studied, it has been shown that PTA is less 
expensive than surgical bypass. The ratio of 
hospital costs of PTA to bypass surgery was 
53% for patients treated for claudication but 
rose to 75% for those with critical ischemia. 
Since angioplasty failure is expensive, 
efforts to improve the technical success or 
durability of these procedures are worth
while. While duplex surveillance can iden
tify PTA site stenosis, clinical symptoms and 
hemodynamic criteria should also be used 
in the decision for reintervention. Most 
claudicants with PTA site stenosis indicate 
recurrence of exertional leg pain, and 
because PTA has a failure mode similar to 
that of infrainguinal vein bypass, the cost
effectiveness and efficacy of surveillance 
should be comparable. 

After iliac angioplasty, surveillance 
should include both indirect (clinical status, 
ABIs, toe pressures in diabetiCS, and femoral 
artery waveform analysis) and direct (a or
toiliac duplex scanning) evaluation of the 
treated iliac system (Fig. 19-10). If the 

Time 0: < 1  Month: 3 Months later: 6-Month intervals: Patency: 
I l iac PTA and f---+ Indirect evaluation r- I ndirect evaluation f- Indirect evaluation r-- Continued 

stenting Clinical status clinical and 
ASl/toe pressure hemodynamic 

CFA waveform success 

Aortoliac duplex 

Failing: 
Decline in clinical status 
Decrease ASI > 0. 1 5  
Change i n  CFA waveform 

J Aortoliac duplex scan r-I 
Failing: 

PSV > 300 cm/sec 
Peak velocity ratio > 2 

I Contrast arteriography 

Failing: 

> 50% restenosis 

I Secondary endovascular intervention? 

FIGURE 1 9-1 0. Algorithm for duplex surveillance after iliac angioplasty. ABI, ankle-brachial index; CPA, common 
femoral artery; PSv, peak systolic velocity; PTA, percutaneous transluminal angioplasty. 
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SECTION 11/ Extremity Arteries 

Doppler velocity waveform of the common 
femoral artery distal to the treated iliac 
segment is normal, duplex imaging of the 
iliac angioplasty is not necessary, as no sig
nificant hemodynamic lesion is present. 
The normal waveform is triphasic, or in the 
case of an occluded superficial femoral 
artery, the waveform is monophasic but the 
acceleration time is less than 200 msec. 
When the femoral pulse is abnormal or a 
damped, monophasic femoral artery wave
form is identified, direct aortoiliac duplex 
imaging should be performed. A linear array 
(L4-7 MHz) transducer is used to map the 
external iliac artery, with deeper imaging of 
the common iliac and aorta in obese indi
viduals performed using a curvilinear array 
(3-MHz) probe. Color Doppler imaging is 
performed in the infrarenal aorta, along the 
treated and native iliac segments, and 
through the common femoral artery as well 
as the proximal deep and superficial femoral 
arteries. Velocity spectra of centerstream 
flow are recorded at multiple sites using a 
Doppler-correction angle of 60 degrees or 
less. Peak systolic velocities within the iliac 
angioplasty segments are compared with 
velocities in the adjacent native iliac artery, 
and the peak Vr is calculated at sites of 
stenosis. 

The criteria of a failing iliac system 
included interval deterioration of the 
Society of Vascular Surgery/International 
Society of Cardiovascular Surgery clinical 
category by one or more levels, an ABI or 
toe pressure decrease of 0. 15  or greater, or 
development of an abnormal CFA Doppler 
waveform. Detection of an iliac lesion by 
duplex scanning with a PSV of more than 
300 cm/sec and a Vr of more than 2.0 
indicates a hemodynamically failing iliac 
angioplasty, and the patient should be rec
ommended for arteriography and possible 
secondary endovascular intervention. 

The goal of surveillance is to optimize 
patency rates in the endovascular-treated 
iliac system and thus avoid PTA site throm
bosis, which frequently requires surgical 
intervention. Reports of duplex surveillance 
after iliac angioplasty have demonstrated a 
20% incidence of PTA stenosis within 2 yr. 
In a prospective study, duplex surveillance 
resulted in reintervention in 10% of iliac 

PTAs and was associated with a secondary 
patency of 95% at 2 yr. Four percent of the 
treated iliac segments thrombosed.30 

Serial clinical evaluation, measurement of 
limb pressures, and Doppler waveform 
analysis at 6-mo intervals can reliably iden
tify failing PTAs. Progression to occlusion is 
uncommon, and essentially all recurrent 
lesions are amenable to endovascular 
therapy. If limb pressures and segmental 
Doppler waveforms are normal or un
changed, routine duplex scanning is 
avoided, which reduces overall costs. The 
clinical usefulness of a surveillance algo
rithm is predicated not only on the ability 
to detect PTA sites at risk for failure but also 
on the success of reintervention and the 
overall rate of secondary patency. Throm
bosis of an iliac PTA in a patient with mul
tilevel disease is more likely to result in 
critical limb ischemia than in a patient ini
tially presenting with claudication. Simi
larly, failure of the treated iliac system also 
may threaten patency of a downstream 
lower limb bypass graft and substantially 
increase the risk of limb loss. Angioplasty 
failure is more common in patients with 
multilevel atherosclerosis, and, thus, this 
cohort should be considered high risk and 
offered duplex ultrasound surveillance. 
Endovascular treatment of recurrent or de 
novo iliac stenosis is preferred over 
attempted secondary recanalization of 
occluded iliac systems. The utility of sur
veillance in claudicants is less clear, since 
patency rates after PTA are better in this 
group than in patients with multilevel 
disease, and the ischemic sequelae of treat
ment site failure may be less significant 
clinically. 

Surveillance After 
Carotid Intervention 

Carotid endarterectomy (CEA) was shown 
to be superior to medical therapy for stroke 
prevention in patients with severe athero
sclerotic carotid stenosis in both the North 
American Symptomatic Carotid Endarterec
tomy Trial (NASCET) and the Asympto
matic Carotid Atherosclerosis Study (ACAS) 
and is currently being evaluated with 
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CHAPTER 1 9  Ultrasound Assessment During and After Periphera l  Intervention [�j 
carotid stent-assisted angioplasty (CAS) in 
the Carotid Revascularization Endovascular 
Stent Trial (CREST). The efficacy of CEA and 
CAS is highly dependent on completing the 
procedure with a low perioperative morbid
ity rate « 5%) and producing a durable 
repair with a low incidence of recurrent 
disease or occlusion. 

Duplex ultrasound surveillance of pa
tients after CEA and CAS procedures has 
demonstrated a varied (4%-22%) incidence 
of diameter residual of more than 50% or 
recurrent stenosis.31 In the ACAS study, 
early restenosis (>60% reduction in diame
ter) was identified in 7.6% to 1 1 .4% of cases, 
while late restenosis occurred in 1 .9% to 
4.9% of cases. When intraoperative duplex 
assessment of carotid surgery is applied to 
ensure a precise anatomic and hemody
namic result, the rate of restenosis can be 
decreased further « 5% early and late 
combined). 

As seen with B-mode sonography (Fig. 
19-1 1),  the absence of the intimal-media 
stripe may be distinctly apparent at the post
endarterectomy carotid bifurcation during 
the early postoperative period. Sutures used 
to close the arteriotomy may be visualized 
in the anterior wall as focal bright reflec
tions. Later on (months to years), wall thick
ening (neointima) is usually apparent (Fig. 
19-12) but is not of concern unless wall 
thickness progresses with time and is associ
ated with an increase in peak systolic veloc
ity. After CAS, the stent is easily seen with 
ultrasound (Fig. 19-13A and B). Slight 

FIGURE 1 9-1 1 .  B-mode image of 
carotid endarterectomy site show
ing absence of intimal-media 
stripe in the internal and distal 
common carotid artery, compared 
with the proximal common 
carotid artery (far right) . Sutures 
used for artery closure are seen in 
anterior wall of common carotid 
artery closure as focal, bright 
reflections. 

lumen narrowing may persist at the ends of 
the stent, but such narrowing should not 
generate significant velocity elevation. Typ
ically, blood flow is laminar or only slightly 
disturbed at both CEA and CAS sites. 

Abnormal postendarterectomy findings 
include flow disturbances, usually caused by 
an intimal flap or retained plaque, stenosis, 
and occlusion. Intimal flaps and retained 
plaque are apparent in the early postopera
tive period and should not be encountered 
on a follow-up basis if intraoperative sonog
raphy is performed. Typically, intimal flaps 
occur at the distal end of the endarterec
tomy, where the cut edge of the intima is 
subject to dislodgement by the cephalad 
flow stream. The elevated intima can cause 
tremendous flow disturbance and may 
ultimately lead to restenosis. Myointimal 
hyperplasia (see Fig. 19-12) is a delayed 
complication that develops over a period of 
months after CEA or CAS (usually within 
the first 24 mo) . This process can result in 
either focal or diffuse narrowing at the 
endarterectomy/angioplasty site, and is 
associated with elevation of flow velocity 
and post-stenotic flow disturbance. Velocity 
criteria for stenosis grading are presented 
below. Additional abnormal findings may 
be encountered post angioplasty, including 
malposition of the stent and separation 
of the stent from the vessel wall. Again, 
these findings would not be expected in a 
follow-up setting if ultrasound is employed 
at the time of stent deployment. The 
natural history of recurrent internal carotid 
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FIGURE 1 9-1 2. B-mode image (top) and pulsed Doppler velocity spectra (bottom) of the internal carotid artery (lCA) 
with recurrent stenosis caused by myointimal hyperplasia. A peak systolic velocity of 218 em/sec indicates a 
50%-79% diameter-reducing stenosis. CEA, carotid endarterectomy. 

stenosis caused by myointimal hyperplasia 
is thought to be associated with a lower 
risk of stroke or occlusion, as compared to 
atherosclerosis, and some (10%) early post
operative lesions have demonstrated regres
sion on serial duplex scans. High-grade 
internal carotid artery (lCA) restenosis 
(>75% to 80% DR; end-diastolic velocity > 
150 cm/sec), may be caused by progressive 
myointimal hyperplasia or atherosclerosis, 
and such stenosis (Fig. 19-14) is associated 

with an increased risk of lCA thrombosis 
and late stroke. Restenosis within the 
first 3 years results from myointimal hyper
plasia (smooth muscle and fibrous over
growth of the tissue layer that replaces the 
intima after surgery) . After 3 years, the 
material causing restenosis is more apt to 
resemble atherosclerotic plaque, with abun
dant collagen, foam cells, and calcium 
deposits. The histologic transition from 
early to late restenosis is a continuum, 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


A 

CHAPTER 1 9  Ultrasound Assessment During and After Peripheral I ntervention 

FIGURE 1 9-1 3. A and B, Duplex scan following carotid stent angioplasty. Stents are easily visualized. Note the close 
apposition of the stent to the artery wall. Velocity spectra indicate nondisturbed (laminar) flow conditions and 
normal carotid systolic velocity. CCA, common carotid artery. Continued 
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B 
FIGURE 1 9-1 3-cont'd 

FIGURE 1 9-14. Duplex scan of the proximal internal carotid artery (ICA) showing a high-grade (>75%) recurrent 
carotid stenosis caused by myointimal hyperplasia. Peak systolic velocity, 468 cm/sec; end diastolic velocity, 
90 cm/sec. 
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CHAPTER 1 9  Ultrasound Assessment During and After Peripheral I ntervention r;;j 
Duplex Surveillance After CEA J 

I 
I I \ < 50% I \ 50%-79% J \ 80%-99% J \ 1 00% \ 

Restenosis Restenosis Restenosis Occlusion 

! ! 
Follow-up Follow-up Confirm severity Medical Rx & 

every 1 -2 yr every 6 mo TCO-MRA contralateral 
Angiography? surveillance 

Time of recurrence 
to > 80% lesion 

Early - <2 yr 
Intimal hyperplasia 

I Focal-
Late - > 2 yr r- Extensive 1 

Atherosclerosis 

Carotid stenting or Redo surgery 

redo surgery Endarterectomy 
and patch 

Interposition graft 

FIGURE 1 9-15.  Algorithm for duplex surveillance after carotid endarterectomy (CEA). MRA, magnetic resonance 
angiography; TCD, transcranial Doppler. 

however, with an early neointimal hyper
plasia appearance gradually giving way to a 
more atherosclerotic appearance in late
occurring restenosis. 

Considering the potential for recurrence 
of carotid stenosis, duplex surveillance after 
CEA or CAS is recommended (Fig. 19-15).  
Testing intervals of 6 mo are sufficient to 
detect development of restenosis and follow 
lesions for progression. In the majority of 
patients, however, the main reason for 
duplex surveillance is to identify progres
sion of contralateral ICA stenosis of more 
than 50%, rather than to detect restenosis 
of the CEA or CAS site. An early duplex scan 
of the CEA or CAS site at 1 to 3 mo is useful 
to exclude residual stenosis. High-grade 
internal carotid artery (ICA) stenosis (peak 
systolic velocity > 300 cm/sec; diastolic 
velocity > 125  cm/sec; ICA/common carotid 

artery ratio > 4) should prompt considera
tion for reintervention, especially if the 
stenosis is rapidly progressing, is longer 
than 1 cm, or occurs following CAS. Duplex 
scanning every 1 to 2 yr after CEA may be 
adequate when no stenosis is identified 
within the first postoperative year and less 
than 50%-diameter-reducing stenosis is 
present in the contralateral carotid system 
(see Fig. 1 9-13) .  Surveillance every 6 mo is 
indicated in patients with residual or recur
rent ipsilateral stenosis and contralateral 
ICA occlusion. The development of hemi
spheric symptoms in the presence of ICA 
stenosis with a diameter reduction of more 
than 50%, or asymptomatic disease pro
gression to a high-grade stenosis (>75% 
to 80% diameter reduction; end-diastolic 
velocity > 150 cm/sec), should prompt a 
recommendation of surgical or endovascu-
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SECTION 11/ Extremity Arteries 

lar (stent-assisted angioplasty) intervention 
in appropriate patients. 

The yield (i.e., intervention rate for severe 
stenosis) of duplex surveillance after CEA 
(5%-7%) is less than after CAS (10%) or 
infrainguinal vein bypass (150/0-20%).31 
Progression of contralateral disease, how
ever, is five times more common. A policy 
of duplex ultrasound surveillance and rein
tervention for high-grade stenosis is associ
ated with a low (<1%/yr) incidence of 
ipsilateral hemispheric, disabling stroke. 
The majority of patients after CEA or CAS 
have duplex scans indicating bilateral 
stenosis of less than 50%, and annual 
follow-up is appropriate. During follow-up, 
other CEA site abnormalities, such as mural 
thrombus development or aneurysmal 
degeneration, may be detected. 

CONCLUSIONS 

The patency of arterial interventions can be 
improved by the application of duplex 
ultrasound assessment. When used at the 
time of the procedure, duplex testing can 
identify residual stenosis, lumen thrombus, 
or other conditions that increase the likeli
hood of postprocedural failure. With recog
nition, immediate correction by surgery or 
endovascular intervention is possible, or 
additional imaging (i.e., arteriography) can 
be performed to further define the abnor
mality. The criteria for reintervention vary 
with the procedure type, but Doppler veloc
ity criteria indicating arterial stenosis of 
more than 50% are generally used to select 
lesions to be corrected. An important attri
bute of duplex surveillance is that clinical 
success is predicted by a normal study, and 
the incidence of subsequent failure is higher 
if a residual stenosis is identified. The major
ity of arterial repairs are followed by normal 
duplex studies (i.e., no abnormality is 
detected), and these patients can be restud
ied less frequently than when testing indi
cates a "problem." Lesions that reduce flow 
increase the likelihood for repair failure and 
have Doppler velocity findings of severe 
stenOSis-high PSV (>300 cm/sec), turbu
lent flow, and damped distal velOCity wave
form. Interventions to correct these lesions 

should also be monitored using duplex 
ultrasound, since clinical assessment and 
arteriography are imperfect measures of 
technical adequacy. All patients undergoing 
peripheral interventions should be enrolled 
in a surveillance program that includes 
duplex ultrasound. These surveillance pro
grams are cost-effective by decreasing the 
number of failures, despite the expense of 
serial examinations at 3- to 6-mo intervals 
and the performing of secondary proce
dures to repair progreSSive, severe duplex
detected stenosis, the majority of which are 
asymptomatic. 

References 

1 .  Bandyk DF, Mills JL, Gahtan V, Esses GE: Intra
operative duplex scanning of arterial recon
structions: Fate of repaired and unrepaired 
defects. J Vasc Surg 20:426-433, 1994. 

2. Bandyk DF, Johnson BL, Gupta AK, Esses GE: 
Nature and management of duplex abnormali
ties encountered during infrainguinal vein 
bypass grafting. J Vasc Surg 24:430-438, 1996. 

3. Bandyk DF, et al: Monitoring functional 
patency of in situ saphenous vein bypasses: The 
impact of a surveillance protocol and elective 
revision. J Vasc Surg 9:284-296, 1989. 

4.  Idu MM et al: Impact of a color flow duplex sur
veillance program infrainguinal graft patency: 
A five-year experience. J Vasc Surg 1 7:42-53, 
1992. 

5. Kundell A, Linblad B, Bergqvist D, Hansen F: 
Femoropopliteal graft patency is improved by 
an intensive surveillance program: A prospec
tive-randomized study. J Vasc Surg 21 :26-34, 
1995. 

6. Kinney EV, Bandyk DF, Mewissen MW, et a1: 
Monitoring functional patency of percutaneous 
transluminal angioplasty. Arch Surg 126:743-
747, 199 1 .  

7 .  Bandyk DF: Cost-effectiveness o f  noninvasive 
surveillance after arterial surgery. Semin Vasc 
Surg 7:261-267, 1994. 

8. Wixon CL, Mills JL, Wester band A, et al: An 
economic appraisal of lower extremity bypass 
graft maintainance. J Vasc Surg 32:89-95, 
2000. 

9. Spijkerboer AM, Nass PC, de Valois JC, et al: 
Iliac artery stenoses after percutaneous translu
minal angioplasty: Follow-up with duplex ultra
sonography. J Vasc Surg 23 :691-697, 1996. 

10. Johnson BL, Bandyk DF, Back MR, et al: Intra
operative duplex monitoring of infrainguinal 
vein bypass procedures. J Vasc Surg 3 1 :678-690, 
2000. 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


CHAPTER 1 9  Ultrasou nd Assessment During and After Peripheral  Intervention b79 1 L-______________________________ � ____________________________________________ � L-.� 
1 1 .  Mills JL. Fujitani RM, Taylor SM: The contribu

tion of routine intraoperative completion arte
riography to early graft patency. Am J Surg 
1 64:506-51 1, 1 992. 

12. Miller A, Maracaccio EJ, Tannenbaum GE, et al: 
Comparison of angioscopy and angiography for 
monitoring infra inguinal vein bypass grafts: 
Results of prospective randomized trial. J Vasc 
Surg 1 7:382-398, 1 993. 

13.  Dalman RL, Harris EJ, Zarin"s CK: Is completion 
arteriography mandatory after reversed-vein 
bypass grafting? J Vasc Surg 23:637-644, 1996. 

14.  Mewissen MW, Kinney EV, Bandyk DF, et al: 
The role of duplex scanning versus angiography 
in predicting outcome after balloon angioplasty 
in the femoropopliteal artery. J Vasc Surg 1 5 :  
860-864, 1992. 

1 5 .  Johnson BL, Avino AJ, Bandyk DF: Duplex
monitored angioplasty of peripheral artery and 
infrainguinal vein graft stenosis. In Whittemore 
AD (ed): Advances in Vascular Surgery, Vol 8. St. 
Louis, Mosby, 2000, pp 83-95. 

16 .  Gupta AK, Bandyk DF, Cheanvechai D, Johnson 
BL: Natural history of infrainguinal vein graft 
stenosis relative to bypass grafting technique. J 
Vasc Surg 25:21 1-225, 1997.  

1 7. Mills JL, Bandyk DF, Gahtan V, Esses GE: The 
origin of infra inguinal vein graft stenosis: A 
prospective study based on duplex surveillance. 
J Vasc Surg 2 1 : 1 6-25, 1995. 

18. Bandyk DF: Infrainguinal vein bypass graft sur
veillance. How to do it, when to intervene, and 
is it cost-effective? J Am Coll Surg 194:S40-S52, 
2002. 

19 .  Moody AP, Gould DA, Harris PL: Vein graft sur
veillance improves patency in femoropopliteal 
bypass. Eur J Vasc Surg 4 : 1 1 7-120, 1 990. 

20. Mills 1L, Harris EJ, Taylor LM, Beckett WC: The 
importance of routine surveillance of distal 
bypass grafts with duplex scanning: A study 
of 379 reversed vein grafts. ] Vasc Surg 12:379-
389, 1 990. 

2 1 .  Roth SM, Bandyk DF: Duplex imaging of lower 
extremity bypasses, angioplasties, and stents. 
Semin Vasc Surg 12:275-284, 1 999. 

22.  Spijkerboer AM, Nass PC, de Valois ]C, et al: 
Evaluation of femoropopliteal arteries with 
duplex ultrasound after angioplasty. Can we 
predict results at one year? Eur J Vasc Endovasc 
Surg 12 :418-423, 1996. 

23. Tielbeek AV, Rietjens E, Buth J, et al: The 
value of duplex surveillance after endovascular 
intervention for femoropopliteal obstructive 
disease. Eur J Vasc Endovasc Surg 12 : 145-150, 
1 996. 

24. Cluley SR, Brener BJ, Hollier L, et al: Transcuta
neous ultrasonography can be used to guide 
and monitor balloon angioplasty. J Vasc Surg 
1 7:23-3 1, 1993. 

25. Ramaswami G, Al-kutoubi A, Nicolaides AN, et 
al: Duplex controlled angioplasty. Eur J Vasc 
Surg 8:45 7-463, 1994. 

26. Calligaro KD, Musser DJ, Chen AY, et al: 
Duplex ultrasonography to diagnose failing 
arterial prosthetic grafts. Surgery 120:455-459, 
1996. 

27. Westerband A, Mills JL, Kistler S, et al: Prospec
tive validation of threshold criteria for inter
vention in infrainguinal vein grafts undergoing 
duplex surveillance. Ann Vasc Surg 1 1 :44-48, 
1997.  

28. Caps T, Cantwell-Gab K, Bergelin RO, Strand
ness DE ]r: Vein graft lesions: Time of onset and 
rate of progression. J Vasc Surg 22:466-475, 
1995. 

29 . Erickson CA, Towne ]B, Seabrook GR, et al: 
Ongoing vascular laboratory surveillance is 
essential to maximize long-term in situ saphe
nous vein bypass patency. J Vasc Surg 23 : 18-24, 
1996. 

30. Back MR, Novotney M, Roth SM, et al: Utility 
of duplex surveillance following iliac artery 
angioplasty and primary stenting. J Endovasc 
Ther 8:629-637, 2001 .  

31 .  Roth SM, Back MR, Bandyk DF, et  a l :  A rational 
algorithm for duplex surveillance following 
carotid endarterectomy. J Vasc Surg 30:453-
460, 1 999. 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


Chapter 
20 

UltrasOllnd ill the Diagnosis 
and Management of 
Arterial Emergencies 

Vascular emergencies require a prompt diag
nosis, as timely intervention is often criti
cally important. Delays of minutes or hours 
in management may mean the difference 
between life and death, or limb preservation 
or loss. Ultrasound now plays an important 
role in the diagnosis and management of 
many vascular emergencies. 

Since vascular emergencies often are 
managed nonoperatively, an accurate diag
nosis is critical to appropriate patient 
triage. Several diagnostic modalities can be 
applied in such cases. In addition to duplex 
ultrasound, other modalities include com
puted tomographic angiography, magnetic 
resonance angiography, digital subtraction 
angiography, and intravascular ultrasound. 
The advantages of ultrasound for emergen
cies include ready availability, portability, 
speed, and high temporal and spatial 
resolution. A relative disadvantage is the 
acoustic barrier presented by bone, air in 
lung and bowel, and tissue edema; these 
limit the use of ultrasound at the skull base, 
in the chest, deep pelvis, and injured 
extremities with extensive tissue disrup
tion. Depiction of regional arterial supply 
through collateral pathways around · a 
diseased vessel is also less complete with 
ultrasound than with angiography. The 
choice of ultrasound as a diagnostic mo
dality reflects these factors as well as 
the clinical information needed to direct 
management. 

RUPTURED ABDOMINAL 
AORTIC ANEURYSM 

An aneurysm is a localized dilation of an 
artery, with an increase in diameter of 
greater than 50% of the normal size. 
Abdominal aortic aneurysms (AAAs) are 
most commonly encountered in the infra
renal region. As the population ages, the 
incidence of AAAs is increasing. In the 
1950s, 8 .7 new aneurysms were diagnosed 
in the United States per 100,000 person
years, compared with 36.5 new aneurysms 
per 100,000 person-years during the 1970s. 1 
This has also been noted in other Western 
countries and is the result of increased life 
expectancy and improved diagnostic tools. 
Approximately 1 . 5  million Americans have 
AAAs, and 200,000 are diagnosed each year. 
Nearly 50,000 aneurysmectomies are per
formed annually, and 1 5,000 deaths result 
from ruptured AAAs, which represents the 
13th leading cause of death in our nation.2 
Most AAAs are asymptomatic and are 
detected during routine physical examina
tions or radiologic procedures for other 
problems. Symptomatic aneurysms may 
result in abdominal, flank, or back pain; 
embolization; thrombosis; or rupture. The 
latter complication is usually fatal. 

The goal of treatment of AAAs is avoidance 
of rupture. Elective repair is reserved for sub
jects with AAAs of 5 to 5 .5  cm in diameter, 
and postoperative survival is approximately 
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95%. The diseased portion of the aorta is 
replaced with a synthetic graft, or it is 
excluded via an endoluminal approach. 
Most AAAs are too small to warrant surgical 
treatment; however, they are prone to 
gradual expansion. Risk factors for expan
sion and rupture have been described, but 
there is no therapy to prevent AAA growth.3 

A multidisciplinary research program 
supported by the National Heart, Lung, and 
Blood Institute identified four causes of 
AAA formation: (1) proteolytic degradation 
of aortic wall connective tissue, (2) inflam
mation and immune responses, (3) bio
chemical wall stress, and (4) molecular 
genetics.4 In vivo models of AAA formation 
and studies on human aortic tissue have 
been used to elucidate the role of various 
proteases. These models suggest that matrix 
metalloproteinases, derived from macro
phages and aortic smooth muscle cells, play 
an integral role in aneurysm formation. The 
preferential infrarenal site for AAA forma
tion suggests that there may be differences 
in aortic structure, biology, and stress along 
its length. Increased shear and tension on 
the aortic wall result in collagen remodel
ing, and the decrease in the elastin-to
collagen ratio from the proximal to the 
distal aorta may also be causative. Familial 
clustering and a common human leukocyte 
antigen (HLA) subtype indicate a genetic 

A B 

role in the formation of AAAs. Although no 
single genetic polymorphism or defect has 
been identified as a common denominator 
for AAAs, subjects with affected siblings are 
at increased risk for developing them. 

Ultrasonography is often used as the 
initial procedure for diagnosis of AAAs. It is 
also used for screening surveys and serial 
measurement of AAA size. When aneurysms 
rupture, only 50% of patients present with 
the "classic" triad of abdominal or back 
pain, hypotension, and pulsatile abdominal 
mass. The clinical diagnosis may, therefore, 
pose a challenge, particularly in patients 
without a known history of AAA. An accu
rate imaging diagnosis of retroperitoneal 
hematoma in the presence of AAA enables 
rapid transport to the operating room. 

Although noncontrast CT is also useful 
for this purpose, ultrasound is faster in these 
potentially unstable patients. Ultrasound 
diagnosis of an abdominal aneurysm has a 
sensitivity of 98% and specificity of 95% in 
the setting of abdominal pain and hemo
dynamic instability.s While active extrav
asation is never brisk enough to demon
strate by Doppler ultrasound, the resultant 
hematoma provides evidence of rupture 
(Fig. 20-1) . Initially, intramural hemor
rhage may be visible as an echogenic 
crescent within the aneurysmal wall. Fol
lowing rupture, blood initially accumu-

FIGURE 20-1 . Ruptured aortic aneurysm. Transverse (A) and oblique (B) views of aortic aneurysm (cursors) with 
abundant mural thrombus and a small periaortic hematoma (arrow) . 
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A B 
FIGURE 20-2. Retroperitoneal hematoma. A, Computed tomographic image shows a large abdominal aortic 
aneurysm with intramural (arrowhead) and retroperitoneal (arrow) hemorrhage. B, Ultrasound shows a large 
retroperitoneal hematoma in the left flank, infiltrating the psoas muscle (arrow) and distorting tissue planes. 

lates in the para-aortic space, extending 
toward the flanks via the pararenal space. 
Hemorrhage may track along the course of 
the iliac arteries to the extraperitoneal 
spaces of the pelvis (Fig. 20-2). Anterior 
extension may transgress the posterior peri
toneum, resulting in hemoperitoneum. 

When the patient presents with abdomi
nal pain, the operator may be reluctant to 
use probe pressure to visualize the aorta for 
fear of provoking or exacerba ting rupture. 
Although this is rarely a practical concern, 
the use of a coronal approach from the 
left flank avoids trapping the aneurysm 
between the transducer and the spine. Addi
tionally, this approach frequently provides 
improved visualization of the aorta by cir
cumventing overlying bowel gas. 

Aortic dissection may be encountered as 
an alternative diagnosis in patients with a 
clinical presentation suggesting aneurysm 
rupture. Although ultrasound is not a 
primary diagnostic modality, since it cannot 
reveal the full extent of dissection in the 
thorax, the characteristic intimal flap and 
altered blood flow pattern is readily visible 
and can lead to appropriate workup and 
treatment (Fig. 20-3). Additional details 
about aortic aneurysm and dissection are 
presented in Chapter 29.6 

CAROTID ARTERY STENOSIS 

Duplex scanning is the most popular non
invasive method for diagnosing carotid 
artery occlusive disease. Many surgeons use 
it as the sole diagnostic test prior to carotid 
endarterectomy. Carotid plaque morphol
ogy and the severity of carotid stenosis 
can be accurately determined with this 
technique. The combination of gray-scale 
and color flow imaging allows proper posi
tioning of the Doppler sample volume and 
provides information about plaque mor
phology. Accurate quantitation of carotid 
stenosis is achieved by analysis of Doppler
derived spectral waveforms. 

Symptomatic carotid artery stenosis is 
manifested by transient ischemic attacks 
(TIAs) or stroke (cerebrovascular accident, 
CVA) . Neurologically unstable patients, 
in whom emergency carotid endarterec
tomy may be indicated, include those 
with crescendo transient ischemic attacks, 
stroke in evolution, fluctuating or fixed neu
rologic deficits caused by acute carotid 
artery thrombosis, and free-floating throm
bus. In these cases, rapid sonographic 
evaluation of the carotid bifurcation can 
result in timely surgery to prevent stroke or 
death. 
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Sonographic detection and quantification 
of carotid stenosis in the emergency setting 
(Le., progressive neurologic deficit) is 
similar to the nona cute setting and is 
described in Chapter 9. It is important to 
distinguish acute carotid thrombosis from 
stable (chronic) carotid occlusion. Whereas 
revascularization of a chronic occlusion is 
generally contraindicated, timely interven
tion may avoid or limit neurologic sequelae 
in cases of acute thrombosis. 

Acute thrombosis may occur as a compli
cation of endarterectomy or stenting, or it 
may represent acute progression of carotid 
stenosis. The thrombus is usually heteroge
neously echogenic (Fig. 20-4) . The vessel 
lumen is of normal caliber or slightly 
expanded, as opposed to chronic occlusion, 

FIGURE 20-3. Aortic dissection. Sagittal (A) 
image of the abdominal aorta shows an 
echogenic intimal flap (arrow). Transverse 
color view (B) clearly distinguishes the patent 
true lumen (arrow) from the thrombosed false 
lumen (arrowhead). 

which may result in luminal narrowing or 
obliteration. 7  Pulsations may be observed in 
the vessel wall, which retains its normal 
compliance. Swirling, sludgelike flow may 
be observed in the carotid bulb at the 
interface of the thrombosed and patent 
lumen. Spectral waveforms assume a high 
impedance, hammer-like or to-and-fro con
figuration proximal to the thrombus. Inter
nalization of the external carotid artery 
waveform is uncommonly seen with acute 
thrombosis due to insufficient time to 
develop collateral pathways. 

If the thrombus is nonocclusive, its free 
edge may oscillate back and forth in the 
bloodstream; the "free-floating" thrombus 
has a characteristic appearance at real
time examination (Fig. 20-5) .8 The risk of 
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FIGURE 20-4. Carotid thrombosis. Shortly after endarterectomy, lon
gitudinal (A) and transverse (B) scans show hypo echoic thrombus 
filling the common carotid artery. Duplex scan (C) shows "water
hammer" waveforms at the interface of the patent lumen and acute 
thrombus. PCCA, proximal common carotid artery. C 

FIGURE 20-5. Free-floating thrombus. Longitudinal 
ultrasound in the distal common carotid artery shows 
nonocclusive thrombi (arrowheads) with a nonadherent 
tail (arrow) seen to move back and forth in the blood
stream on real-time examination. 
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embolization is related to the extent of 
attachment of the base of the thrombus to 
the vessel wall; this can be depicted with the 
aid of color Doppler or B-flow.9 

When patients with acute carotid steno
sis or thrombosis undergo thrombectomy or 
revascularization, intraoperative ultrasound 
is a useful adjunctive technique. Scanning 
directly over the vessel in the exposed sur
gical field yields superb resolution of the 
vessel wall. It is possible to visualize small 
intimal flaps, ulcerative plaques, or retained 
thrombi, leading to immediate surgical 
revision, which favorably impacts patency 
rates. 10 

CAROTID ARTERY DISSECTION 

Carotid artery dissection results from a 
hemorrhage within the carotid wall. The 
media is the most common location for 
hemorrhage, and this may extend into 
the subintimal or sub adventitial layers. The 
former may result in thrombosis of the 
vessel; aneurysms may occur from the 
latter. Carotid dissection usually occurs in 
the proximal internal carotid artery and 
extends distally to the carotid canal in the 
petrous portion of the temporal bone. 

Spontaneous dissections may be associ
ated with type IV Ehler-Danlos syndrome, 
Marfan syndrome, fibromuscular dysplasia, 
and cystic medial necrosis; however, most 
spontaneous dissections are idiopathic. 
They often happen in previously healthy 
individuals younger than 40 yr. 1 l Most 
traumatic carotid dissections result from 
motor vehicle accidents in which the neck 
is hyperextended, compressing the carotid 
artery against the atlas or second cervical 
vertebra. Blunt trauma, penetrating injuries, 
and catheter injuries during arteriography 
also cause traumatic dissections. 12 

In the United States, the annual incidence 
of symptomatic carotid artery dissection is 
2.6 per 100,000. The actual incidence may 
be higher, since many episodes may be 
asymptomatic or cause only minor tran
sient symptoms, thereby remaining un
diagnosed. Morbidity from carotid artery 
dissection varies in severity from transient 
neurologic deficit to permanent deficit and 

death. Dissection of the intracranial portion 
of the internal carotid artery, although rare, 
is associated with a 75% mortality rate. The 
male-to-female ratio of carotid dissection 
is l .5 : l .  The mean age for extracranial inter
nal carotid artery dissection is 40 yr; 
intracranial dissections are more common 
in those 20 to 30 years old. ApproXimately 
20% of strokes in young patients are caused 
by carotid artery and vertebral artery dis
sections in the neck, compared with 2.5% 
in older patients. 

Patients with carotid dissection often 
complain of neck pain, headache, tinnitus, 
or a focal neurologic deficit. Horner syn
drome, transient monocular blindness, neck 
swelling, and cranial nerve palsy may also 
result. The onset of symptoms may be hours 
to days after the dissection occurs. 13 

Duplex scanning of patients with sus
pected carotid dissection can be performed 
quickly in the emergency department to 
make this diagnosis. Typical findings with 
duplex scanning include a patent carotid 
bifurcation with tapering of the internal 
carotid artery, leading to a distal stenosis or 
occlusion (Fig. 20-6) . Intimal flaps or mem
branes may be seen (Fig. 20-7), and spectral 
analysiS reveals high-reSistance waveforms 
with reduced flow velocity in the internal 
carotid artery. 14 

The false lumen may be thrombosed or 
patent. If acutely thrombosed, the intimal 
flap may bulge in convex fashion toward 
the true lumen. A patent false lumen usually 
exhibits flow characteristics differing from 
the true lumen, unless a second intimal 
tear downstream reestablishes continuity 
between the true and false lumen. More 
commonly, the false lumen demonstrates 
low peak flow velocity with reversal of flow 
during diastole. 

If the site of dissection is near the skull 
base, it may not be visible with ultrasound. 
In such cases, altered hemodynamics in the 
ICA proximal to the dissection (reduced 
peak velocity, increased impedance) con
stitute indirect evidence for the diagnosis 
in a patient with a compatible clinical pres
entation. Magnetic resonance angiography 
is indicated in this situation to confirm 
the diagnosis and establish the extent of 
dissection. 
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FIGURE 20-6. Common carotid artery (CCA) 
dissection. A, The true lumen tapers distally, 
compressed by the thrombosed false lumen. B, 
High-velocity, high-impedance flow reflects 
the degree of stenosis caused by the displaced 
intimal flap. 

ACUTE LOWER 
EXTREMITY ISCHEMIA 

A 

B 

Acute ischemia of the lower extremity is 
caused by an embolism from the heart or a 
more proximal arterial location, or from 
acute thrombosis of the affected artery. 
Approximately 80% of peripheral arterial 
emboli originate in the heart. Cardiac 
thrombus may develop secondary to rheu
matic heart disease, myocardial infarction, 
endocarditis, prosthetic valve, arrhythmia, 
and neoplasms. An embolism can also orig
inate from any artery outside the heart, and 
the abdominal aorta is the most common 
source of artery-to-artery emboli. Athero
sclerotic plaques and small aneurysms of 
the aorta or iliac arteries account for approx
imately 70% of these emboli. More distal 
lower extremity arteries (e.g., superficial 

femoral) account for most of the other cases 
of emboli of arterial origin. Duplex imag
ing of infrainguinal occlusive disease has 
become popular in elective revasculariza
tion cases, leading some practitioners to 
abandon angiography. ls The same argu
ments supporting preferential use of 
ultrasonography in acute situations will 
undoubtedly lead to its use in cases of acute 
arterial thrombosis. 

Detection of lower extremity aneurysms 
that may be the source of emboli is readily 
accomplished with ultrasound (Fig. 20-8). 
The upper limit of the normal arterial diam
eter is 10 mm in the common femoral 
artery, 8 mm in the superficial femoral 
artery, and 5 to 6 mm in the popliteal artery. 
Fusiform enlargement is often accompanied 
by vessel tortuosity and may be multifocal. 
Popliteal aneurysms are associated with 
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FIGURE 20-7. Carotid dissection. Transverse 
(A) and longitudinal (B) images demonstrate 
an echogenic intimal flap (arrows). Color 
image (C) shows retrograde diastolic flow in 
the patent false lumen (arrowhead) . 

FIGURE 20-8. Popliteal aneurysm. Transverse (Al and longitudinal (Bl images of 2-cm aneurysm with irregular 
intimal plaque. 
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R) H igh thigh Pulse Volume Recording L) H igh thigh 

Pressures 

Brachial 1 99 

1 .08 ML Vol: 1 9 1 4  ML Gain:20% 

0.47 ML Vol:657 ML Gain:20% 

R) Ankle 

0. 1 4  ML Vol:424 ML Gain:20% 

R) Metatarsal 

223 

0.52 ML Vol : 1 5 1 7  ML Gain :20% 

L) Low thigh 

0.73 ML Vol : 1 402 ML Gain:20% 

L) Calf 

0 . 1 3  ML Vol:559 ML Gain :20% 

L) Ankle 

0.02 ML Vol:297 ML Gain :20% 

L) Metatarsal 

0.06 ML Vol : 1 94 ML Gain :40% 1 .04 Ankle-brachial index 0.01 ML Vol : 1 72 ML Gain:40% 

L) Digit 

0.00 ML Vol:32 ML Gain :80% 

F,GURE 20-9. Atheroembolic occlusion. Lower extremity arterial Doppler examination on a patient presenting with 
cold left foot. The ankle-brachial index is unobtainable, due to inaudible pulses in the left foot. Pulse volume 
recordings show progressively diminishing amplitude and pulsatility below the left knee. DP, dorsalis pedis; PT, 
posterior tibial. 

AAA in 30% to 35% of patients. Intra
luminal plaque with an irregular luminal 
contour and heterogeneous echogenicity 
may be of higher risk for embolization than 
smooth, homogeneous plaque. 16 

In acute arterial thrombosis, nonduplex 
physiologic testing (Le.,  segmental arterial 

pressure measurement and volume plethys
mography) is useful to confirm the pres
ence of a flow-limiting lesion, and this test 
can often indicate the involved vascular 
segment (Fig. 20-9). Duplex scanning can 
then be directed to the area of suspicion, 
and the site of embolization can be 
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identified (Fig 20-10) . For example, if seg
mental pressure measurements demonstrate 
a pressure gradient across the knee, duplex 
scanning should begin above this level, in 
the mid-superior femoral artery. The exam
ination should proceed distally to the point 
of obstruction. Color Doppler is essential for 
surveying long segments of vessel for the 
presence of flow and to identify the dis
turbed color pattern and collateral branches 
at the site of occlusion. Spectral Doppler 
sampling at intervals along the vessel may 
demonstrate characteristic changes in the 
arterial waveform. Proximal to the occlu
sion, the waveform shows increased imped
ance and may convert from triphasic to 
biphasic flow, with flow reversal in end
diastole. Downstream from the occlusion, 
waveforms are typically monophasic, with 
diminished peak velocities. Caution is 
necessary with such waveform analysis in 
patients with significant atherosclerosis, 
as serial-segment or long-segment stenoses 

FIGURE 20-1 0. Atheroembolic occlusion. 
High-impedance, low-velocity flow is present 
in the posterior tibial artery (A) proximal to an 
occlusive thrombus (B) . A small collateral 
vessel (arrowhead) is seen just above the throm-
bus (C). 

upstream and downstream from the occlu
sion may exert unpredictable effects on 
regional hemodynamics. 

After an acute embolic occlusion, the 
artery may undergo retrograde thrombosis 
to the nearest proximal branch that pro
vides a collateral pathway around the 
obstruction. It is seldom feasible to track the 
entire course of the small, sinuous collateral 
vessels, but in following the thrombosed 
arterial trunk with color Doppler, one can 
often detect the point at which arterial 
patency is reconstituted. Tracking the 
thrombosed artery is complicated by the 
lack of color signal within its lumen, but the 
accompanying vein (or in the calf, paired 
veins) provides a useful landmark for its 
location. Small vessel size, as well as exten
sive atheromatous disease and collaterals in 
patients with chronic ischemia, limit the 
use of duplex scanning in the infrapopliteal 
arteries. However, the distal anterior and 
posterior tibial arteries are readily accessible 
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to duplex sampling due to their constant 
superficial location.I7 

Failure of infrainguinal bypass grafts 
may present acutely with lower extremity 
ischemia. The cause of graft failure usually 
relates to stenosis within or adjacent to the 
graft, impairing blood flow and ultimately 
leading to thrombosis. The typical cause of 
graft failure is related to the age of the graft. 
In the early postoperative period (<1 mo), 
technical problems with vein selection or 
anastomosis construction are often impli
cated. At graft maturity (1 mo-2 yr), the 
development of fibrointimal hyperplasia 
at vein valves and anastomoses leads to 
stenoses. In the later period (>2 yr), graft 
failure is usually due to progression of ath
erosclerotic disease in the adjacent native 
circulation. A program of duplex graft sur
veillance is beneficial in improving graft 
patency by detecting asymptomatic lesions 
before graft thrombosis. In one study of 101 
infrainguinal vein grafts, no grafts with 
normal duplex examinations progressed 
to occlusion, while 54% of grafts with ab
normal duplex examinations proceeded 
to failure. 18 Correction of asymptomatic 
lesions prior to graft failure improves sec
ondary patency rates. 

When patients present with acute 
ischemia, duplex scanning often reveals 
graft thrombosis with absence of flow 
(Fig. 20-1 1) .  Flow being present within the 
graft, average peak systolic velocity of less 
than 45 cm/sec, and interval (compared 
with prior examinations) fall in ankle
brachial index of more than 0. 15  are signs 

F,GURE 20-1 1 .  Bypass graft failure. Echogenic 
thrombus occludes all but the most proximal 
segment of this autogenous vein graft. 

of impending graft failure (Fig. 20-12) . 
Other graft complications detectable by 
duplex scanning include arterial-venous 
shunting through unligated vein branches, 
anastomotic pseudoaneurysm, and perigraft 
abscess. 

FEMORAL PSEUDOANEURVSM 

Thousands of diagnostic catheterization 
procedures are performed daily in the 
United States to delineate the coronary or 
peripheral arterial circulation. The most 
common entry route is the femoral artery. 
A pseudoaneurysm, or false aneurysm, is a 
confined collection of thrombus and blood 
associated with disruption of one or more 
layers of an artery wall. This occurs at the 
puncture site as a complication of per
cutaneous arterial catheterization. Pseudo
aneurysms differ from true aneurysms in 
that the latter contain all three histologic 
layers of the arterial wall, whereas pseudo
aneurysms contain less than three and often 
none of these layers. 

Modern duplex imaging makes the diag
nosis of femoral artery pseudoaneurysm 
routine. I9 The pseudoaneurysm usually 
arises from the superficial aspect of the 
artery at the site of puncture. This is most 
often at the level of the common femoral 
artery, but occasionally puncture occurs 
above the inguinal ligament in the external 
iliac artery or below the bifurcation in 
the superficial or deep femoral artery. The 
pseudo aneurysm lumen is connected to the 
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A B 
FIGURE 20-1 2. Impending graft failure. A, Disturbed color flow and high peak velocity (S 12.8 cm/sec) are demon
strated by duplex study at a high-grade stenosis just beyond the proximal graft anastomosis. B, Low-velocity flow 
downstream from the stenosis portends impending graft failure. 

underlying artery by a cylindrical neck
variable in length and diameter-which 
takes the course of the needle tract. Color 
Doppler is useful for detection of the 
pseudoaneurysm and its neck. Once de
tected, spectral Doppler flow within the 
neck is diagnostic (Fig. 20-13). 

The pseudoaneurysm lumen is often 1 to 
3 cm in diameter, although large pseudoa
neurysms can exceed 5 cm, and the pres
ence of a string of aneurysms with multiple 
lumens is common (Fig. 20-14) . Sometimes 
flow within a needle tract is detectable by 
color flow imaging without an associated 
lumen.2o A swirling pattern of blood flow in 
the lumen often appears on color imaging 
as a characteristic "yin-yang" sign (Fig. 
20-15) .  The lumen may be partially throm
bosed at the time of diagnosis. 

Because of the potential risk of growth 
and rupture, pseudoaneurysms should be 
treated at the time of diagnosis. Since initial 
description of the technique in 1992, ultra
sound-guided compression repair has been 
efficacious and safe.21 Approximately 75% 
of femoral pseudoaneurysms are success
fully thrombosed with this method; how
ever, it can reqUire prolonged compression 

(up to or exceeding 1 hr) to achieve success. 
This is tedious for the operator and painful 
for the patient. A certain percentage of 
pseudoaneurysms are not amenable to 
this technique, because, despite forceful 

FIGURE 20-1 3. Femoral artery pseudoaneurysm. Du
plex sampling in the pseudoaneurysm neck demon
strates characteristic to-and-fro flow. 
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CHAPTER 20 Ultrasound in the Diagnosis and Management of Arterial Emergencies r1 

FIGURE 20-1 4. Multilocular pseudoaneurysm. Two dis
tinct lumens (arrowheads) communicate with the 
common femoral artery (short arrow) via a single neck 
(long alTOW). 

compression, flow cannot be completely 
excluded from the aneurysm neck. 

Ultrasound-guided thrombin injection is 
the current treatment of choice for femoral 
pseudoaneurysms; it may be used in elective 
or emergency situations.22 We recently 
reported our results with thrombin injec
tion in 40 patients with femoral pseu
doaneurysms.23 All 40 patients had initial 
complete thrombosis of their femoral 
pseudoaneurysms. In each case, except for 
one, the aneurysm was thrombosed on 
follow-up duplex ultrasound; there was one 
complication. The following technique was 
employed. 

A S-MHz linear array transducer, or a 5-
2-MHz curved array transducer was used for 
scanning and gUidance for thrombin injec
tion. Informed consent was obtained in all 
cases. The skin was prepped with povidone 
iodine (Betadine) and covered with a sterile 

drape. The transducer was covered with a 
sterile sleeve. A 22-gauge spinal needle was 
placed in a biopsy guide and advanced into 
the false aneurysm under direct ultrasound 
visualization. A radiologist performed the 
initial examination for diagnosis. The 
pseudoaneurysm was identified and charac
terized with color flow imaging. Pulsed 
Doppler was performed to demonstrate flow 
direction in the neck of the pseudo
aneurysm. Color Doppler was turned off 
during placement of the needle into the 
false aneurysm to improve visualization of 
the needle tip. Color Doppler was used to 
assess thrombosis during thrombin injec
tion. The injection was performed by a vas
cular surgeon. In all cases, once the needle 
tip was seen within the false aneurysm, a I 
cc  syringe was used to  inject 0 .5  to  1 mL of 
a 1000-U/mL solution of bovine thrombin. 
The majority of cases required only 0.5 mL 
of thrombin to accomplish pseudoan
eurysm thrombosis (Fig. 20-16). One case 
required a second injection. The needle tip 
was placed away from the pseudoaneurysm 
neck to avoid injection into the femoral 
artery. Color Doppler was performed after 

FIGURE 20-15.  Femoral artery pseudoaneurysm. The 
lumen shows the distinctive "yin_yang" appearance. 
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A 

c 

injection to assess the degree of thrombosis 
and to check patency of the femoral artery 
and vein. Distal pulses were also checked 
after treatment. No patients required local 
anesthesia or conscious sedation. After 

B 

FIGURE 20-16. Pseudoaneurysm thrombin injection. 
A, Unilocular pseudoaneurysm with a long, broad 
neck. B, A 22-gauge needle is placed in the pseudo
aneurysm lumen under direct ultrasound guidance. 
Note that the lumen has undergone partial sponta
neous thrombosis. C, Complete thrombosis immedi
ately following thrombin injection. 

successful aneurysm thrombosis, all pa
tients were kept on bedrest for several 
hours. A follow-up duplex scan was ob
tained the next day to assess for pseudo
aneurysm recurrence. 
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CHAPTER 20 Ultrasound in the Diagnosis and Management of Arterial Emergencies [;�"s�l 
We also reviewed 19 additional studies 

of more than 400 patients undergoing 
thrombin injection of femoral pseudo
aneurysms. The initial success rate was 
99%. In most cases, aneurysm thrombosis 
occurred within seconds of the initial injec
tion. Few cases required more than 15 min 
to complete. The complication rate with 
this technique was strikingly low, and no 
cases of limb-threatening ischemia were 
reported following thrombin injection of 
pseudoaneurysms. 

PENETRATING ARTERIAL 
TRAUMA 

Penetrating trauma is the most common 
cause of noniatrogenic injury to blood 
vessels. Age, gender, race, socioeconomic 
status, education, a criminal record, alcohol 
and drug use, and gun ownership have been 
associated with this type of injury.24 The 
anatomic distribution of penetrating vascu
lar injuries depends on the mechanism of 
injury. Nonfatal gunshot wounds usually 
involve abdominal vessels, followed by the 
lower extremities.25 Shotgun wounds are 
more likely to involve extremity blood 
vessels, and truncal shotgun wounds are 
more often fatal. Stab wounds are most 
common in the neck, arms, and trunk. 

Some patients with extremity trauma 
have clear evidence on examination of sig
nificant vascular injury and undergo surgi
cal exploration without imaging. In some 
cases, however, a vascular injury is sus
pected without hemodynamic compromise, 
based on the location or nature of the 
injury. Most of these patients undergo 
angiography, but some centers have inves
tigated the utility of duplex ultrasound for 
these cases, seeking intimal injury/throm
bosis, traumatic pseudoaneurysms, and 
arterial-venous fistulas (Fig. 20-17) .  

An extremity/brachial pressure index in 
the affected limb of less than 0.90 has been 
used as a threshold to prompt duplex eval
uation. Bynoe and colleagues26 used duplex 
scanning in 198 patients; they achieved a 
sensitivity of 95%, a specificity of 99%, and 
an overall accuracy of 98% for identifying 
arterial injuries.27 In an experimental study 

comparing duplex sonography and arteri
ography in a canine model of arterial injury, 
duplex scanning was significantly more 
accurate than angiography in identifying 
arterial lacerations.28 These results, however, 
have been achieved in relatively few insti
tutions, and those undertaking use of 
duplex scanning for the diagnosis of arterial 
injuries are advised to establish a mecha
nism of assessing results achieved in their 
own laboratory. 

Patients undergoing duplex evaluation to 
assess for occult vascular injury from pene
trating trauma in proximity to the vascular 
bundle are by definition hemodynamically 
stable; thus, the examination does not have 
to be performed immediately on admission 
to the trauma room. However, it should be 
done expeditiously to facilitate manage
ment, especially in multitrauma victims. 
Since the site of vessel injury is difficult to 
predict based on the location of entry and 
exit wound, the study should extend to the 
joints above and below the level of injury. 
For shotgun wounds, where the injury is 
often more diffuse, the examiner should be 
especially careful to evaluate the entire 
affected area. Evaluation should include 
veins as well as arteries to assess for trau
matic arteriovenous fistulae, as well as iso
lated venous injuries. 

Several factors can complicate perform
ance of the duplex examination in the 
trauma setting. Uncooperative or combative 
patients may reqUire sedation to limit 
motion of the extremity. Acoustic access 
may be limited by the presence of wound 
dressings, orthopedic immobilizing devices, 
and air or metallic foreign bodies in the soft 
tissues. Soft tissue hematomas increase the 
depth of penetration needed to visualize the 
vessels. Repositioning of the transducer may 
provide an alternative window to overcome 
some of these obstacles. Scanning through 
an open wound reqUires the use of a sterile 
probe cover and sterile gel to minimize risk 
of infection. 

Color flow survey of the regional arteries 
and veins facilitates rapid assessment of the 
affected area. Sites of disturbed or absent 
color flow, or extravascular flow should 
prompt closer inspection. Gray-scale 
imaging should be performed to seek 
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c 

FIGURE 20-1 7. Peripheral arterial trauma. A, 
Segmental thrombosis of the common femoral 
artery after blunt trauma. B, Brachial artery 
extravasation due to penetrating injury. C, 
Combined pseudo aneurysm and arteriove
nous fistula formation following deep femoral 
artery laceration. Arrow, profunda femoris 
artery; arrowhead, common femoral vein. 
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L..... ____________________ ...... L.J 
intimal irregularity or flap formation and 
the presence of intraluminal thrombus. 
Because it does not overwrite the vessel wall 
like color flow Doppler can, B-flow imaging 
can be especially useful in visualizing a 
vessel wall abnormality in relation to the 
local flow disturbance. Assessment of the 
degree of narrowing incurred at the site of 
injury requires pulsed Doppler sampling. 

Arterial injuries from penetrating trauma 
detectable by duplex scanning include arte
rial stenosis or occlusion (from intramural 
hematoma or transmural laceration), dis
section or intimal flap formation, pseudo
aneurysm, and arteriovenous fistula. Ve
nous injuries include thrombosis, extrinsic 

A 

FIGURE 20-1 8. Compartment syndrome. Changes in 
impedance are seen in the posterior tibial artery wave
forms obtained proximal (A) and distal (B) to the site 
of calf swelling. Normal triphasic flow is present in the 
asymptomatic contralateral posterior tibial artery (C). 

compression (from hematoma or soft tissue 
swelling), and fistula. Diagnostic criteria for 
these entities are similar to those that apply 
in the non trauma setting. 

Another potential role for duplex sonog
raphy in the setting of extremity trauma is 
the diagnosis of compartment syndrome. 
Compartment syndromes are caused by 
increased pressure within a closed tissue 
space, leading to impaired perfUSion and 
tissue ischemia. Duplex analYSis of venous 
and arterial flow proximal and distal to the 
involved limb segment would be expected 
to demonstrate changes characteristic of 
venous congestion and increased arterial 
impedance (Fig. 20-18).29 Compartment 

B 
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pressure measurements, however, remain 
the most important diagnostic modality. 
Further investigation is necessary to con
firm the clinical utility of ultrasound for this 
syndrome. 

CONCLUSIONS 

Algorithms for the diagnosis of arterial 
pathology are evolving with the rapidly 
advancing capabilities of cross-sectional 
imaging. The expanding therapeutic role 
associated with catheter angiography has 
made this traditional mainstay of vascular 
diagnosis and intervention even more valu
able. In this perspective, the ultimate role of 
duplex sonography in the workup of arte
rial emergencies is unsettled. Its strengths 
are most clearly displayed in the acute care 
setting, where rapid resolution of a focused 
clinical question results in timely interven
tion in a critically ill patient. This role has 
led to increasing use of portable ultrasound 
devices in the operating room, emergency 
department, and intensive care unit set
tings, as well as in out-of-hospital environ
ments (Le., combat fields) . If it can be 
shown that high rates of diagnostic accu
racy achieved by experienced sonographers 
using high-end equipment can be achieved 
in these alternative settings, ultrasound will 
maintain a defined role in the management 
of these challenging problems. 
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Chapter 
21 

The Role of Ultrasound in 
the Management of Extremity 

Venous Disease 

Duplex sonography can effectively diagnose 
any of the acute or chronic disease processes 
that affect extremity veins. Most com
monly, duplex sonography is used when 
acute deep venous thrombosis is suspected. 
Evaluation of chronic venous pathology is 
a less common but nevertheless important 
function of this technique. 

ACUTE VENOUS 
THROMBOEMBOLIC DISEASE 

Evaluation for venous thromboembolic 
disease (VTE) is the most common reason 
that clinicians choose duplex sonography to 
evaluate the extremity veins. While a com
prehensive review of VTE is beyond the 
scope of this chapter, a brief review of risk 
factors and conditions fostering the devel
opment of VTE is in order. VTE refers to deep 
venous thrombosis (DVT) and pulmonary 
embolism (PE), related aspects of the same 
disease process. The annual incidence of 
VTE in the United States is 2.5 million cases. 1 
Roughly 25% of untreated patients with 
DVT will sustain a nonfatal PE. Moreover, 
without treatment, PE is associated with a 
mortality rate of approximately 30%.2 The 
population at risk represents a myriad of 
clinical conditions that predispose to the 
triad that Virchow first described in 1865-
venous stasis, endothelial damage, and 
hypercoagulability. 

Thrombogenesis occurs through the acti
vation of enzymatic reactions in the intrin
sic and tissue factor pathways, leading to 

the ultimate formation of thrombin via 
the prothrombinase enzyme complex. The 
thrombomodulin-protein C system prima
rily limits coagulation, while the fibri
nolytic system further limits fibrin depo
sition. This homeostatic system is con
tinuously active and balances activation 
and inhibition of coagulation and fibri
nolysis. Thrombosis abnormalities, and the 
predisposition to thrombus formation, re
sult either from inherited or acquired pro
thrombotic conditions. 

Inherited prothrombotic disease states 
have been described with increasing fre
quency over the past 20 years. Antithrombin 
III deficiency was the first reported congenital 
thrombotic condition.3 It is transmitted in 
an autosomal dominant pattern with a 
prevalence of 1 : 5000. Isolated spontaneous 
thrombosis has been described with this 
condition; however, precipitating circum
stances, such as trauma, pregnancy, and 
surgical procedures, seem to lower the 
threshold for the development of DVT. 
Protein C and protein S are vitamin K
dependent cofactors that facilitate degrada
tion of activated factor V. DefiCiencies, 
therefore, predispose to thrombosis. Con
genital deficiencies of these factors are well 
described,4 but since these proteins are syn
thesized in the liver, acqUired deficiencies 
also may occur from variations in liver func
tion as well as with dietary changes. Protein 
C or S deficiency confers a roughly sevenfold 
increased risk for developing venous throm
bosis. Resistance to activated protein C is also 
known as factor V Leiden. This disorder 
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results from a point mutation in the factor 
V gene, rendering activated factor V resis
tant to degradation by activated protein C. 
It is present in 12% to 33% of patients with 
spontaneous VTE,s making it the most 
common inherited hypercoagulable condi
tion. Factor II (prothrombin) G20210A is a 
mutation seen in 2% to 3% of individuals, 
predominantly those of European descent. 
In a recent study, it was observed to confer 
a 2.8-fold increase in relative risk for VTE.6 
Primary hyperhomocysteinemia increases risk 
for VTE, along with the development of pre
mature atherosclerosis. Serum elevation of 
coagulation factors VIII, IX, and XI have been 
shown to confer elevated risk for venous 
thrombosis in the Leiden thrombophila 
study.7 Factor IX and XI levels greater than 
the 90th percentile confer a 2.5-fold and 2.2-
fold increased risk of VTE, respectively. Dys
fibrogenemias and hypofibrinolysis impair the 
steps involved in the generation, crosslink
age, and breakdown of fibrin. Bleeding 
diathesis, as well as VTE, has been described 
with this condition. 

Acquired prothrombotic states are more 
numerous than inherited states. Table 21-1, 
adapted from the PIOPED* study,B shows 
clinical conditions that predispose to VTE. 
Several of these conditions are briefly con
sidered. Pregnancy and the postpartum 
period confer a higher risk of developing 

Table 21-1 . Acquired Risk Factors for VTE 

Immobilization 
Surgery within 3 mo 
Stroke, paralysis of extremities 
History of VTE 
Malignancy 
Obesity 
Cigarette smoking 
Hypertension 
Oral contraception, hormone replacement 

therapy 
Preganacy and puerperium 
Senmdary hyperhomocysteinemia 
Antiphospholipid syndrome 
Congestive heart failure 
Myeloproliferative disorders 
Nephrotic syndrome 
Inflammatory bowel disease 
Sickle cell anemia 
Marked leukocytosis in acute leukemia 

VTE, venous thromboembolic disease. 

VTE than the nonpregnant state. PE is a 
leading cause of maternal death after child
birth, with one fatal PE per 100,000 
births.9,10 Oral contraceptives and hormone 
replacement therapy affect women at the 
spectrum of ages. Lidegaard and colleagues 1 1  

reported a prevalence of VTE in women 
receiving oral contraceptives of one to three 
in 10,000. Women receiving hormone 
replacement therapy have a 2- to 4-fold 
increased risk of VTE. Antiphospholipid anti
body syndrome refers to the presence of 
either the lupus anticoagulant antibody or 
anticardiolipin antibodies. Overall, the syn
drome can be identified in 1 % to 5% of the 
population. Among those with positive 
titers for the lupus anticoagulant, the risk of 
developing VTE is 6% to 8%. Patients with 
anticardiolipin antibody titers greater than 
the 95th percentile have a 5 .3-fold increased 
risk of developing VTE. 12 

ANTICOAGULATION AND 
THROMBOLYIS IN THE 
MANAGEMENT OF VENOUS 
THROMBOEMBOLIC DISEASE 

Heparin anticoagulation is standard for 
initial management of VTE. Heparin poten
tiates the action of antithrombin III, thereby 
preventing additional thrombus formation 
and permitting endogenous fibrinolYSiS. 
In the absence of contraindication to anti
coagulation, prompt institution of heparin 
therapy is indicated for patients with either 
confirmed VTE (through imaging tech
niques) or among patients in whom a 
moderate or high clinical suspicion of 
VTE exists. Either unfractionated or low
molecular-weight heparin is effective. Oral 
warfarin therapy is instituted once thera
peutic heparin anticoagulation has been 
achieved. Warfarin dosing is guided by 
measuring the International Normalized 
Ratio (INR), a reflection of the inhibition of 
vitamin K-dependent cofactors. While the 
target INR will vary, depending on the clin
ical circumstance, it is important to under
stand that early elevations in the INR (1-3 
days after institution of warfarin therapy) 
usually result from inhibition of factor VII 
because of its short half-life. However, 
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CHAPTER 21 The Role of Ultrasound in the Management of Extremity Venous Disease 1 40�1 
effective anticoagulation depends on the 
depletion of factor II (thrombin), typically 
requiring about 5 days of warfarin therapy. 
Therefore, at least 5 days of heparin therapy 
is recommended13 until an adequate and 
stable INR is achieved. Therapy with oral 
warfarin in the absence of heparin antico
agulation should be avoided, as days will 
pass before anticoagulation is adequate, 
leaving the patient unprotected against PE; 
moreover, warfarin therapy in the absence 
of heparin anticoagulation may paradoxi
cally intensify hypercoagulability and pre
dispose to recurrent VTE. 

The necessary duration for anticoagula
tion varies with the clinical scenario. In 
general, for initial cases of uncompli
cated DVT, 3 months of anticoagulation is 
recommended. PE, inherited and acquired 
procoagulant states, and cases of recurrent 
VTE usually require longer anticoagula
tion therapy. In some cases of recurrent 
VTE, lifelong anticoagulation is often rec
ommended. 

Thrombolysis is not commonly used 
among patients with VTE, but there are 
situations in which it should be considered. 
Thrombolysis can be lifesaving for pa
tients in whom massive PE causes hemo
dynamic instability, but this situation is 
rare. More commonly, thrombolysis may 
be useful for patients with extensive ilio
femoral venous thrombosis, where the risk 
of development of the post-thrombotic 
syndrome is high. The results of randomized 
trials suggest that the prevalence and sever
ity of the post-thrombotic syndrome is 
decreased if complete thrombolysis is 
achieved.13 However, the substantial pro
portion of patients with contraindications 
to thrombolysis and the associated increase 
in major bleeding severely limit the use of 
thrombolytic therapy. 

ACUTE DEEP VENOUS 
THROMBOSIS OF SPECIFIC 
EXTREMITY VEINS 

Calf Vein Thrombosis 

Most lower extremity DVTs become estab
lished in the deep veins of the calf/4,15  

although acute DVT can originate anywhere 
in the venous system. The soleal sinuses 
are thought to be the most common site 
of origin of calf DVT, I6 which may progress 
into the popliteal and femoral veins. Once 
the popliteal or femoral vein contains 
thrombus, therapeutic anticoagulation or 
caval interruption is necessary to prevent 
PE. However, the clinical importance of iso
lated calf DVT remains uncertain. Abundant 
literature has been published, but much of 
it is contradictory. Therefore, it is not sur
prising that there is no consensus over the 
prevalence of isolated calf DVT, the propen
sity for it to progress, the risk of its causing 
PE, and the likelihood of its causing post
thrombotic syndrome. 

The prevalence of isolated calf DVT in 
specific patient groups is difficult to estab
lish, because many studies include mixed 
patient populations and a variety of diag
nostic techniques. Nevertheless, in a review 
of 20 studies, Philbrick and Beckerl7 re
ported a 49% prevalence of symptomatic 
isolated calf DVT in medical and surgical 
patients. Several other authors have corrob
orated this figure, albeit in mixed popula
tions of medical and surgical . patients. 
A 1996 study by Atri and colleagueslS 
attempted to better separate patient popu
lations by examining an asymptomatic 
postoperative high-risk group and a symp
tomatic ambulatory group. In the asymp
tomatic postoperative group, 20% of 
patients were found to have isolated calf 
DVT; in the symptomatic ambulatory 
group, there was a 30% prevalence. These 
studies indicate that although it is difficult 
to establish precisely, isolated calf DVT is 
not uncommon. 

Since most DVTs arise in calf veins, calf 
DVT can obviously propagate to the pop
liteal vein and more proximally. More im
portant, do all calf DVTs propagate, and 
can those that do so be identified? The 
reported frequency of calf DVT propagation 
varies markedly. In postoperative patients, 
the reported rate of propagation varies from 
6% to 34%.17,19-23 Unfortunately, it is not 
possible to identify those thrombi that are 
likely to propagate. 

In symptomatic ambulatory patients, the 
chances of propagation are even less certain. 
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Equally unclear, but probably of more 
importance, is the risk of PE originating 
from isolated calf thrombi in which no 
propagation into the popliteal vein has 
occurred. Some authors24-26 argue that few, 
if any, significant pulmonary emboli arise 
from isolated calf DVT and that anticoagu
lation is unnecessary in the absence of 
demonstrable propagation. Other investiga
tors are less sanguine. They reported that 
patients with PE have calf-only thrombi 
about 5% of the time.27,28 Furthermore, 
others have reported that approximately 
15% of fatal pulmonary emboli originated 
from isolated calf thromboses . 1 6,29 These 
series must be interpreted with caution, 
because it can be difficult to be certain that 
PE did not originate from a more proximal 
source, with embolization of the entire 
thrombus, rendering the previously throm
bosed segment normal in appearance on 
imaging studies. 

In light of the variation in observed rates 
of proximal propagation and PE, it is not 
surprising that there is no general agree
ment on the management of isolated calf 
DVT. Lohr and associates23 cited a high risk 
of propagation (32%) in their conclusion 
that all patients with calf DVT should be 
treated with anticoagulation. Others have 
suggested treating only those patients with 
symptomatic calf vein thrombi (who appear 
to have a greater risk of embolism), those 
that demonstrate proximal propagation, or 
those who in follow-up are found to have 
developed clinically apparent PE.3D No well
controlled, prospective, randomized trial of 
treatment of patients with isolated calf DVT 
has been published; therefore, the risks and 
benefits of the various approaches are not 
established. 

. 

Currently, two approaches in the treat
ment of patients with isolated calf DVT 
seem reasonable. In the first, the patient 
should be maintained on therapeutic 
anticoagulation for 6 weeks. In the second, 
surveillance duplex sonography should 
be continued for 7 to 10 days (or longer 
in an immobilized patient), with institu
tion of therapeutic anticoagulation if pro
pagation to veins proximal to the calf is 
documented. 

Femoropopliteal Vein 
Thrombosis 

Deep venous thrombosis proximal to the 
calf is a more serious clinical problem than 
isolated calf DVT. The risk of PE is greater, 
thus mandating therapeutic anticoagula
tion. For patients in whom anticoagulation 
is contraindicated, caval filter placement or 
caval interruption is necessary. The clinical 
presentation of DVT may change apprecia
bly as thrombus propagates more proxi
mally. When the superficial femoral vein 
is involved, the calf is usually painful. 
Swelling and warmth are typically evident 
on physical examination. When thrombus 
extends into the common femoral or iliac 
vein, the patient perceives a deep leg dis
comfort and tightness. Swelling may be 
present up to the inguinal ligament, and 
there may be tenderness over the deep 
veins, particularly in the inguinal region. 

Duplex sonography is now accepted as 
the initial diagnostic test of choice in 
patients suspected of having femoro
popliteal DVT. Duplex sonography easily 
permits visualization of complete throm
botic occlusion, allowing accurate thrombus 
localization. Additionally, nonocclusive 
thrombi and free-floating thrombi that are 
loosely attached to the vein wall and may 
have a greater potential for embolizationll 
can also be identified. Some clinicians also 
use duplex sonography to follow the pro
gression of a thrombus in the vein as 
an indicator of the effectiveness of anti
coagulation therapy. Duplex sonography is 
also a useful technique to determine both 
the relative age of the thrombus (acute vs. 
chronic) and the degree of spontaneous 
lysis, information that may provide clinical 
guidance with respect to suspected recur
rence of DVT, the adequacy of anticoagula
tion, and the length of time anticoagulation 
is maintained. 

Iliac Vein Thrombosis 

The clinical presentation and therapeutic 
implications of iliac vein thrombosis are 
generally similar to those of femoro-
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CHAPTER 21 The Role of Ultrasound in the Management of Extremity Venous Disease \�OJ 
popliteal vein thrombosis, and the diagnos
tic approach is identical. The difference in 
the diagnostic approach is the inability of 
duplex sonography to directly image many 
iliac thrombi that lie deep within the pelviS. 
If iliac vein thrombi are visualized, the 
diagnosis of DVT is established. However, 
despite a convincing clinical scenario, the 
only evidence of proximal DVT may come 
from the Doppler interrogation rather than 
the B-mode image. Indirect Doppler evi
dence of proximal thrombosis includes the 
loss of respiratory phasicity of the signal 
and the inability to augment the signal 
with distal thigh compression, but these 
signs may be absent with nonocclusive 
thFOmbi. Nonocc1usive thrombi, or thrombi 
isolated to the hypogastric vein, are likely 
to be missed by duplex sonography. There
fore, when the clinical scenario is com
pelling, further evaluation of the deep 
venous system is indicated, usually with 
venography. 

EXTREMITY VEIN DUPLEX 
SCANNING TO DIAGNOSE 
PULMONARY EMBOLISM 

Because duplex ultrasound has become the 
diagnostic test of choice in DVT evaluation 
and because the majority of PEs originate in 
lower extremity veins, some clinicians now 
utilize lower extremity duplex ultrasound as 
the first diagnostic study in the evaluation 
of possible PE. This approach is based on the 
noninvasive nature of the study, the porta
bility of the machine, and the rapidity with 
which results may be obtained in institu
tions where technical support is readily 
available. The merit to this approach is sup
ported when the diagnosis of extremity 
DVT is confirmed, as the diagnosiS of PE 
may then be safely assumed in the appro
priate clinical setting. 

There are potential drawbacks to this 
insensitive but specific approach to the 
diagnosis of PE. Several investigators have 
addressed these issues, examining both the 
yield of positive results in those cases in 
which lower extremity duplex sonography 
has been used as a screening test for patients 

with suspected PE and the frequency of 
detection of DVT in those patients known 
to have suffered PE. 

Beecham and colleagues3J reviewed 225 
patients wl!o . underwent both ventilation 
perfusion (V/Q) scans and lower extremity 
duplex sonography in the evaluation of 
suspected PE: 9f 56 patients with high
probability V/Q scans, only 36% dem
onstrated duplex evidence of I?Vr Fur
thermore, of 22 patients whose V/Q scans 
were indeterminate or low probability and 
who had no evidence of DVT by duplex 
scanning, 25% were found to have suffered 
PE detected by angiography. 

Similarly, in a study by Glover and 
Bendick,32 the authors reviewed the charts 
of 978 patients who were studied by duplex 
sonography to "rule out PE. " In a subgroup 
of 38 patients with acute unilateral leg 
swelling, acute femoropopliteal DVT was 
diagnosed in 68%. A second subgroup of 
patients included those with minimal leg 
symptoms who had significant risk factors 
for DVT. In this group, 1 6% of patients 
were found to have acute femoropopliteal 
or tibial DVT. In contrast, acute femoro
popliteal DVT was not detected in the 
remaining 433 patients who had no risk 
factors or acute unilateral leg swelling. 
Three patients were found to have tibial 
DVT. Similar to the previous repqrt? cited, 
in patients with high-probability V/Q scans 
but no risk factors for DVT or lower extrem
ity symptoms, no DVT was detected in more 
than 60% of patients, again underscoring 
the inability of the lower extremity venous 
duplex examination to rule out PE. 
Killewich and coworkers33 similarly docu
mented the absence of duplex-diagnosed 
DVT in 60% of patients with PE confirmed 
by pulmonary angiography. 

Like Glover and Bendick,32 Eze and as so
ciates34 demonstrated the usefulness of 
stratifying patients with suspected PE based 
on unilateral leg symptoms. In their series 
of 336 patients with clinically suspected PE, 
7% demonstrated proximal DVT by duplex 
sonography. However, in the 25 patients 
with unilateral leg swelling, 40% were 
found to have DVT by duplex scanning, 
whereas DVT was evident in only 5% of 
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patients in the absence of leg swelling. This 
group further confirmed. tl!at most patients 
with high-probability V/Q scans had no 
DVT visualized by duplex sonography. 

Finally, in a study by Matteson and col
leagues,35 664 patients who underwent 
venous duplex examination for the diagno
sis of "rule out PE" were reviewed. For all 
lower extremity duplex examinations, 13% 
of studies were positive. Although no 
attempt was made to stratify patients by leg 
symptoms or risk factors, this study re
affirmed the overall low yield of venous 
duplex examination in the evaluation 
of PE and the finding that the majority of 
patients with confirmed PE do not de
monstrate DVT. 

In summary, it appears that the lower 
extremity venous duplex examination is 
an appropriate primary diagnostic study 
in the patient who is suspected of having 
suffered PE and has unilateral lower ex
tremity swelling. In the ab�et:lce of leg 
swelling, CT angiography or V/Q scanning 
is the first test of choice. Furthermore, if the 
venous dupl�x .study is negative after a non
diagnostic V/Q scan, CT or pulmonary 
angiography must be pursued if clinical 
suspicion warrants further investigation, 
because no DVT is demonstrated in more 
than one half of the patients who have 
suffered PE. 

SUPERFICIAL VENOUS 
THROMBOSIS 

Superficial venous thrombosis has tradi
tionally been considered a relatively benign 
disease. It is important, however, as a 
marker of coexistent DVT and hypercoagu
lability. The diagnosis of superficial venous 
thrombosis is typically made clinically. 
Physical findings include a painful superfi
cial cord with surrounding erythema in the 
course of the vein. Treatment of patients 
with nonsuppurative superficial venous 
thrombosis is symptomatic and includes 
ambulation, heat application, compression, 
and nonsteroidal anti-inflammatory drug 
therapy. 

Duplex evaluation of superficial venous 
thrombosis, especially occurring in the 

greater saphenous vein, is important for 
two reasons. First, although the clinical 
examination is useful in establishing the 
diagnosis, it is not reliable in identifying 
the extent of the thrombus. Particularly 
in the proximal thigh, thrombus often 
extends beyond the apparent area of 
involvement.36,37 Duplex sonography docu
ments the proximal extent and can be 
used to monitor progreSSion. Although data 
are limited, it appears that a small pro
portion (approximately 10%) of patients 
with isolated superficial venous thrombosis 
of the greater saphenous vein progress to 
DVT if untreated. Of that group, those 
with superficial venous thrombosis in the 
thigh are at highest risk, with 70% of 
untreated patients progressing to throm
bosis of the femoral vein. Most clinicians 
either disconnect the saphenofemoral 
junction surgically or institute systemic 
anticoagulation if proximal saphenous 
thrombosis progresses to the sapheno
femoral junction. 

Duplex sonography of extremities with 
superficial venous thrombosis is also useful 
to identify concomitant but clinically 
silent DVT. Some series have demonstrated 
the presence of unapparent DVT in 20% to 
40% of patients with superficial venous 
thrombosis.38-4o Treatment is directed at 
DVT and superficial thrombophlebitis. 
Many of these patients are hypercoagulable, 
and the appropriate evaluation should be 
performed, 

Occasionally, an apparent superficial 
phlebitis is, in fact, a soft tissue infection 
or hematoma. These conditions can easily 
be distinguished from superficial ven
ous thrombosis with duplex scanning but 
may be more difficult to differentiate 
clinically. 

AXILLOSUBCLAVIAN VENOUS 
THROMBOSIS 

Deep venous thrombosis of the upper 
extremities can be broadly divided into two 
categories: those caused by central venous 
catheters and those associated with other 
causes. Overall, axillosubclavian DVT is 
increaSingly common, resulting from the 
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increased use of central venous catheters.41 
In the absence of central catheters, axillo
subclavian DVT may be seen among 
patients affected by certain cancers (espe
cially mediastinal lymphomas), trauma, 
surgery, and radiation therapy. However, 
spontaneous effort thrombosis, also known 
as the Paget-Schroetter syndrome, is the 
most common presentation of axillosubcla
vian DVT in the ambulatory population. 
This condition may be associated with 
demonstrable anatomic abnormalities of 
the thoracic inlet (e.g., cervical rib) . Men 
are affected more often than women, and 
the incidence is higher in the veins of the 
dominant arm. Presentation of upper 
extremity DVT can be dramatic. Marked 
arm swelling and prominent superficial 
veins leave little doubt of the diagnosis, 
and the role of duplex sonography is pri
marily confirmatory. Sometimes the pre
sentation is more subtle. The patient may 
complain of vague discomfort, with 
minimal swelling; in these cases, duplex 
sonography is an effective screening test to 
document the status of the deep venous 
system. Unlike the lower extremities, the 
proximal upper extremities are drained by a 
rich collateral venous network around the 
neck and shoulder, making the indirect 
evaluation of venous flow by plethys
mography even less reliable than in the 
lower extremities and further emphasiz
ing the value of duplex sonography for 
upper extremity DVT. Duplex ultrasound 
is, however, limited by the bony struc
tures in the neck and shoulder, impeding 
imaging of the proximal subclavian vein. 
Flow characteristics of the proximal sub
clavian and innominate veins may offer 
indirect evidence of vein patency, but at 
this level, direct visualization and manual 
compression of the veins is not possible. 
As in the pelvis, if proximal subclavian 
DVT is suspected, venography should be 
performed. 

initial treatment of axillosubclavian 
thrombosis follows standard guidelines for 
VTE. If there is no obvious underlying 
cause, a thrombophilia work-up, including 
antithrombin III, Factor V Leiden, antiphos
pholipid antibodies, and protein C and 
S levels, should be performed. Prompt 

heparin anticoagulation is undertaken to 
protect from pulmonary emboli, reported 
to occur in up to 36% of patients.42 For 
thromboses caused by catheters, anti
coagulation, along with removal of the 
catheter, if possible, appears to be sufficient. 
However, anticoagulation alone among 
young, healthy patients may lead to an 
unacceptably high rate of post-thrombotic 
disability, caused by incomplete recannali
zation of the axillosubclavian system. 
Increased arterial flow with use of the arm 
can lead to venous hypertension from 
outflow obstruction. In the most severe 
cases, venous claudication, a bursting sen
sation in the arm, may develop, leading 
to significant disability. For this reason, 
many surgeons advocate local thromboly
sis. Follow-up venography demonstrates 
residual extrinsic or intrinsic lesions that 
may be present, predisposing to throm
bosis. The most common extrinsic cause of 
axilosubclavian thrombosis is compression 
of the vein between the clavicle and the 
first rib. Additional causes of extrinsic com
pression include hypertrophic scalene or 
subclavius muscles, the costoclavicular liga
ment, or the head of the clavicle. Congeni
tal or acquired intrinsic venous lesions also 
may cause venous stenosis, leading to 
thrombosis. Extrinsic causes are usually 
treated by thoracic inlet decompression, 
typically including first rib resection and 
resection of the anterior scalene muscle. 
After thoracic inlet decompression, intrinsic 
venous lesions can be treated, either con
currently, with open surgical reconstruc
tion, or through endovascular techniques 
performed 1 to 2 days postoperatively. The 
timing of decompression after thrombolysis 
varies with the surgeon's preference. Some 
prefer to wait 1 to 3 months after lysis while 
anticoagulating the patient to reduce 
thrombogenesis of the local venous endo
thelium. Others advocate decompression 1 
to 2 days after lysis to minimize the pro
bability of rethrombosis. Conclusive data 
are absent; therefore, no firm conclusion 
can be drawn. Nevertheless, utilizing this 
general approach, Machleder43 reported 
reduced upper extremity disability from 
60% to 12%, compared with anticoagula
tion alone. 
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SEQUELLAE OF DEEP 
VENOUS THROMBOSIS 

The sequellae of DVT result from proximal 
chronic venous obstruction, acquired in
competence of the valves of the deep ve
nous system following recannalization, or 
both. In most patients who have suffered 
from DVT, the thrombosed vein recannal
izes over a period of months, allowing ad
equate restoration of flow to the central 
circulation. Despite recannalization, the 
vein wall and valves are permanently 
damaged in at least 60% of cases,44 leaving 
the valve leaflets immobile and fixed to the 
vein wall. Incompetence of the system 
results, and reflux occurs when the standing 
pOSition is assumed. In some individuals, 
the thrombosed veins do not recannalize, 
resulting in chronic obstruction to venous 
return. Regardless of whether the cause 
is proximal obstruction, reflux, or both, 
venous hypertension occurs. The venous 
hypertension presents clinically as chronic 
leg swelling, ankle pigmentation, and, ulti
mately, ankle ulceration in the 1/ gaiter 
zone," just above the ankle. Collectively, 
this is known as the post-thrombotic syn
drome (Fig. 21-1). 

The pathophysiology underlying the 
swelling and discoloration is straight
forward. Increased hydrostatic pressure 
in the deep venous system causes extra
vasation of protein-rich tissue fluid, pre
senting clinically as interstitial edema. If  
venous hypertension persists, acquired 
incompetence of the valves of the perforat
ing veins results in secondary varicose veins 
(Fig. 21-2). Red blood cells extravasate and 
are deposited in the subcutaneous tissue 
surrounding the perforators. Metabolic 
breakdown of the hemoglobin is responsi
ble for the characteristic brawny pigmen
tation of the postphlebitic syndrome. 
Eventually, ulceration can develop, either 
spontaneously or as the result of minor 
trauma. Although the pathophysiology of 
the ulceration is not clear, it appears to be 
related to an inflammatory reaction in the 
tissue, fibrin cuffing, and eventual lipoder
matosclerosis. Whatever the cause, ulcera
tion is undoubtedly related to perSistent 
venous hypertension. 

FIGURE 21-1 . The gaiter zone is located in the lower calf 
and ankle. In this region, the ambulatory superficial 
venous pressures are the highest, leading to edema, 
pigmentation, and ultimately, ulceration. The skin, 
after years of edema, is difficult to examine for incom
petent perforators (both clinically and with duplex 
sonography) because of extensive fibrosis. 

Duplex ultrasound of the post
thrombotic extremity is useful for both 
diagnOSis and therapy. First, indirect con
firmation of the diagnosis of venous 
hypertension can be made with duplex 
ultrasound by direct observation of deep 
vein valve incompetence or documentation 
of chronic deep vein obstruction. The per
forating veins and the superficial venous 
system can be similarly assessed. This infor
mation assists in planning therapy; for 
example, if the deep venous system is 
widely incompetent, valve repair or trans
plantation may be required. However, if the 
deep venous system is competent, perfora
tor interruption or stripping of the super
ficial venous system may suffice. 
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A B c 
FIGURE 21 -2. With incompetent deep veins and perfo
rating veins, venous hypertension below the fascia 
of the leg is transmitted to the superficial system. 
A, Normal. B, Greater saphenous incompetence. 
C, Deep and perforator vein incompetence. 

VARICOSE VEINS 

Primary varicose veins are abnormally 
dilated and tortuous components of the 
superficial venous system, in the absence of 
coexisting deep venous disease. Varicose veins 
are classified as secondary when they are 
associated with obstruction or incompe
tence of the deep venous system and recur
rent if they reappear after ablation. For most 
patients, the medical history and physical 
examination provide sufficient information 

FIGURE 21 -3. Varicose veins in 
the calf may be isolated to the 
superficial calf veins, or they may 
be associated with incompetence 
of the entire saphenous vein (A).  
Physical examination (B and C) 
and duplex sonography can de
termine the extent of superficial 
venous involvement. 

A 

to distinguish between primary and sec
ondary varicose veins. In the patient with 
primary varicose veins, a history of DVT is 
rare. Physical signs of the post-thrombotic 
syndrome, such as brawny edema in the 
gaiter zone and venous stasis ulcers, are 
uncommon. However, in the occasional 
patient, it can be difficult to rule out 
involvement of the deep venous system by 
the medical history and physical examina
tion. In this instance, duplex sonography 
can be especially helpful. Exclusion of 
pathology of the deep venous system con
firms the diagnosis of primary varicose 
veins and predicts a high likelihood of cure 
with complete excision of the varicosities. 

When ablative treatment of varicose veins 
is planned, careful assessment of the greater 
saphenous vein is critical. If the saphenous 
vein is competent, treatment can be con
fined to the clinically evident varicosities. 
Conversely, if greater saphenous incompe
tence is found, the vein should be ablated 
to reduce the probability of recurrence, even 
if it is not clinically apparent that it is vari
cose. Specific attention must be paid to the 
saphenofemoral junction. Valvular incom
petence at the saphenofemoral junction 
occurs in most cases of primary varicose 
veins. Nevertheless, the varicosities may be 
clinically apparent in only the calf or distal 
thigh (Fig. 21-3) .  If the saphenofemoral 
valve is incompetent, the saphenous vein 
must be ligated flush at the saphenofemoral 
junction, and the proximal vein must be 
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ablated. Failure to do so increases the likeli
hood of recurrence. 

Perforator incompetence may also cause 
or accompany varicose veins in the absence 
of deep venous incompetence. Occasion
ally, an incompetent perforator causes 
primary varicose veins, even though the 
deep venous system is intact. Ligation of 
the incompetent perforator and ablation of 
the varicosities are the key to successful 
management of the problem. Incompetent 
perforator veins are easily localized with 
duplex sonography. 

Recurrence of primary varicose veins is 
caused either by inadequate initial treat
ment or by development of new primary 
varicose veins. Initial treatment unwittingly 
directed at secondary varicose veins uni
formly results in recurrence. The most easily 
identified and managed cause of recurrent 
primary varicose veins is inadequate high 
ligation of the greater saphenous vein at the 
saphenofemoral junction when an incom
petent valve is present at that level (Fig. 
21-4) . Failure to ligate the greater saphe
nous vein flush with the common femoral 

LSV 

FIGURE 21-4. The greater (long) saphenous vein (LSV) 
enters the femoral vein through the fossa ovalis. There 
are several large superficial branches that enter the 
saphenous vein at the saphenous bulb. These veins, as 
well as the greater saphenous vein, must be ligated to 
prevent recurrence of varicose veins. 

vein preserves the incompetent valve, 
allowing reflux into the subcutaneous 
branches at the saphenous bulb. This con
dition may be identified, either by physical 
examination or by duplex scanning, as 
a cluster of veins in the inguinal region. 
When incompetence and reflux are 
identified in these veins, flush ligation is 
curative. 

A variety of other causes of recurrent 
primary varicosities are known, including 
incomplete ligation of incompetent perfo
rators, a duplicated saphenous system, and 
failure to differentiate greater from lesser 
saphenous vein incompetence. As usual, 
careful physical examination, comple
mented with duplex sonography, deter
mines the cause of recurrent varicosities. 
The importance of evaluation of the deep 
venous system cannot be overstated, 
because secondary varicose veins, resulting 
from deep venous incompetence, are a 
common cause of recurrence. 

MAPPING FOR BYPASS SURGERY 

Evaluation of the presence, location, and 
adequacy of a proposed bypass conduit 
prior to harvest for bypass surgery is often 
helpful. This is accurately done with duplex 
sonography. In the obese patient, for 
example, the course of the vein may be 
hidden by subcutaneous tissue. Duplex 
scanning can confirm the patency and 
location of the veins, avoiding the undesir
able consequence of raising large skin flaps. 
Similarly, in the patient who has suffered 
previous saphenous vein thrombosis, 
duplex scanning can identify chronic occlu
sion or valvular insufficiency, conditions 
that obviate vein use as a bypass graft. In 
those patients who have undergone venous 
surgery or prior vein harvesting, the greater 
saphenous vein may be absent. A diligent 
search using the duplex scanner can facili
tate identification of alternative bypass 
conduits for the planned procedure. In our 
experience, the greater and lesser saphe
nous, superficial femoral, cephalic, and 
basilic veins are all potentially useful as 
bypass conduits and are easily evaluated 
and mapped with duplex sonography. 
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Chapter 
22 

Extremity Venous Anatomy, 
Terminology, and Ultrasound 

Features of Normal Veins 

This chapter presents venous anatomy, ter
minology used in venous diagnosis, and 
ultrasound features of normal veins. One 
cannot reasonably examine any part of the 
body without knowledge of anatomy1-4; 
hence, that is where this chapter begins. 

EXTREMITY VENOUS ANATOMY 

In this text, the terms proximal and distal are 
defined in relation to the heart, in confor
mance with standard anatomic practice. 
Structures that are closer to the heart are 
described as proximal, and those that are 
farther away are described as distal. 

In both the upper and lower extremities, 
the deep veins are accompanied by arteries 
and in many areas are paired. In contrast, 
arteries do not accompany the superficial 
veins. Both the superficial and deep veins 
are often of clinical importance in the upper 
extremities; therefore, the examination of 
both systems is necessary. In contrast, the 
deep system is the major area of clinical 
concern in the lower extremity, and exami
nation of the superficial system frequently 
is unnecessary, except for the proximal 
greater saphenous vein at its junction with 
the deep system. 

Deep Upper Extremity Veins 

The radial, ulnar, brachial axillary, and sub
clavian veins comprise the deep venous 
system of the upper extremity. It is custom-

ary in describing venous anatomy to begin 
distally and proceed proximally, following 
the course of the flowing blood, so we begin 
at the wrist and move proximally to the 
superior vena cava. 

The deep veins of the forearm are the 
radial and ulnar veins, which are paired and 
accompany the arteries of the same name 
(Fig. 22-1).  Although these veins are small, 
they are readily detected sonographically 
because their companion arteries are easily 
identified. 

Just below the elbow, the paired radial 
veins merge, forming a radial trunk, and the 
ulnar veins merge in a like manner. These 
trunks may extend directly into the arm, 
forming the paired brachial veins, or the 
trunks may unite, forming a common vein 

FIGURE 22-1 . The deep veins of the upper extremity. 
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that almost immediately splits again into 
the paired brachial veins, as shown in Figure 
22-1.  In any event, the brachial portion 
almost always consists of a pair of veins, one 
lying on each side of the brachial artery. 
These unite proximally, forming a common 
trunk that continues into the axilla as the 
axillary vein. The point of transition from 
brachial to axillary vein is at the lower 
border of the teres major muscle, but this 
landmark is not readily detectable sono
graphically. The axillary vein continues 
proximally, becoming the subclavian vein 
at the upper border of the first rib (Fig. 
22-2) . Again, this point of transition is dif
ficult to identify sonographically. The axil
lary and subclavian veins usually are single 
structures but, uncommonly, are paired. 
When single, these veins normally are 
slightly larger than the adjacent arteries, but 
the veins may be substantially larger than 
the arteries if distended by venous conges
tion or breath-holding. 

Proximally, the subclavian vein joins the 
internal jugular vein to form the brachio
cephalic vein (see Fig. 22-2) . The right and 
left brachiocephalic veins subsequently join 
in the upper portion of the mediastinum, 
forming the superior vena cava. The bra
chiocephalic veins usually cannot be imaged 
sonographically because they are obscured 
by the sternum. Likewise, the superior vena 
cava usually is obscured by the sternum, the 
ribs, and the air-filled lungs. Because the 
patency of these veins cannot be confirmed 

.--+ Axillary v, 

Brachial v, 

FIGURE 22-2. The subclavian vein and its tributaries, 

by direct examination, indirect verification 
of patency is necessary with Doppler sonog
raphy through the detection of pulsatility 
and respiration-induced flow variation in 
the subclavian vein. 

Superficial Upper 
Extremity Veins 

The cephalic and basilic veins (Fig. 22-3) 
and their tributaries constitute the major 
superficial veins of the upper extremity. The 
cephalic vein arises from the lateral portion 
of the dorsal venous arch of the hand and 
extends in a subcutaneous location more 
or less along the lateral aspect of the fore
arm. At the elbow, it connects with an im
portant branch, called the median cubital 
vein, which crosses the antecubital fossa 
obliquely. The cephalic vein continues 
along the lateral aspect of the arm in a sub
cutaneous location and then courses over 
the lateral aspect of the deltoid muscle at 
the shoulder. Finally, it dives between the 
upper end of the deltoid and the clavicular 
portion of the pectoralis muscles to join the 
subclavian vein. 

The basilic vein begins at the dorsal 
venous arch of the hand and then courses 
in a subcutaneous location along the medial 

FIGURE 22-3. The superficial veins of the upper 
extremity. 
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aspect of the forearm to the elbow, where it 
crosses the medial side of the anticubital 
fossa. In the arm, it continues cephalad 
along the medial border of the biceps 
muscle and then joins the axillary vein at 
the lower border of the teres major muscle. 

Deep Lower Extremity Veins 

As noted previously, most of the venous 
return from the lower extremities is chan
neled through the deep system. This system 
communicates with the superficial veins by 
means of perforating veins, so named 
because they perforate the musculature that 
separates the deep and superficial venous 
system. In normally functioning perforating 
veins, valves maintain flow in one direc
tion, from superficial to deep. Flow in the 
opposite direction is always abnormal. Per
forating veins are most numerous below the 
knee and are of clinical importance if 
incompetent, permitting blood to flow from 
the deep to the superficial system. Perfora
tor incompetence may be associated with 
superficial varicosities, as well as discol
oration, thickening, and ulceration of the 
skin. 

The deep veins of the lower extremity 
are the anterior tibial, posterior tibial, and 
peroneal veins in the calf; the superficial 
femoral, deep femoral, and common 
femoral veins in the thigh; and the external 
and common iliac veins in the pelviS. Please 
note that the superficial femoral vein is, in 
fact, part of the deep venous system. This 
nomenclature is occasionally a pOint of 
confusion. 

Calf and Popliteal Veins 

The anterior tibial, posterior tibial, and per
oneal veins (Fig. 22-4) drain the calf. In 
each case, these are paired veins that accom
pany an artery of the same name. Proxi
mally, the two posterior tibial veins unite, 
forming a short posterior tibial trunk, and 
the peroneal pair likewise forms a short 
trunk. The trunks subsequently unite in the 
popliteal fossa to form the popliteal vein. 
There are many variations in the union of 

----+- Popliteal v. 

Anterior 
tibial v. -t---...., 

Posterior 
tibial system 

I�I-I-f-- Peroneal system 

FIGURE 22-4. The popliteal vein and the calf veins. 

the posterior tibial and peroneal veins, as 
discussed later. 

The paired anterior tibial veins often 
join the popliteal vein independently. Alter
nately, they alSo may form a short trunk, as 
shown in Figure 22-4, before joining the 
popliteal vein. In either case, the anterior 
tibial veins have a unique anatomic config
uration, in that they extend from lateral to 
medial, behind the proximal tibia, to join 
the popliteal vein. 

Muscular veins often are visible in the calf. 
As the name' implies, these veins drain the 
calf musculature and may be qUite large. The 
most noteworthy are the gastrocnemius and 
soleal veins, which are illustrated in Figure 
22-5 . The gastrocnemius veins are seen in 
the medial head of the gastrocnemius 
muscle and drain into either the popliteal 
vein or the posterior tibial system. The gas
trocnemius veins are sites for isolated, symp
tomatic venous thrombosis.5,6 The soleal 
veins (or sinuses) are embedded in the soleus 
muscle, which is centrally located, posterior 
to the tibia. These veins, which may be a 
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centimeter or more in diameter, drain into 
the posterior tibial or peroneal system. The 
soleal veins are quite important, as they are 
thought to be common sites for origin of 
venous thrombosis in the calf and may be a 
site of isolated venous thrombosis.s,6 

The popliteal vein (see Fig. 22-4) is formed 
by the junction of the posterior tibial and 
peroneal veins, either in the proximal calf or 
the inferior aspect of the popliteal fossa. This 
vein extends longitudinally through the 
popliteal fossa and then deviates medially 
through a tunnel in the adductor muscula
ture called the adductor canal. The popliteal 
vein lies immediately posterior to the 
popliteal artery; hence, as viewed from the 
popliteal fossa, it is superficial to the artery. 
Approximately 25% of popliteal veins are 
duplicated (or bifid) .2 Usually, this results 
from continuation of the posterior tibial and 
peroneal trunks high into the popliteal fossa 
before they unite. 

FIGURE 22-5. The gastrocnemius (G) and 
soleal (S) veins are shown on anteroposterior 
(left) and lateral (right) contrast venography 
images. 

Femoral Venous System 

At the proximal end of the adductor canal, 
the popliteal vein becomes the superficial 
femoral vein, which continues through the 
thigh as the primary route of venous 
drainage. The "superficial" name derives 
from its location. As it is not covered by 
muscle tissue, it is quite superficial, except 
in obese individuals. The superficial femoral 
vein is bifid in approximately 25% of indi-

. viduals.2 As seen sonographically, from the 
anteromedial thigh, the superficial femoral 
vein lies deep to the adjacent superficial 
femoral artery. 

In the upper thigh, the superficial fem
oral vein is joined by the deep femoral 
vein (also called the profunda femoris 
vein), forming the common femoral vein 
(Fig. 22-6). The greater saphenous vein, 
which is part of the superficial venous 
system, joins the anteromedial aspect of the 
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IJI---- External iliac v. 

W"I.....--- Long saphenous v. 

1IIi---- Common femoral v. 

'iIt-----fl<,.- Deep femoral v. 

Ii----j-- Superficial femoral v. 

I�-,I---- Popliteal v. 

FIGURE 22-6. The femoral venous system. 

common femoral vein. Care should be 
taken not to mistake this vein for the deep 
femoral vein. 

Iliac Veins 

After crossing the inguinal ligament, the 
common femoral vein becomes the external 
iliac vein, which dives posteriorly into the 
"bowl" of the pelvis. At the approximate 
level of the sacroiliac jOints, the external 
iliac vein, draining the leg, is joined by the 
internal iliac vein, draining the pelvis and 
gluteal area, forming the common femoral 
vein. The latter climbs cephalad out of the 
pelvis for about 5 cm, where it joins the ipsi
lateral common iliac vein (at the L5 level) 
to form the inferior vena cava. The major 
tributaries of the inferior vena cava are 
shown in Figure 22-7. 

Superficial Lower 
Extremity Veins 

The lower extremity is drained by an impor
tant superficial venous system, the primary 

components of which are the greater and 
lesser saphenous veins. The greater saphe
nous vein (Fig. 22-8) is the longest vein in 
the body; hence, it also is also called the 
long saphenous vein. It begins in the foot, 
passes anterior to the medial maleolus, and 
extends from the ankle to the groin along 
the medial aspect of the leg and thigh. 
About 4 cm below the inguinal ligament, it 
dives through the muscular fascia and joins 
the common femoral vein. The greater 
saphenous vein is used commonly as a 
conduit for coronary and peripheral arterial 
reconstruction; therefore, it is frequently 
the subject of ultrasound examination. In 
spite of its length, it can be "harvested" 
for bypass surgery without adverse conse
quences, since it drains only superficial 
structures and its function is readily 
replaced by collaterals. Isolated thrombosis 
of the greater saphenous vein is relatively 
common. Although painful, greater saphe
nous thrombosis is usually of little clinical 
importance. The exceptions are cases in 
which thrombus extends to the sapheno
femoral junction or into the common 
femoral vein, posing the risk of clinically 
dangerous embolization of thrombus to the 
pulmonary circulation. 

The lesser saphenous vein (Fig. 22-9) lies 
between the two heads of the gastrocnemius 
muscle along the posterior aspect of the 
calf: It is in the same position as the seam 
on a stocking. It extends from just above 

��----j- Hepatic vv. 

Renal vv. 

�-----\- IVC 

�---+ Common iliac v. 

�>-----+ I nternal i l iac v. 

.1-----'- External i l iac v. 

FIGURE 22-7. The inferior vena cava (IVC) and the iliac 
veins. 
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Long 
saphenous v. 

F,GURE 22--8. The greater (long) saphenous vein. 

the ankle to the popliteal fossa, where it 
empties into the popliteal vein. Like the 
greater saphenous vein, the lesser saphe
nous may be used as a conduit for bypass 
surgery. It also may be a site of thrombus 
formation, with possible extention of 
thrombus into the popliteal vein, posing a 
risk of pulmonary artery embolization. 

Anatomic Variants 

There are many variations of venous 
anatomy. For practical reasons, only the 
more common variations are mentioned 
here, but the sonographer will undoubtedly 
encounter other variations. Figure 22-10 
illustrates common variations of lower 
extremity venous anatomy. As noted previ
ously, the superficial femoral and popliteal 

veins are duplicated in approximately 25% 
of individuals.2 Venous duplications are 
important, because the unwary sonogra
pher might overlook thrombus isolated to 
one of the paired veins. Many variations can 
occur at the union of the posterior tibial and 
peroneal veins,3 and the frequent occur
rence of variations at this location requires 
that care be taken in the course of ultra
sound examination of the calf veins. 

TERMINOLOGY 

Clot versus Thrombus 

In essence, the terms blood clot and throm
bus are synonymous and are often used 
interchangeably, but clot refers to any coag
ulated mass of blood, whereas thrombus 
refers more precisely to a clot that forms 
within a blood vessel or the heart. Hence, 
the term thrombus is preferred with respect 
to the venous system.7 

+---\-- Popliteal v. 

\--;-- Lesser saphenous v .  

F,GURE 22-9. The lesser saphenous vein. 
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..... --'--- Femoral ----7-7-�. 

(common 
femoral) 

r-.....,a----- Deep femoral 

Femoral 

FIGURE 22-1 0. Common variants 
of lower extremity venous anat
omy. (From DeWeese JA, Rogoff 
SM, Tobin CE: Radiographic Anat
omy of Major Veins of the Lower 
Limb. Rochester, NY, Eastman 
Kodak. Reprinted courtesy of East
man Kodak Company.) 

(superficial femoral) 

Femoral (common) = 

Femoral (superficial) 
+ Deep femoral 

.--::----- Popliteal -----:--.. 

f*J'fI--..,;.----- Anterior tibial 

IRbo---- Peroneal (fibular) ---ff-.� 
\t-;"...---- Posterior tibial -----1ttr-1t::::fl 

Thrombophlebitis 

The term thrombophlebitis refers to the acute 
phase of venous thrombosis during which 
thrombus formation is associated with 
vein wall inflammation. Thrombophlebitis 
is thrombosis plus phlebitis or vein wall 
inflammation. 

Acute and Chronic 
Venous Thrombosis 

In terms of risk for pulmonary emboliza
tion, acute generally refers to a period of 
about 1 4  days,S during which the vein wall 
is inflamed and thrombus is loosely 
attached. Within this period, thrombus may 

embolize to the pulmonary circulation, 
causing clinically Significant, or even life
threatening, pulmonary artery occlusion. 
After about 14 days, thrombus that has not 
lysed generally adheres to the vein wall as a 
consequence of inflammation, and the risk 
of embolization is lessened, unless new 
thrombus forms. Thus, acute refers to 
approximately the first 14 days following 
the development of thrombus. 

The terms subacute and chronic do not 
have a clear pathologic or clinical defini
tion. Subacute generally infers weeks to 
perhaps 6 months, and chronic, thereafter. 
Moreover, there is no identifiable dividing 
line between the acute, subacute, and 
chronic phases from a sonographic per
spective. The lack of precise clinical and 
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sonographic definitions may result in 
serious communication errors, and for 
that reason, these terms should be used 
with considerable caution in sonographic 
reports. Perhaps the best way to avoid mis
representation of thrombus age is to relate, 
whenever possible, the sonographic appear
ance of thrombus to the clinical history. 
For example, I might report, "Recently 
formed thrombus is present in the posterior 
tibial and peroneal veins, consistent with a 
4-day history of calf pain. "  I often use the 
term recent thrombosis, or recently formed 
thrombus, rather than acute, because recent is 
relatively vague when used in relation to 
the so no graphic appearance of thrombus 
and does not imply a specific time frame. 
The term chronic venous thrombosis, in my 
opinion, should not be used, because it is a 
misnomer. Chronic thrombus is not throm
bus at all-it is fibrous scar. It is more 
accurate to refer to the chronic sequelae of 
venous thrombosis, or chronic venous 
scarring. 

Thigh, Leg, and Calf 

The thigh is the portion of the lower extrem
ity between the hip and the knee. The leg 
is the segment between the knee and the 
ankle. The calf is the posterior, muscular 
portion of the leg.? The terms upper leg and 
lower leg, although used by some authors, 
are not common anatomic parlance. 

Arm and Forearm 

The arm is the portion of the upper extrem
ity between the shoulder and the elbow, and 
the forearm is the portion from the elbow to 
the wrist.?  The terms upper arm and lower 
arm are used by some authors, induding 
some contributors to this text. 

Proximal and Distal 

The terms proximal and distal/ as they apply 
to the venous system, are somewhat con
fusing. In the vascular system, proximal 
means nearer to the heart, and distal means 

farther from the heart. These terms do not 
reflect blood flow direction, which is a little 
confusing because venous flow is from distal 
to proximal. 

IMAGE CHARACTERISTICS OF 
NORMAL VEINS 

The B-mode and color flow image are the 
essence of ultrasound venous examination. 
The diagnostically important imaging char
acteristics of normal veins are listed in Table 
22-1 and summarized below. 

Lumen and Wall 

The lumen of a normal vein9,10 usually is 
echo free, as seen with gray-scale sonogra
phy, and the interior surface of the vein wall 
is smooth (Fig. 22-1 1A). The wall itself is so 
thin that it cannot be seen, and thickening 
of the wall suggests pathology. With many 
high-resolution instruments, blood flow 
may be visible on the B-mode image, and 
in such cases, the vein lumen is faintly 
echogenic5 (Fig. 22-12) . This normal echo
genicity may be differentiated from throm
bus, because movement of the blood is read
ily seen, whereas thrombus is stationary. 
Blood flow should extend all the way to the 
vessel margin (Fig. 22-12B) . This is impor
tant, as a "filling defect" in the color flow 
image suggests thrombus or scarring. Please 
note that the proper method for examining 
veins with color flow is to first visualize the 
vein wall clearly and then to demonstrate that 

Table 22-1 . Sonograpbic Features of 
Normal Veins 

B-\.1odl' 
Thin ( invisibll') wal l  
Smooth wall 
Anechoic lunwn (exC{'pt with WIl()lJS stasis) 
C:omprl'ssible 

Spectral and Color Doppll'r 
Spontaneous flow 
Phasic flow (large veins) 
Flow ceascs with thc Valsalva maneuwr 
Flow augmcntation with distal compression 
Unidirectional flow (toward the heart) 
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FIGURE 22-1 1 .  Color flow features of a normal extremity vein. A, The wall of the vein (V) is clearly defined and 
smooth, but the wall is not visible per se. The lumen is echo free. B, Blood flow fills the vein lumen completely 
(i.e., no flow voids are present within the lumen). 

flow is present to the wall. Relying solely on 
the color flow image can possibly result in 
diagnostic error, although it is recognized 
that in the calf it may be possible to see the 
veins only with color flow. 

Valves 

Valves, which permit only cephalad flow, 
are numerous within extremity veins. The 

FIGURE 22-1 2. Echogenic blood. The blood in these 
veins (V) is echogenic because flow is sluggish and red 
blood cells have aggregated into larger units that reflect 
ultrasound effectively. Movement of the blood is 
visible in real time, differentiating between sluggish 
flow and thrombus. 

number of valves increases from proximal 
to distal. In the calf, a valve is present 
approximately every 2 cm along the length 
of the tibial and peroneal veins, and the 
valve sinuses in these areas may produce a 
beaded appearance on ultrasound images. 
Valves may be seen with ultrasound when 
image quality is excellent. Valve sinuses are 
widened areas of the lumen that accommo
date the valve cusps. The two cusps that 
constitute most valves (occasionally there 
are three) are thin and appear delicatell  (Fig. 
22-13). The free edges of the cusps move 
symmetrically and freely within the flow 
stream, coapting in the center of the vessel 
when closed and folding back parallel to the 
vein wall when open. If only the base of a 
cusp, near its attachment, is seen on an 
ultrasound image, movement of the cusp 
may appear restricted, even if the valve is 
normal. Hence, a valve that is thought to be 
dysfunctional should be viewed from dif
ferent perspectives, if possible, to determine 
whether it moves freely. Dysfunctional 
valves generally permit reflux of blood, 
which may be visible on the color flow 
image or the spectrum display. Small, 
faintly echogenic aggregates of red blood 
cells may accumulate behind the valve 
cusps in slow-flow states. These aggregates 
are easily displaced with vein compression, 
whereas thrombus in the same location is 
stationary. 
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Compressibility 

Veins, as opposed to arteries, have thin 
walls, and the vein is held open primarily 
by the pressure of blood within the lumen. 
Thus, the vein lumen can be obliterated 
with a small amount of extrinsic pressure 
(Fig. 22-14) .  This simple observation is of 

FIGURE 22-1 3. Venous valve. 
The two cusps of a valve (arrows) 
are clearly seen in this example. 
They are curvilinear and coapt 
in the center of the vessel. (It is 
uncommon to see venous valves 
with this level of clarity.) Stasis 
of blood (S) is evident behind 
one of the valve cusps. The 
blood is more echogenic here 
because of aggregation of red 
blood cells, as also shown in 
Figure 22-1 2. 

great diagnostic importance, because the 
walls do not coapt when the lumen con
tains thrombus, even when the pressure 
applied is sufficient to distort the shape of 
an adjacent artery.lO Vein compressibility 
is best tested with short-axis (transverse) 
images. A false impression of compressibil
ity may occur with long-axis (longitudinal) 

FIGURE 22-1 4. Vein compression. With pressure from the transducer, the superficial femoral vein (SFV) disappears 
from view (right panel), indicating that it is patent. SFA, superficial femoral artery. 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


CHAPTER 22 Venous Anatomy, Terminology, and Features of Normal Veins r� 
views, because the vein may slip out of the 
image plane during attempted compression 
and disappear from view, falsely implying 
compressibility. 

Vein Size 

The major veins of the arm and thigh are 
somewhat larger in diameter than corre
sponding arteries. If the vein is substantially 
larger than the artery (i.e., more than twice 
the arterial diameter) and if the size does 
not vary with respiration, thrombosis 
should be suspected, because thrombus dis
tends the vein lumen. Vein size may also be 
increased by back-pressure from congestive 
heart failure, proximal venous obstruction, 
or venous reflux. Furthermore, certain 
veins, such as the peroneal, soleal, and gas
trocnemius veins, may normally be fairly 
large. Enlargement, therefore, should not be 
the sole criterion for the diagnosis of venous 
thrombosis. 

Small vein size may be a manifestation of 
a remote episode of venous thrombosis, but 
small vein size should not be the only cri
terion by which abnormality is diagnosed. 
If the patient is dehydrated or severely vaso
constricted, the veins may be smaller than 
normal. Furthermore, the paired veins of 
the calf and forearm may be small for no 
apparent reason. 

Respiratory Changes 

The diameter of large veins (e.g., the 
femoral vein) increases with deep inspira
tion or with the Valsalva maneuver.9 Visible 
respiration-related changes in vein caliber 
are not used diagnostically, but flow 
changes detected with Doppler ultrasound 
have great diagnostic importance, as indi
cated later. 

DOPPLER CHARACTERISTICS OF 
NORMAL VEINS 

Blood flow in normal veins has five impor
tant features, as summarized in Table 22-1:  
It is spontaneous and phasic, ceases with 

the Valsalva maneuver, is augmented by 
distal compression, and is unidirectional 
(toward the heart). 1 1-13 

Spontaneous Flow 

Blood flow occurs spontaneously in med
ium and large veins with the patient at rest, 
even if the extremity is dependent. That is, 
flow occurs without extrinsic compression 
of the soft tissues of the limb or muscular 
activity. The absence of spontaneous flow 
may result from thrombosis at the site of 
examination or from obstruction, either 
proximal or distal to that pOint. Flow is 
often not spontaneous in small veins, such 
as the paired tibial branches in the calf or 
the veins of the foot or hand. This is because 
the velocity of flow in these vessels, in the 
absence of muscular activity, is too slow for 
Doppler ultrasound detection. 

Phasic Flow 

Normal venous flow is respirophasic, 
meaning that the velocity of flow changes 
in response to respiration. The abbreviated 
term phasic is usually used, rather than 
respirophasic. Phasic changes in flow veloc
ity are evident in the color flow image, the 
Doppler spectrum display (Fig. 22-15),  and 
the audible Doppler signal. The Doppler 
spectrum and audible signal are the 
best media for assessing the phasic flow 
pattern, because subtle abnormalities are 
more apparent with these media than with 
color flow imaging. When the phasic 
pattern is absent, flow is described as con
tinuous (Fig. 22-16) .  This flow pattern is 
Significant, for it indicates the presence of 
substantial obstruction proximal, or some
times distal, to the site of Doppler exami
nation. With obstruction, blood trickles 
through diminutive collaterals or recanal
ization channels, and the phasic changes 
are lost. The phasic pattern may persist when 
thrombus does not substantially obstruct the 
vein lumen; therefore, the identification of 
a phasic flow pattern does not entirely 
exclude thrombosis, but it does exclude 
occlusive thrombosis. 
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The Val salva Response 

Deep inspiration followed by bearing down 
(the Valsalva maneuver) results in the 
abrupt cessation of blood flow in large
and medium-sized veins (Fig. 22-17) .  This 
important response documents the patency 
of the venous system from the pOint of 
Doppler examination to the thorax. Al
though cessation of flow is visible on color 
flow images, the Valsalva response is best 

FIGURE 22-1 5 .  Spontaneous, 
phasic flow. The flow velocity 
fluctuates in response to respira
tion and right atrial contraction, 
indicating that the venous 
system is substantially patent 
between the point of Doppler 
examination and the chest. 

evaluated with the Doppler spectrum 
display or from the audible Doppler signal. 
The Valsalva maneuver is particularly useful 
for confirming the patency of those seg
ments of the venous system that cannot be 
examined directly. It should be noted, 
however, that an abnormal response to the 
Valsalva maneuver occurs only with sub
stantial venous obstruction. A normal 
response may be observed if the vein lumen 
is only partially blocked. 

FIGURE 22-16. Continuous flow. 
The undulating flow pattern 
seen in Figure 22-15 is absent, 
indicating venous obstruction. 
The flow velocity is also low. 
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FIGURE 22-1 7. The Val salva response. Top, As the patient bears down, elevation of intra-abdominal pressure 
abruptly terminates extremity venous flow (arrow). Reversed flow does not occur, indicating that the extremity 
valves are competent. Bottom, Flow resumes promptly with exhalation (arrow). 

Augmentation 

Manual compression of the extremity distal 
to the site of ultrasound examination 
increases, or augments, venous flow. The 
resulting gush of blood is recorded as an 
abrupt increase in the Doppler frequency 
shift (Fig. 22-18). This response confirms 

substantial patency of the veins between 
the site of Doppler examination and the 
site of venous compression. The absence 
of this response indicates substantial ob
struction distal to the site of Doppler exam
ination. Delayed or weak augmentation 
indicates distal obstruction that is incom
plete or is circumvented by collaterals. The 

[� 
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FIGURE 22-18. Flow augmentation. Calf compression results in a dramatic increase in flow velocity (arrow) in the 
common femoral vein. This finding confirms substantial patency of the veins between the calf and the common 
femoral area. 

effects of augmentation are visible on color 
flow images, but the adequacy of augmen
tation is best evaluated with the Doppler 
spectrum or audible Doppler signals. 
Although augmentation was one of the 
earliest-described Doppler features of ven
ous flow, it has not proven reliable for 
excluding thrombosis. This is because aug
mentation may be normal when a vein 
is only partially obstructed or when ob
struction is circumvented by collateral 
flow. 

Unidirectional Flow 

In the normal venous system, blood flows 
only toward the heart, because the valves 
prevent flow in the opposite direction 
(retrograde flow) . Normally functioning 
valves are described as competent, and 
valves that permit retrograde flow are 
described as incompetent. Valvular in
competence is diagnosed when retrograde 
flow occurs in response to the Valsalva 
maneuver (Fig. 22-19) or manual compres-

FIGURE 22-1 9. Venous reflux. Venous flow reverses with the onset of the Valsalva maneuver and remains reversed 
until the Valsalva maneuver is released, indicating severe, sustained reflux caused by valvular incompetence. 
Compare with Figure 22-17.  
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sian proximal to the site of ultrasound ex
amination. Reflux is most conveniently 
assessed with the color flow image and may 
be documented with Doppler spectrum 
analysis. 
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Chapter 
23 

Technique for Extremity Venous 
Ultrasound Examination 

This chapter describes protocols for ultra
sound examination of both the upper and 
lower extremity veins. I-IS No two ultra
sound laboratories perform a given exami
nation in exactly the same way, and it is 
likely that the protocols described herein 
will be modified to suit the needs of partic
ular laboratories or patients. A consistent 
method of examination must be established 
within each laboratory, however, to ensure 
that examinations are comprehensive and 
accurate. The examination protocol should 
conform to established standards, such as 
those specified by the organizations listed in 
Table 23-1 . 

INSTRUMENTATION 

The ultrasound instrument chosen for 
extremity venous diagnosis should have the 
following features: (1) excellent spatial reso
lution, which implies incident ultrasound 
frequencies in the S- to IS-MHz range; (2) 
excellent gray-scale resolution (dynamic 
range); (3) a Doppler device that is sensitive 
enough to detect low-velocity venous flow; 
and (4) color flow/power Doppler. Extremity 
venous examinations can be performed, in 
large part, with gray-scale imaging; however, 
color flow imaging is essential, as it facili
tates both the identification of smaller veins 
and the confirmation of blood flow. 

IMAGE ORIENTATION 

Terms used in venous ultrasound imaging to 
describe the orientation of the scan plane 

are as follows. Images oriented along the 
length of the vein are described as long axis 
or longitudinal. Images perpendicular to the 
vein axis are described as short axis or trans
verse. I generally use the terms long axis and 
short axis. Longitudinal and transverse actu
ally refer to the axis of the body as a whole, 
but these terms often are acceptable for 
venous imaging, because many veins run in 
longitudinal planes. Thus, long-axis images 
often are truly longitudinal in orientation, 
and short-axis images often are transverse in 
orientation. 

INTERMITTENT COMPRESSION 

A basic method for extremity vein exami
nation with ultrasound is intermittent com
pression, which is conducted as follows. 
Using a short-axis view, pressure is applied 
with the transducer, causing the vein to col
lapse. Pressure is then released, the trans
ducer is moved 2 to 3 cm along the course 
of the vein, and compression is again 
applied. This process is repeated along the 
entire course of the vein. Because the vein 
wall is thin and venous pressure is low, rel
atively little force is needed to collapse the 
vein and confirm its patency. If thrombus is 
present, the vein will not collapse, no 
matter how much pressure is applied. In 
practice, intermittent compression is con
ducted very rapidly, and a lengthy segment 
of vein can be examined in a short period. 
Intermittent compression should not be 
conducted with long-axis views, as the vein 
may slip out of the image plane, mimicking 
compressibili ty. 
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Table 23-1 . Organizations That Set 
Standards for Vascular Ultrasound 
Departments 

The American Institute of Ultrasound in 
Medicine: 1 4750 Sweitzer l.ane, Suite 100, 
l.aurel, MD 20707; http://www.aium.org 

The Intersocietal Commission for Accreditation 
of Vascular l.aboratories: 8840 Stanford 
Boulevard, Suite 4900, Columbia, MD 2 1 045; 
http://www.icavl.org 

The American College of Radiology: 1 89 1  
Preston White Drive, Reston VA 20 1 9 1 ;  
http://www.acr.org 

UPPER EXTREMITY VENOUS 
PROTOCOL 

Patient Position 

The patient should be recumbent on a bed 
or a stretcher that is sufficiently wide to 
comfortably support the patient's upper 
extremity and trunk. This is important, 
because muscular contraction from an 
uncomfortable patient position can com
press and occlude the veins and can limit 
transducer access. As with all venous exam
inations, the room and patient should be 
sufficiently warm as to avoid peripheral 
vasoconstriction, which reduces the size of 
extremity veins and makes venous sonogra
phy more difficult. 

Step 1 .  The Subclavian Vein 

We begin the upper extremity examination 
with the subclavian vein, which may be 
approached from above or below the clavi
cle (Fig. 23-1) .  The above-clavicle approach 
may be more effective in one patient and 
the below-clavicle approach in another. 
With the below-clavicle view, the vein is 
visualized through the pectoralis muscles. 
The subclavian examination is conducted 
almost exclusively in long-axis views, and 
color flow is always used. The normal vein 
is uniform in caliber and is slightly larger 
than the adjacent artery. Doppler assess
ment of the vein (Fig. 23-2) is essential. 
Flow should be spontaneous and somewhat 
pulsatile (as a result of transmission of right 
atrial pulsation) . Furthermore, flow should 

be respirophasic and should respond appro
priately to the Valsalva maneuver. (See 
Chapter 22 for definitions of these terms.) 
Verification of normal subclavian flow features 
is very important, as it confirms the patency 
of the innominate vein and the superior 
vena cava, which generally cannot be exam
ined directly. 

After completing the Doppler examina
tion, look for the junction of the subclavian 
and internal jugular veins and confirm the 
patency of the latter. We do not examine 
the internal jugular vein in detail unless 
there are clinical indications to do so. Note 
that the size of the internal jugular vein 
changes substantially with respiration. 

Finally, follow the subclavian vein as far 
distally as possible. Be careful not to slip 
unknowingly into an enlarged collateral 
vein. Remember, arteries accompany the 
major deep veins of the upper extremity. If 
you do not see an artery near the vein, you 
may be looking at a collateral vein. 

Step 2. The Axillary and 
Brachial Veins 

With the patient's arm abducted and rotated 
externally, place the transducer high in the 
axilla and identify the axillary vein in a 
short- or long-axis view (Fig. 23-3). Use the 
Doppler flow Signals, if needed, to confirm 
the identity of the vein and the adjacent 
artery. Then, using short-axis views and 
intermittent compression, follow the course 
of the axillary vein into the brachial vein. 

No discrete landmark indicates the junc
tion of the axillary and brachial veins. Pro
ceeding distally, it will be noted that the 
brachial vein splits into two branches, lying 
on either side of the brachial artery. The 
brachial vein is almost always duplicated, 
and both branches must be examined. Con
tinue to examine the brachial veins with 
intermittent compression to the level of the 
elbow. Although the axillary and brachial 
veins may be examined with long-axis, color 
flow images, it is expedient, and possibly 
more accurate, to examine them with short
axis intermittent compression. Of course, 
the short-axis views may be supplemented 
with long-aXis color flow images as needed. 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


r-i 
L..-___ C_H_A_PT_E_R_2_3 __ li_e_ch_"_

o
_IQ_u_e_f_o_r_E_x_t_re_m_it_y_v_e_"_o_u_s_U_lt_r_a_so_u_"_d_

E_x_a_m_i_"_at_i_0_" ___ ----' l��=J 

FIGURE 23- 1 .  Subclavian and cephalic vein 
examination. A, Supraclavicular transducer 
position. B, Infraclavicular transducer posi
tion. C, Long-axis (top) and short-axis (bottom) 
views of a normal subclavian vein (SCV). Note 
that the vein is slightly inferior to the subcla
vian artery (SeA) and is deep to the pectoralis 
muscles (M). D, Supraclavicular view showing 
the junction of the cephalic vein (CEPH) with 
the subclavian vein. 
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FIGURE 23-2. Normal subcla
vian vein Doppler signal. Note 
the cardiac pulsations (arrows) 
superimposed on respiratory 
variation. 

FIGURE 23-3. Axillary, basilic, and brachial vein examinations. A, Transducer position for viewing the axillary vein. 
B, Transducer position for viewing the brachial vein. C, Junction of the brachial (BRACH) and the basilic (BACIL) 
veins, forming the axillary vein (AX). D, Paired brachial veins (V) lying on each side of the brachial artery (A). E, 
The upper image shows the brachial veins adjacent to the brachial artery. The Lower image was obtained with com
pression, and only the artery is visible. 
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Step 3. The Basilic Vein 

Next, return to the axillary area and identify 
the junction of the basilic vein (medial) with 
the axillary vein, using short- or long-axis 
images. Then, follow the basilic vein to the 
elbow, using short-axis intermittent com
pression. Because the basilic vein is a com
ponent of the superficial venous system, it 
is not accompanied by an artery and lies just 
under the skin. A light touch with the trans
ducer is important; otherwise the vein will 
collapse and cannot be identified. 

Step 4. The Cephalic Vein 

Now, move to the lateral aspect of the arm, 
a little above the elbow, and locate the 
cephalic vein, which lies approximately in 
the groove between the biceps and triceps . 
muscles. If you do not find the vein here, 
look for it further cephalad, adjacent to the 
deltoid muscle. As with the basilic vein, the 
cephalic vein lies just under the skin and is 
not accompanied by an artery. Minimum 
transducer pressure is required to avoid 
compression of the vein, which renders it 
invisible. Once located, use short-axis views 
and intermittent compression to confirm 
vein patency from the elbow to the shoul
der. Near its proximal end, the cephalic vein 
crosses the deltoid muscle and then dives 
deeply to join the subclavian vein. This 
proximal portion is best examined with 
long-axis color flow views, as seen in Figure 
23-1D. 

Step 5. The Forearm Veins 

In most cases, the subclavian vein and arm 
veins are of primary clinical concern, and 
the venous ultrasound examination is ter
minated at the elbow. If there is clinical sus
picion of forearm venous thrombosis, the 
examination is extended to the wrist. The 
forearm venous examination is simply a 
continuation of the arm examination, using 
short-axis views and intermittent compres
sion. At the end of the brachial vein 
examination, follow the radial and ulnar 
veins (Fig. 23-4) from the elbow to the 

wrist, using the corresponding arteries as 
anatomic guides. If you get lost at the elbow, 
go to the wrist and follow the radial and 
ulnar veins proximally. The basilic and 
cephalic veins in the forearm are examined 
similarly, by beginning in the arm and con
tinuing into the forearm as far as possible. 
These veins may become quite small in the 
forearm and may branch; therefore, it may 
not be possible to follow the basilic and 
cephalic veins to the wrist. 

Protocol Summary 

The protocol for upper extremity venous 
examination is summarized in Table 23-2. 

LOWER EXTREMITY VENOUS 
PROTOCOL 

Patient Position 

Clear visualization of the lower extremity 
veins requires adequate distention of the 
venous system. To this end, the lower 
extremity must be dependent, which may 
be accomplished by steeply elevating the 
head of the examination table or by 
examining the patient in the sitting posi
tion (Fig. 23-5).  The patient and the 
examining room should be sufficiently 
warm to prevent vasoconstriction, which 
results in poor venous distention. 

Step 1. The Iliac Veins 

The iliac veins are not routinely examined. 
Instead, it is customary practice to rely on 
Doppler signals obtained at the groin to 
exclude more proximal venous obstruction. 
When Doppler signals are abnormal or 
there are other suggestions of obstruction, 
the iliac veins can be examined directly. 
A 3- to 5-MHz transducer is generally 
required for iliac vein examination. First, 
identify the external iliac vein at the groin, 
and then, using long-axis views, follow it 
cephalad as it dives deeply into the pelvis. 
You should trace the external and common 
iliac veins cephalad as far as possible, with 
a goal of following the iliac system all the 
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FIGURE 23-4. Forearm vein examination. A, Transducer position for viewing the ulnar veins. B, Long-axis view of 
ulnar veins (V). Note the small size ( 1 .9 mm). C, The upper image is a short-axis view of the paired ulnar veins 
adjacent to the ulnar artery (A) . Note the small size of the veins (1 .6 mm). In the lower image, obtained with com
pression, only the artery is visible. 

way to the inferior vena cava. The junction 
of the external and common iliac veins 
often cannot be identified, but this junction 
approximates the point where the iliac 
vessels lie most deeply within the pelviS. 

In most cases, the iliac system is best visu
alized from an anterolateral approach, with 
the transducer lateral to the rectus muscle, 
as shown in Figure 23-6. Examination of 
the iliac veins seems impossible to neophyte 

Table 23-2. Protocol for Upper Extremity Venous Examination 

Step I .  The Subclavian Vein 

Step 2. 

Step :�. 

Step -l. 

Step s.  

Visualizl' with long-axis imagl's from the manubrium as far distally as possible. Check 
subclavian Doppler signals. Examim' the i ntl'rnal jugular vein.  

The Axillary and Brachial Veins 
Examine the axil lary and brachial veins principally with short-axis views and i ntermittent 

compression, supplemented by long-axis color now views. Be sure to exa m i ne both 
branches of thl' brachial vein.  

The BasiIic Vein 
Identify the j unction of thl' basilic and brachial vdns and fol low the basilic vein to the 

elhow, using transverse compression. Supplement with long-axis views as needed. 

The Cephalic Vein 
Identify the cephalic vein in the forearm and examine it with short-axis views and 

transverse compression. USl' long-axis, color flow views to visualize its junction with the 
subclavian vein.  

The Forearm Veins 
Follow the radial, ulnar, basilic, and l'l'phalic wins to the wrist if  symptoms suggest 

abnormality in these segments. Short-uxis views with intermittent compression is the 

primary modl' of examinution. 
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FIGURE 23-5. Patient positions for lower extremity venous examination. A, Supine, reverse Trendelenburg's posi
tion. B, Upright position. (A, B, Modified from Zwiebel W], Priest DL: Color duplex sonography of extremity veins. 
Semin Ultrasound CT MR 1 1 : 136-167, 1990.) 

FIGURE 23-6. Iliac vein examination. A,  The transducer is positioned lateral to the rectus muscle for visualization 
of the iliac veins. B, Junction of the external (EIV) and internal (try) iliac veins, forming the common iliac vein 
(CIY). C, The external iliac vein, as seen just caphalad to the inguinal ligament. ErA, external iliac artery. 
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sonographers but becomes easier with prac
tice; nonetheless, even experienced sonog
raphers cannot demonstrate the iliac veins 
in all patients, and image quality may be 
suboptimal. 

Step 2. The Femoral Segment 
The examination of the venous system from 
the femoral level distally is usually con
ducted with a 5- to 10-MHz linear array 
transducer. Begin the examination at the 
groin with long-axis views of the distal 
external iliac vein. Move caudad into the 
common femoral vein (Fig. 23-7) and look 
for two important landmarks: (1) the junc
tion of the superficial and deep femoral 
veins, forming the common femoral vein, 
and (2) the entry of the greater saphenous 
vein into the common femoral vein. These 
are the first of several landmarks that should 
be identified during each venous examina
tion, in order to avoid misdiagnoses. (For 
instance, I have seen a sonographer proceed 
from the common femoral vein into a 
dilated greater saphenous vein and mistake 
it for the superficial femoral vein, overlook
ing thrombus in the latter.) 

Next, confirm the patency of the greater 
saphenous and deep femoral veins with 
color flow imaging and then evaluate flow 
in the common femoral vein with Doppler 
(see Fig. 23-7C). Check for spontaneous 
and phasic flow and, if needed, a normal 
Valsalva response. These measures are 
used to exclude occlusion of the iliac veins 
or the inferior vena cava, as mentioned 
previously. 

After the Doppler examination is com
plete, switch to short-axis views and begin 
the intermittent compression examination 
of the common and superficial femoral 
veins. This is the primary method used for 
lower extremity venous examination. Start
ing as high as possible in the common 
femoral vein and continuing into the super
ficial femoral vein, sequentially test vein 
compressibility (Fig. 23-8) to the point at 
which the superficial femoral vein dives 
into the adductor canaL Color flow imaging 
often is used for the transverse compression 

examination, but gray-scale imaging is quite 
adequate and in some cases may provide 
greater information than color flow. 
Abnormal (noncompressible) areas may be 
assessed further with long-axis color flow 
views. 

Just above the knee, the superficial 
femoral vein dives through a tunnel in the 
adductor muscles called the adductor canal 
and emerges behind the knee in the 
popliteal space. The adductor segment of 
the superficial femoral vein is too deep to 
be compressed effectively in most patients 
(Fig. 23-9), and this segment must be 
examined only with long-axis color flow 
images. 

Step 3. The Greater Saphenous Vein 
We do not routinely examine the greater 
saphenous vein1s in detail when searching 
for lower extremity venous thrombus, but 
we always examine the proximal 5 cm or so 
below its junction with the common 
femoral vein. When symptoms (painful, 
palpable subcutaneous "cord") suggest 
greater saphenous vein thrombosis, 
however, this vessel should be examined in 
detail. Short-axis intermittent compression 
is generally the most efficient means of 
saphenous vein examination. A superficially 
focused, high-frequency (7- to lO-MHz) 
transducer and a very light touch are 
required for this examination. Too much 
pressure obliterates the vein lumen and 
renders it invisible. Note that the greater 
saphenous vein is located just outside of the 
muscular fascia (i.e., at the junction of the 
muscle and the subcutaneous fat) and that 
two fascial planes are visible adjacent to the 
vein, as shown in Figure 23-10. If the vein 
lies just below the skin and is not invested 
by fascia, it probably is not the greater 
saphenous vein but, rather, is a subcuta
neous branch or collateral. 

'Step 4. The Popliteal Segment 
The examination of the popliteal segment 
necessitates repositioning of the patient as 
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FIGURE 23-7. Long-axis femoral vein exam
ination. A, Transducer position, upper 
thigh. B, The junction of the greater (long) 
saphenous vein (LSV) with the common 
femoral vein (CFV) is an important land
mark. C, Doppler signals are obtained rou
tinely in the common femoral vein. 
(Phasic, spontaneous flow, with augmenta
tion at the arrow.) D, The junction of the 
superficial femoral vein (SFV) and the deep 
femoral veins (DFV), forming the common 
femoral vein, is another important land
mark. 
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FIGURE 23-8. Short-axis femoral vein examination. A, 
Transducer position, upper thigh. B, Short-axis views of 
the common femoral vein (CFV), without (left) and with 
(right) compression. Note that the vein is medial to the 
common femoral artery (CFA). C, Short-axis view of the 
superficial femoral vein (SFV), without (left) and with 
(right) compression. Note that the vein is deep to the 
superficial femoral artery (SFA) . 
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F,GURE 23-9. The adductor segment. The superficial 
femoral vein (SFV) is generally too deep for effective 
transverse compression. SFA, superficial femoral artery. 

F,GURE 23-1 0. Short-axis view 
of the greater (long) saphenous 
vein (LSV) . Note the fascial 
planes (arrows) adjacent to the 
vein. 

shown in Figures 23-1 1A and 23-12. Begin 
the examination with long-axis views of the 
popliteal vein (Fig. 23-1 1B) and move 
upward into the adductor canal to examine 
the distal part of the superficial femoral vein. 
It is important to go as high in the adductor 
canal as possible to ensure that a segment of 
this vessel is not missed. The junction of the 
superficial femoral and popliteal veins is 
arbitrarily designated as the distal end of the 
adductor canal, but no convenient so no
graphic landmarks identify this junction. 
Return to the popliteal segment, noting that 
the popliteal vein lies superficial to the 
popliteal artery from this perspective. This is 
the reverse of the relationship seen during 
the superficial femoral examination. Next, 
test the patency of the popliteal vein with 
short-axis intermittent compression (see Fig. 
23-11C) .  Begin as high as possible in the 
popliteal fossa and continue distally into the 
posterior tibial and peroneal trunks. 

Step 5. The Paired Calf Veins 

The transducer positions for calf vein exam
ination are shown in Figure 23-12. There 
are two basic approaches to the calf veins: 
beginning at the knee or beginning at the 
ankle. It is efficient to begin at the knee, as 
the transducer is already located there at the 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


!���j � ________________________ s_Ec_n_O_N_IV __ E_x_u_e_m_i� __ Vi_e_m_s ______________________ � 

FIGURE 23-1 1 .  Popliteal vein examination. A, Transducer position. B, Long-axis view of the popliteal vein (PV). 
Note that the vein is superficial to the popliteal artery (PA). C, Short-axis view of the popliteal vein and artery, 
without (top) and with (bottom) compression. 

end of the popliteal examination. We fre
quently experience difficulty following the 
calf veins from the knee down, however, in 
which case, we go to the ankle and proceed 
back up to the knee. 

In most instances, calf vein examination 
combines transverse compression and long
axis color flow imaging. Because calf vein 
examination requires technologic creativity, 
it is not possible to describe a consistent 
examination protocol for the calf veins. The 
goal, however, is to ensure that all three calf 
vein pairs (anterior tibial, posterior tibial, 
and peroneal) are adequately visualized. 

We usually start the calf vein examination 
with transverse compression, which works 
particularly well for the paired posterior 
tibial and peroneal veins. The corresponding 
arteries are important orienting landmarks, 

and when the arteries are occluded by ather
osclerosis, the calf vein examination is often 
compromised. In many cases, the transverse 
compression examination must be supple
mented with long-axiS color flow imaging, 
especially in the upper calf area, where the 
paired branches unite to form common 
trunks. Note that blood flow is generally not 
spontaneous in the calf veins, and flow must 
be augmented by periodic manual compres
sion of the foot or the lower portion of the 
calf, below the site of examination. 

Approach to the Posterior Tibial and 
Peroneal Veins 
The posterior tibial veins actually lie pos
teromedial to the tibia and are best 
approached from the posteromedial aspect 
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FIGURE 23-1 2. Calf vein transducer positions. A, Posteromedial position for viewing the posterior tibial and per
oneal veins. B and C, Posterior tibial (PT) and peroneal (Per.) vein image planes. D, "Stocking seam" transducer 
approach to the peroneal veins. E; Anterolateral transducer position for viewing the anterior tibial veins. F, 
Anterior tibial (AT) vein image plane. 

of the leg, as shown in Figures 23-12  and 
23-13. The peroneal veins are imaged from 
the same transducer position but are seen 
deep to the posterior tibial veins. In spite of 
their deep location, they are well seen if the 
calf is not too large or edematous. 

If the posterior tibial or peroneal veins 
are not well seen from a posteromedial 
approach, try a straight posterior ap
proach with the patient prone, as shown in 
Figure 23-12D. In addition, the peroneal 
trunk sometimes can be seen from the 
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FIGURE 23-1 3.  Representative images of normal calf veins. A, Power Doppler view of the junction of the paired 
posterior tibial and peroneal veins, forming the common posterior tibial (PT) and peroneal (PER) trunks. B, Power 
Doppler view of the paired posterior tibial veins (PTV) adjacent to the posterior tibial artery (PTA) . One of the per
oneal veins (PER V) is also visible. C, Power Doppler view showing the junction of the anterior tibial veins (ATV) 
with the popliteal vein (PV). The anterior tibial artery lies between the anterior tibial veins. D, Short-axis color 
flow view of the posterior tibial and peroneal veins. E, On the left is a short-axis view of the paired posterior tibial 
and peroneal veins (V) without compression. With compression (right), only the posterior tibial and peroneal arter
ies are visible (PT A and PER A, respectively). 
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anterolateral approach that is used rou
tinely to visualize the anterior tibial system 
(Figs. 23-12E and 23-12F) . 

Approach to the Anterior Tibial Veins 
The anterior tibial veins are best visualized 
from an anterolateral transducer approach, 
with the transducer positioned between the 
tibia and the fibula (Figs. 23-12 and 23-13). 
In many cases, the paired anterior tibial 
veins drain separately into the popliteal 
vein. Alternatively, the paired veins unite 
and enter the popliteal vein as a common 
trunk. In either case, they veer off from the 
popliteal vein at an acute angle and then 
turn inferiorly after penetrating the in
terosseous ligament between the tibia and 
the fibula. The anterior tibial branches are 
small, and isolated thrombosis of this 
system is relatively uncommon, leading to 
the suggestion by some that their examina
tion is unnecessary. J3, lS,16 Nevertheless, 
routine examination of the anterior tibial 
vein is generally recommended and usually 
requires little time. 

Step 6. The Gastrocnemius and 
Soleal Veins 

In our department, we do not attempt 
to visualize the gastrocnemius and soleal 
veins routinely, but sonographers should 
be aware of the general location of these 
veins, as shown in Figure 22-5 (see Chapter 
22), in order to identify thrombus within 
these muscular branches. The gastrocne
mius and soleal veins (Fig. 23-14) are fairly 
common sites of isolated thrombus forma
tion. It is especially important to look for 
thrombus in these veins when the patient 
has focal calf pain and/or tenderness and 
the remainder of the deep venous system is 
normal. 

Protocol Summary 

The examination protocol for the lower 
extremity venous system is summarized in 
Table 23-3. 

FIGURE 23- 1 4. Soleal veins (arrows), as seen in long-axis (A) and short-axis (B) images. PER, peroneal vein. 
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Table 23-3 Protocol for Lower Extremity Venous Examination 

Step 1 .  The Iliac Segment 
Identify the external iliac vein at the groin and follow it cephalad with long-axis images. 

Locate the iliac bifurcation or its approximate position. Follow the common iliac vein 
cephalad to the inferior vena cava. If you lose track of the vein, start at the inferior 
vena cava and follow the iliac vein inferiorly. 

Step 2. The Femoral Segment 
Use long-axis images to identify the external iliac vein at the groin and follow it distally 

into the common femoral vein. Note the entrance of the greater saphenous vein. Check 
Doppler characteristics at the common femoral level. Identify the deep femoral vein 
and confirm its patency. Return to the groin and check vein compressibility with short
axis images and intermittent compression from the femoral level to the adductor canal. 
Watch for superfidal femoral vein duplication. 

Step 3. The Greater Saphenous Vein 
Confirm that the proximal portion of the greater saphenous vein is patent with long-axis 

color flow views. Examine as much of the vein as is clinically indicated, using short-axis 
intermittent compression. 

Step 4. The Popliteal Segment 
Using long-axis views, locate the distal portion of the superfidal femoral vein as high as 

possible in the adductor canal. Follow the superfidal femoral vein distal into the 
popliteal segment to the junction of the tibial trunks. Confirm the compressibility of 
the popliteal vein and the tibial trunks with short-axis views and intermittent 
compression. Watch for popliteal vein duplication. 

Step 5. The Calf Veins 
Examine the posterior tibial veins and trunk in their entirety, starting either at the 

popliteal space or at the ankle. Use short-axis intermittent compression as the primary 
mode and supplement with long-axis color flow images parallel to veins. Examine the 
peroneal veins similarly. Examine the anterior tibial veins with long-axis color flow 
images. Examine the gastrocnemius and soleal veins as clinically indicated, using long
or short-axis views. 
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Chapter 
24 

Ultrasound Diagnosis of 
Venous Thrombosis 

WILLIAM J .  ZWIEBEL, M D  

The primary focus of this chapter is ultra
sound detection and assessment of venous 
thrombosis, which is the principal pathol
ogy that affects the venous system. Also 
included is a discussion of arteriovenous 
fistula, which is a less common but impor
tant condition. 

THROMBOSIS AND 
THROMBOLYSIS 

Thrombus originates focally within the 
venous system, perhaps in an area of stag
nation, such as the region at the base of a 
valve cusp. Once formed, thrombus induces 
additional thrombosis, and, as a result, 
thrombus propagates along the vein lumen. 
In some cases, the lumen is only partially 
filled, while in others, the lumen is 
occluded. During the acute phase, the pres
ence of thrombus induces an inflammatory 
response in the adjacent vein wall. Thus, the 
term thrombophlebitis is applicable, phlebitis 
referring to inflammation of the vein wall. 
The inflammatory component is the cause 
of cramping, focal pain, and tenderness 
associated with acute thrombophlebitis. 
Many factors may initiate venous thrombo
sis, but in most cases, vein wall inflamma
tion follows the formation of thrombus. In 
some cases, however, and especially with 
respect to indwelling venous catheters, 
injury of the vein wall initiates an inflam
matory response that causes thrombus to 
form within the vein lumen secondarily. 

In response to the presence of thrombus, 
an enzyme called plasminogen is released 
from the blood and chemically lyses throm
bus. In some cases, plasminogen may com-

pletely lyse the thrombus over a period of 
days to weeks, leaving no trace and no 
adverse sequelae. Clinical experience with 
venous sonography suggests, however, that 
this is a relatively uncommon course, and 
in many cases, lysis is incomplete. 

Within about 7 to 14 days, the inflam
matory reaction resolves, and a process 
begins through which residual thrombus 
that does not lyse subsequently is trans
formed into fibrous tissue. The thrombus is 
invaded by fibroblasts, and these cells 
slowly convert the remaining thrombus to 
fibrous tissue that persists indefinitely. If 
only a small amount of thrombus remains 
unlysed, the resulting fibrous scar may take 
the form of small plaquelike areas or thick
ening of the vein wall. With more extensive 
scarring, the caliber of the vein is reduced, 
or the vein may be become an occluded 
fibrous cord. 

ULTRASOUND FINDINGS 

Thrombus within the venous system is 
hypoechoic during the first few days after its 
formation but becomes more echogenic 
with time. This and additional changes 
permit the age of the thrombus to be 
approximated in many patients. The detec
tion of thrombus and the assessment of its 
age require familiarity with the ultrasound 
findings described later. 

Acute Thrombosis 

As noted in Chapter 22, the term acute refers 
to approximately the first 14 days after 
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thrombus forms,s during which the vein 
wall is inflamed and thrombus is loosely 
attached. Within this period, thrombus may 
embolize to the pulmonary circulation, 
causing clinically significant, or even life
threatening, pulmonary artery occlusion. 
By the end of the acute period and into the 
subacute stage, thrombus is adherent to the 
vein wall, and the risk of embolization is 
lessened. The term acute thrombosis must be 
used with great caution, because sono
graphic findings provide only a general time 
frame and do not clearly separate the acute 
and subacute phases. During the acute 
period, thrombus has the following ultra
sound appearance. 1-9 

Low fchogenicity 

Recently formed thrombus generates only 
low-level echoes and may be virtually an
echoic (Fig. 24-1A). Because of its low 
echogenicity, small thrombi may be difficult 
to visualize. The presence of such thrombi 
is indicated, however, by a flow void on 
color flow images and a lack of vein com
pressibility (discussed later). As thrombus 
ages during the course of the acute period, 
echogenicity increases slightly, but the 
intensity of the echoes remains low and is 
less than that of the surrounding muscle. 
Blood flow persists in veins that are incom
pletely filled with acute thrombus. Even 
when the vein lumen is filled, blood flow 
may be demonstrated in tiny residual chan
nels adjacent to the vein wall (Fig. 24-1B 
and C), producing a "train track" appear
ance. Flow may also be seen within 
the thrombus with recanalization (Fig. 
24-1C). 

Venous Distention 

Recently thrombosed veins are generally 
distended to an abnormally large size and 
are substantially larger than the adjacent 
artery (Fig. 24-1D). The exception to this 
rule occurs if the thrombus is small and 
nonocclusive or if the vein is scarred and 
incapable of dilation. Venous distention is a 
significant finding because it helps to dif-

ferentiate between recently formed throm
bus and older thrombus. In the latter case, 
the vein and artery either are similar in size 
or the vein is smaller than the artery. Dis
tention of the vein persists throughout the 
acute period and into the subacute period. 

Loss of Compressibility 

When thrombus of any age is present, the 
vein lumen cannot be obliterated with com
preSSion. Lack of compreSSibility of the vein 
(Fig. 24-2) is perhaps the single most reli
able finding for differentiating between 
thrombosed and normal veins. Excellent 
results for diagnosing venous thrombosis 
have been reported on the basis of this diag
nostic criterion alone.5-7 It should be noted 
that thrombus can be excluded only when 
compression causes the vein to disappear 
completely. If the vein does not collapse com
pletely, the lumen may be partially filled 
with thrombus. Resistance from surround
ing musculoskeletal structures may prevent 
adequate compression of the vein and may 
result in a false-positive diagnosis of throm
bosis. To judge if compression is adequate, 
look at the adjacent artery. If pressure is suf
ficient to deform the artery substantially, 
the vein should collapse. To confirm your 
impression, attempt compression from 
another transducer pOSition and check for a 
flow void within the vein using color flow 
imaging. 

Free-Floating Thrombus 

The proximal end of an acute thrombus, 
representing the most recently formed 
coagulum, may not adhere to the vein wall, 
and in such cases, the thrombus is said to 
float freely within the lumen. The visuali
zation of free-floating thrombus provides 
unequivocal evidence of acuity. The ultra
sound image of free-floating thrombus 
(Fig. 24-3) is dramatic and frightening, 
for it vividly depicts the potential for embo
lization to the pulmonary circulation. 
Whenever acute thrombus is identified 
sonographically, and particularly when the 
thrombus is free floating, care must be taken 
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FIGURE 24-1 . A, Acute thrombus in the common femoral vein (CFV) is less echogenic than surrounding tissues. 
(In this reproduction, the thrombus is barely visible.) CFA, common femoral artery. B, With color flow imaging, 
blood flow (arrows) is seen around the thrombus. C, Restoration of flow (arrows) is apparent in this l-week-old 
thrombus. D, Marked dilation of acutely thrombosed posterior tibial (PT) veins is apparent. Compare with the pos
terior tibial artery (PTA). 

not to dislodge the thrombus by unneces
sary manipulation. The extent of throm
bosis should be evaluated with as little 
manipulation as possible. Thereafter, the 
patient should remain recumbent and 
quiet. Do not allow the patient to walk or 

to move from the exammmg table to a 
wheelchair! Dislodgement of thrombus 
during ultrasound examination has been 
reported, lO resulting in pulmonary embo
lization, but this appears to occur rarely, as 
discussed in Chapter 25. 
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Doppler Signal Abnormality 

When thrombus of any age substantially 
occludes the vein lumen, Doppler flow 
abnormalities may be detected. Proximal to 
the thrombosed segment (Le., downstream), 
flow augmentation is diminished or absent. 
Distal to a thrombosed segment, flow is 

FIGURE 24-3. Free-floating thrombus. Flowing blood 
surrounds free-floating thrombus (T) within the 
common femoral vein. This thrombus originated in 
the greater saphenous vein and extended into the 
common femoral vein. 

FIGURE 24-2. Lack of compreSSibility. 
Four veins (V) are visible in this illus
tration, but only one collateral vein 
(an-ow) responds to compression. The 
others are filled with thrombus 
approximately 1 week of age. A, 
artery. 

continuous (see Chapter 22) rather than 
phaSiC, and the Valsalva response is dimin
ished or absent. l l  This lack of respiratory 
variation is a particularly important finding 
when seen in the common femoral vein or 
the subclavian vein, as it implies obstruc
tion of more proximal venous segments 
that cannot be examined directly. The 
importance of continuous flow cannot be 
overemphasized. It may provide the only 
sonographic evidence of venous obstruction 
that is of great clinical Significance. 

Venous flow abnormalities occur only 
when the vein lumen is substantially 
blocked by thrombus or other causes, such 
as extrinsic compression. Localized, par
tially occlusive thrombus may not affect 
flow Signals. Flow signals also may be 
normal, or nearly so, if large collateral veins 
circumvent the region of obstruction. 

Collateralization 

Collateral venous channels enlarge rapidly 
during the acute phase of venous thrombo
sis, and these channels are often visible 
during ultrasound examination. The collat
erals may be located either adjacent to the 
thrombosed vein or more distantly. ColI at
erals typically are much smaller than the 
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FIGURE 2�. Collateralization. An extensive network 
of venous collaterals is shown on this contrast 
venogram. The superficial femoral vein is occluded. 

normal vein and often are tortuous or 
braided (Fig. 24-4) . It is important not to 
mistake a collateral for the original vein and 
thereby overlook venous thrombosis. 

Subacute Thrombosis 

The length of the subacute phase is not 
clearly defined. By subacute, I mean that 
thrombus is older than 2 weeks and is 
potentially as old as six months. The tran
sition from recently formed (acute) to sub
acute thrombus occurs gradually, and the 
sonographic abnormalities referable to 
acute thrombosis persist to varying degrees 
into the subacute phase. As unlysed throm
bus ages, the following changes may be 
seen. 1-8 

Increased Echogenicity 

The thrombus gradually becomes more 
echogenic throughout the subacute period 

(Fig. 24-5A and B). Unfortunately, this 
change is variable, and it is not possible to 
determine the age of thrombus precisely by 
means of echogenicity. In my experience, 
thrombus that is several days old may some
times be similar in echogenicity to throm
bus that is weeks or even months old. The 
echogenicity of thrombus is helpful in only 
two circumstances. Anechoic or very poorly 
echo genic thrombus can reliably be diag
nosed as acute and usually is only days old. 
Highly echogenic material, on the other 
hand, represents scar that develops in 
unlysed thrombus. Everything in between is 
undefined with respect to age. 

Decreased Thrombus and Vein Size 

Retraction and lysis may noticeably reduce 
the size of thrombus during the subacute 
period, and this is especially noticeable on 
serial examinations (Fig. 24-SA and B). 
Decreased thrombus size may be evident 
both on short-axis views that show a 
decrease in vein diameter and on long-axis 
views that show a decrease in the linear 
,extent of thrombus. With retraction and 
lysis of thrombus, the vein becomes less dis
tended and returns to a normal caliber. 

Adherence of Thrombus 

Free-floating acute thrombus becomes 
attached to the vein wall during the acute 
period, and thrombus is not free-floating in 
the subacute period. 

Resumption of Flow 

When thrombus retracts and lyses, the 
lumen may be restored to patency and the 
resumption of blood flow is seen with color 
flow imaging (Fig. 24-SC and D) . This does 
not necessarily mean that the vein will 
return to normal, however. Thickened walls 
and reduced vein caliber . are common fol
lowing venous thrombosis, and such 
changes may be permanent. In other cases, 
the vein may remain occluded. 
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FIGURE 24-5. Changes in throm
bus with time (long- and short
axis views). A, One-month-old 
thrombus within the popliteal 
vein (pY, arrows) is moderately 
echogenic, and the vein is sub
stantially larger than the popli
teal artery (PA). B, At 4 months, 
thrombus echogenicity is un
changed, but the size of the 
popliteal vein (arrows) has de
creased and is about equal to the 
popliteal artery. C, At 1 1  months, 
substantial recanalization of the 
vein lumen (L) is evident in 
the popliteal vein (arrows). D, At 
18 months, an echogenic area of 
scar (arrows) is all that remains 
at the site of popliteal vein 
thrombosis. 
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Collateralization 

Collateral venous channels (see Fig. 24-4) 
continue to enlarge during the subacute 
phase and may become increasingly 
obvious sonographically. 

The Chronic Phase 

As noted in Chapter 22, the term chronic 
thrombosis is a misnomer: The proper term 
is chronic post-thrombotic scarring. Whereas 
chronic is not defined with respect to venous 
thrombosis, you could consider it to mean 
longer than 6 months after the acute 
episode. By this time, thrombus that has not 
lysed has been invaded by fibroblasts and is 
in the process of becoming organized as 
fibrous tissue that will persist indefinitely. 
Complete lysis of venous thrombus occurs 
in only about 20% of cases. 12 It is not sur� 
prising, therefore, that persistent abnormal
ity is observed sonographically in many 
patients who have suffered venous throm
bosisY The following abnormalities may be 
seen in the chronic phase. 1,4,8, 13-15 

Wall Thickening 

Diffuse thickening of the vein wall (Fig. 
24-SD and Fig. 24-6A) is a common chronic 
finding following venous thrombosis. The 
thick-walled, scarred vein also is reduced in 
caliber, and flow may be obstructed if the 
vein is small. The echogenicity of the thick-' 

ened vein wall is variable but typically is less 
than that of muscle. 

Echogenic Intraluminal Material 

In many cases, post-thrombotic fibrous scars 
produce focal plaquelike areas along the vein 
wall that project into the vein lumen, as 
shown in Figure 24-6B. These areas may be 
quite echogenic (Le., more echogenic than 
the adjacent muscle). In some cases, calcifi
cation may be present that produces focal 
strong reflections and acoustic shadows. 

Another manifestation of chronic venous 
scarring is the formation of web like syne
chiae that project into the vein lumen 

(Fig. 24-6C and D) . Synechiae are formed 
from un lysed thrombus that is attached 
only along one side of the vein. The throm
bus is gradually transformed into a fibrous 
band attached in the same location as the 
thrombus from which it arose. 

Fibrous Cord 

If the vein lumen does not recanalize but 
instead remains substantially narrowed or 
occluded, the vein may be reduced during 
the chronic period to an echogenic cord of 
much smaller diameter than a normal vein. 
A tiny residual lumen, or no lumen at all, 
may be present. In some cases, the scarred 
vein may disappear from view sonographi
cally. It seems that one determinant of 
whether a vein recanalizes is the degree of 
adhesion of the thrombus to the vein wall. 
If the thrombus is adherent around its entire 
circumference, recanalization must occur in 
the center of the vessel. Unlysed residual 
thrombus subsequently is converted to a 
thickened fibrous vein wall, and the vein 
size is permanently reduced, as seen in 
Figure 24-6A. If recanalization does not 
occur in cases of diffusely adherent throm
bus, the vein becomes a fibrotic cord. Alter
natively, if the thrombus is attached only 
along one side of the vein, the lumen is 
more readily reestablished as the unlysed 
thrombus is converted to fibrous tissue only 
along the side where the thrombus adheres, 
as shown in Figure 24-6C and D. 

Valve Abnormality 

Thrombus is thought to commonly ongl
nate in the vicinity of valves. Considering 
this location and the fact that incomplete 
lysis and subsequent fibrosis are the rule, it 
is not surprising that valve damage is a fre
quent sequela of venous thrombosis. Valve 
damage is manifested by thickening of the 
cusps, adherence of the cusps to the vein 
wall, restricted cusp motion (Fig. 24-7), and 
failure of apposition of the cusps in the 
center of the vessel. The physiologic con
sequences of valve damage are reflux and 
perSistent venous stasis that results from 
reflux-induced back-pressure. Valvular re-
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B 

flux is evident on the color flow image, in 
the audible Doppler signal, and on the 
Doppler spectrum display. Reflux may result 
in varicosities, which are abnormally large 
and tortuous veins; chronic edema; skin 
thickening and discoloration; and skin 
ulceration. Ultrasound assessment of these 
and other aspects of venous insufficiency is 
covered in detail in Chapter 26. 

Doppler Flow Abnormalities 

In addition to venous reflux, other Doppler 
flow abnormalities may be encountered 
with chronic venous thrombosis because of 
venous obstruction. These are lack of spon
taneous flow, lack of phasicity, absence of 

FIGURE 24-6. Chronic sequelae of venous 
thrombosis. A, Diffuse wall thickening 
(arrows) of up to 4 mm is seen in this 
popliteal vein. The appearance was stable 
over a 3-year period. B, Plaquelike scars 
(annws) are present 2 years after an episode 
of thrombophlebitis. C and D, Weblike scars 
called synechiae (arrows) are shown in 
long- and short-axis views. (Images are from 
different patients, each about 1 year post
thrombophlebitis.) 

the Valsalva response, and subnormal or 
absent augmentation. l l  

SUPERFICIAL VERSUS DEEP 
VENOUS THROMBOSIS 

It is important to differentiate between 
superficial and deep venous thrombosis 
(DVT). With superficial thrombosis, a pal
pable cord may be readily apparent in the 
subcutaneous tissues. On ultrasound exam
ination, this cord reveals typical findings of 
venous thrombosis (Fig. 24-8) . In the upper 
extremities, it is important to examine both 
the superficial and deep venous systems 
sonographically. In the lower extremity, 
however, the deep system is the primary 
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FIGURE 2�-cont/d. See legend C 
opposite. 

FIGURE 24-7. Immobile, or stuck, valve 
cusps (arrows) are embedded in recently 
formed thrombus, which is barely visible on 
this reproduction. 
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subject of ultrasound examination, and the 
superficial system is examined in detail only 
when symptoms or signs suggest thrombo
sis of this system. 

Only supportive therapy is generally nec
essary when thrombus is confined to the 
superficial veins of the lower extremity. This 
is because there is risk of pulmonary 
embolization only when thrombus is 
present near the attachment of the greater 
or lesser saphenous veins to the deep system 
or when thrombus actually extends into 
the deep system from the saphenous 
veins. Superficial venous thrombosis can, 
however, be of clinical importance as a 
source of stasis problems and varicocities 
that can result from chronic superficial vein 
occlusion or valve damage. 

DIAGNOSTIC PITFALLS 

This section represents a catalog of mistakes 
or near-mistakes that we have made in the 
course of ultrasound venography. Fortu
nately, we have learned to avoid most of 
these errors through years of experience. 

Suboptimal Image Quality 

When the quality of the color flow image is 
suboptimal, it may be possible to confirm 
venous patency grossly, but nonocclusive 
thrombi cannot be excluded. Some of the 
factors that affect image quality are beyond 
the sonographer's control, such as obesity 

FIGURE 24-8. An acutely thrombosed super
ficial vein (SV) is visible just below the skin. 
This vein communicates with a patent per
forator vein (P) . 

and soft-tissue edema, but many factors can 
be controlled by the sonographer, including 
the use of transducers with proper frequency, 
attention to instrument settings, and efforts 
to attain image planes that clearly delineate 
the veins. It is noteworthy that one of the 
reporting requirements of the vascular lab
oratory accrediting organizations listed in 
Chapter 23 concerns the quality of the exam
ination. Venous ultrasound reports should 
clearly indicate the areas adequately visual
ized and should state whether technical 
problems, such as poor visualization, limit 
the diagnostic potential of the examination. 

Compression Difficulties 

The iliac veins cannot be examined with 
intermittent compression due to interfer
ence from abdominal contents. The adduc
tor segment of the superficial femoral vein 
usually cannot be compressed due to resist
ance from the surrounding muscles. In addi
tion, the proximal calf veins are difficult to 
compress in many patients because of mus
cular resistance. Compression difficulties 
can lead the unwary to a false-positive diag
nosis of venous thrombosis, but this can be 
avoided with color flow demonstration of 
venous patency. 

Mistaken Identity 

Serious errors may occur if veins are 
misidentified. I have seen the long saphe-
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nous vein mistaken for the superficial 
femoral vein, the cephalic vein mistaken for 
the axillary vein, and the basilic vein mis
taken for the brachial vein, as well as cases 
of mistaken vein identity in the calf. 
Misidentification of veins usually occurs 
when the technologist is inexperienced, 
when the technologist does not pay proper 
attention to venous anatomy, or when a 
large collateral is visualized and the 
occluded vein is overlooked. To prevent 
errors of identity, always locate and document 
major anatomic landmarks that confirm the 
identity of veins. (These landmarks have 
been described in preceding chapters.) In 
the deep system, be mindful that arteries 
should always be seen adjacent to the veins. 

Duplication 

Unrecognized venous duplication may be a 
source of diagnostic error when the patent 
member of the duplicated pair is identified 
and the occluded member is not. Venous 
duplication (Fig. 24-9) should be suspected 
in areas where duplication is common 
(brachial, superfical femoral, popliteal), 
when the visualized vein is smaller than 
normal (it is smaller because it is half of a 
pair), and whenever the location of a vein 
is atypical. 

FIGURE 24-9. Duplicated superficial femoral vein 
(SFV). The main portion of the SFV is occluded by 2-
month-old thrombus, but the vein is duplicated and 
the other branch (arrow) is patent. SFA, superficial 
femoral artery. 

Assessment of Thrombus Age 

Thrombus that is extremely fresh (a few 
days old) is easily recognized as acute on 
ultrasound examination because it is an
echoic or poorly echogenic. Chronic, post
thrombotic scar that is years old also is 
readily identified by its strong echogenicity. 
Between these extremes, the age of throm
bus can be only broadly approximated. A 
practical approach to this problem is to 
always ask, "Does the appearance of throm
bus correlate with the duration of the 
patient's symptoms?" The sonographic find
ings should be reported along similar lines; 
e.g., "moderately echogenic thrombus is 
present, consistent with a 2-week history of 
leg swelling." Even though the age of 
thrombus cannot be determined precisely 
with ultrasound, it is often possible to cor
relate its appearance with the duration of 
symptoms. 

Recurrent Deep 
Venous Thrombosis 

The residua of preceding episodes of DVT 
pose a Significant limitation for ultra
sound examination, because subacute or 
chronic vein wall thickening may mimic 
acute thrombosis. In a follow-up study of 
patients with DVT, Cronan and Leen13 
found perSistent thrombus or wall thicken
ing in 53% of extremities examined 6 to 3 1  
months after the acute thrombotic episode. 
Furthermore, in many of these cases, it 
would not have been possible to differ
entiate between chronic abnormalities 
and those associated with more recent 
thrombosis. 

In patients with prior venous throm-. 
bosis, an important indication that throm
bosis is new is its detection in previously 
unaffected portions of the venous sys
tem. Unfortunately, one can recognize 
new thrombus in this way only if a good 
"road map" exists of the preceding episode 
of thrombosis, as illustrated in Figure 
24-10. It is important for the technol
ogist to accurately depict the location of 
thrombus on this road map. Of partic
ular value is a post-treatment road map 
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FIGURE 24-1 0. Thrombosis "road maps." Diagrams showing the extent of thrombus are made routinely in our 
department. In this hypothetical example, A shows the initial extent of thrombus, and B shows the extent of 
organizing thrombus at the end of anticoagulant therapy. 

obtained 3 to 6 months after an episode 
of DVT, showing areas that are or are 
not patent and the locations of unlysed 
thrombus. 

We do not have the benefit of a post
therapy baseline in many patients who 

present with recurrent DVT, because they 
were treated previously in other institu
tions. And even when we have a baseline, 
we sometimes cannot differentiate between 
old and new thrombus. In such cases, we 
are forced to resort to contrast venog-
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B 
FIGURE 24-1 O-cont' d. See legend opposite. 

raphy, which also may be of limited diag
nostic value in patients with recurrent 
DVT. Magnetic resonance venography 
has yet to be proven of value in differ
entiating between recent and remote 
thrombus. 

Improper Use of the Color 
Flow Image 

Color flow scanning is a valuable asset in 
venous imaging, but it may be a source of 
misdiagnosis if used improperly. If the 
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sensitivity or gain levels of the Doppler 
image are set too high, color "blooming" 
occurs, . causing the flow information to 
bleed into the B-mode image. Small or 
even moderately sized thrombi may be 
obscured by blooming. Conversely, false
positive diagnosis of thrombus may occur if 
spurious flow voids are generated by an 
improper gain setting, an inadequate 
Doppler angle, or the use of the wrong 
velocity range. 

Poor Venous Distention and 
Reduced Flow 

The final pitfall to be considered is sub
optimal venous distention. We have occa
sionally encountered patients without 
prior venous disease who were ideal candi
dates for ultrasound venography, yet visual
ization of the calf veins was extremely 
limited because of small vein caliber. This 
problem may be caused by vasoconstriction, 
which may result from an excessively cool 
examining room or a lack of dependency of 
the limb. In other instances, the lack of 
venous distention may be a result of hypo
volemia. In still other instances, we have 
no explanation for the lack of venous 
distention. 

The sonographer should do everything 
possible to distend the leg veins. Examina
tion in a sitting position can be especially 
helpful for distending the calf veins. 

REPORTED ACCURACY 

Iliofemoral and 
Popliteal Regions 

A large volume of data is available that 
attests to the accuracy of ultrasound for 
diagnosiS of DVT in the iliofemoral and 
popliteal areas.3-8,14,16-22 These data leave 
little or no doubt that sonography of the 
femoral and popliteal veins is highly reli
able in symptomatiC patients. Sensitivity 
and specificity for acute symptomatic DVT 
exceed 90% in most studies and approach 
100% in some series. 

Calf Veins 

Sonography is also highly accurate for the 
diagnosis of acute calf venous thrombosis 
in symptomatic patients, when the calf veins 
can be seen adequately. In this circumstance, 
sensitivity and specificity are reported to 
exceed 90%.4,8,21-23 The term adequate visual
ization is of great importance, however. In 
our patient population, all three pairs of calf 
veins can be seen adequately in only about 
60% of patients, which is similar to success 
rates reported by others in the medical lit
erature (range, 600/0--90%).8,23-26 Further
more, it seems that visualization rates are 
population dependent. In spite of ultra
sound instrument improvement over the 
past 15  years, our success rate for calf vein 
visualization has not changed appreciably. 
The use of intravenously administered ultra
sound-enhancing agents (see Chapter 4) 
appears to substantially enhance calf vein 
visualization and reduce the number of 
indeterminate examinations,26 but these 
agents are expensive and presently are not 
available in the United States. 

It is well documented that the diagnostiC 
results of calf vein sonography are poor 
when visualization is inadequate. However, 
the good news is that the specificity and 
positive predictive value of sonography are 
high, even in patients with poor visualiza
tion.27-35 This means that when veins will 
not compress, or when you see thrombus 
directly, you can be confident of your 
diagnosis, and further studies are not 
needed. 

Results in Asymptomatic 
Patients 

It must be emphasized that the excellent 
published results for venous sonography 
refer principally to symptomatic patients. 
Subsequent to the glowing initial reports, it 
was noted that sonography was generally 
less accurate in asymptomatic patients than 
in symptomatic individuals.24,27-35 Sono
graphic accuracy seems to be particularly 
poor in postoperative joint replacement 
patients, in whom sensitivity ranges from 
25% to 77% overall and from 11% to 54% 
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for calf vein thrombi.21,22,27-35,* Furthermore, 
the results of recently published articles are 
no better than those published in the late 
1980s and early 1990s. 

There are three main reasons that ultra
sound results are relatively poor in asymp
tomatic patients.36-38 First, small, localized, 
non occlusive thrombi are more prevalent in 
asymptomatic patients, as compared with 
symptomatic individuals, who tend to have 
large, segmental thrombi (e.g., the entire 
superficial femoral vein). Second, in some 
asymptomatic patient populations, the 
prevalence of isolated calf vein thrombosis, 
which is inherently difficult to detect, is 
substantially greater than in symptomatic 
patients. (This has not been observed uni
versally.39,40) Because the examination 
success rate in the calf is relatively poor, the 
sensitivity for isolated calf vein thrombus is 
reduced accordingly. Finally, the clarity of 
vein visualization may be poor in certain 
asymptomatiC cohorts, such as postopera
tive orthopedic patients who have consid
erable leg edema. 

The bright side of ultrasound examina
tion in asymptomatiC patients is a high level 
of specificity. I have yet to read a published 
study with an ultrasound specificity of less 
than 90%. As noted previously, this means 
that when you see acute thrombus, you can 
be confident in your diagnosis. It also 
means that the use of ultrasound as an 
initial examination tool for asymptomatic 
patients has merit. If thrombus is seen, then 
treatment may be initiated. If not, it may be 
advisable to proceed to other studies, such 
as contrast venography. 

Upper Extremity Veins 

The use of ultrasound venography in the 
upper extremities has increased sub
stantially during the past decade, largely 
due to more frequent uses of indwelling 
upper exteremity catheters for intravenous 
therapy. Such catheters are a significant risk 
factor for thrombophlebitis. In hospitalized 
children, thrombosis occurs more com-

'The exception is a report of 92% sensitivity for asymp
tomatic calf vein thrombi.24 

monly in upper extremity veins than in 
lower extremity veins.41,42 

Although the overall incidence of upper 
extremity venous thrombosis remains 
low in hospital patients « 1/1000 patients), 
the incidence is high in patients with upper 
extremity symptoms, such as pain and 
swelling.41 ,43,44 In these patients, throm
bophlebitis is found to be the cause in about 
40% of cases.43 

Fortunately, ultrasound is a very effective 
means of diagnosis of symptomatic upper 
extremity venous thrombosis, with reported 
sensitivity and specificity in the range of 
82% to 100%.45.46 Furthermore, the great 
majority of upper extremity venous exami
nations are technically successful in our 
experience and in that of othersY 

The bad news about upper extremity 
venous sonography potentially concerns 
asymptomatic patients, in whom there 
appears to be a large problem with false
negative examinations. An article by Male 
and colleagues42 reports only 35% sensitivity 
for ultrasound detection of asymptomatiC 
thrombi in pediatric patients as compared 
with contrast venography. Almost all of the 
undetected thrombi were nonocclusive and 
located in the central veins or superior vena 
cava, where sonographic visualization was 
not possible. Although this is only one report 
based on a specific patient population, 
caution is advised in the use of sonography 
to search for asymptomatic upper extremity 
thrombosis. 

VENOUS ULTRASOUND 
CONTROVERSIES 

Over the years that venous sonography has 
been used clinically, a number of contro
versial issues have arisen regarding the 
clinical applications of this diagnostic tech
nique. These important controversies are 
addressed in Chapter 25. 
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Chapter 
25 

Controversies in 
Venous Ultrasound 

Practice patterns in the past decade have 
defined venous ultrasound as the initial 
diagnostic modality to assess for deep 
venous thrombosis (DVT) . There are many 
unexplored ideas and also very novel con
cepts that have developed as venous ultra
sound has become universally utilized. This 
chapter reviews new, and sometimes con
troversial, principles that are integral to 
understanding and utilizing venous ultra
sound in clinical practice. 

THE ROLE OF THE UNILATERAL 
VENOUS ULTRASOUND 
EXAMINATION IN THE PATIENT 
WITH UNILATERAL SYMPTOMS 

In the era of venography, when the radiol
ogist was requested to evaluate a patient for 
acute DVT, only the leg in question was 
studied. 1  Because of the risk of reactions to 
intravenous contrast material and the inva
siveness of venography, the asymptomatic 
leg was not studied. Historically, non
invasive vascular laboratories employing 
plethymsography routinely evaluated both 
the symptomatic and the asymptomatic 
leg. These laboratories, which are usually 
directed by surgeons, not radiologists, uti
lized the information obtained from the 
asymptomatic leg as a frame of reference to 
help diagnose any thrombus that might be 
present in the symptomatic leg. Following 
the introduction of venous ultrasound, 
radiologists continued to evaluate only the 
symptomatic leg. Alternatively, many vas
cular laboratories, which had developed a 
pattern of noninvasively evaluating both 

the symptomatic and the asymptomatic leg, 
continued this practice as the transition 
occurred from plethysmography to venous 
ultrasound. 

Contemporary reports in the literature 
regarding the need to evaluate the asymp
tomatic leg are conflicting. Of interest, until 
1995, a Correct Procedural Terminology 
(CPT) code existed only to evaluate bilateral 
lower extremities. In 1995, a code for a uni
lateral or limited examination of the leg was 
provided (CPT 93971) .  Also in 1995, the 
Intersocietal Commission for Accreditation 
of Vascular Laboratories (ICAVL) acknowl
edged the need for limited unilateral studies 
with the publication of revised guidelines. 
Up until that modification, the Intersocietal 
Commission for Accreditation of Vascular 
Labor had indicated that an examination of 
a symptomatic extremity also required a 
study of the asymptomatic leg. 

Controversy exists regarding the impor
tance and frequency of finding thrombus in 
the asymptomatic leg.2,3 Historically, the 
literature has indicated that the asympto
matic leg does not harbor thrombus. More 
recently, articles have been published 
suggesting that thrombus can be found in 
the asymptomatic leg, but the frequency of 
this finding in a patient with a negative 
evaluation of the symptomatic leg occurred 
in less than 1% of cases. 1,4-6 Certainly, 
finding thrombus in the asymptomatic leg 
of a patient with thrombus in the sympto
matic leg will not alter treatment. The like
lihood of finding thrombus solely in the 
asymptomatic leg is between 0% and 1%. I 
suggest that this low frequency of thrombus 
does not justify a routine evaluation of the 
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asymptomatic leg in a patient presenting 
with a symptomatic extremity. 

BILATERAL SYMPTOMS: THE 
ROLE OF THE BILATERAL 
VENOUS EXAMINATION 

As discussed previously, the situation of a 
patient presenting with bilateral lower leg 
swelling or bilateral leg pain would have 
been handled in the era of venography with 
reevaluation of the patient or, more likely, 
with a contrast venogram of only one 
extremity. It has been suggested that most 
of these patients have cardiac disease or 
peripheral vascular disease as the dominant 
cause of their swelling.6 However, a recent 
article presents an alternative opinion, sug
gesting that a significant percentage of these 
patients harbor lower extremity venous 
thrombus.5 

Certainly, the important factor to con
sider is the subgroup of patients with bilat
eral swelling who would be risk factors. 1  If 
a patient has a significant underlying risk 
for DVT, such as malignancy, then the 
bilateral examination should be performed. 
If there are no risk factors for DVT, the 
first assumption should be that the patient 
has heart disease or underlying peripheral 
vascular disease as the cause of the bilateral 
leg swelling. The probability of finding 
thrombus in the leg is related to the pres
ence of risk factors for DVT. In the absence 
of any risk factors for DVT, it is unusual 
to find extremity thrombus. It has been 
stated that the majority of patients with 
DVT have one or more recognized risk 
factors.7 

THE EXTENT OF THE 
ULTRASOUND EXAMINATION: 
HOW MUCH NEEDS TO BE 
STUDIED? 

Proper technique for ultrasound evaluation 
of the vein, as stated both in the American 
College of Radiology standards in 1993 
(revised in 2001) and by the Intersocietal 
Commission for Accreditation of Vascular 

Laboratories, indicates that a patient with a 
symptomatic extremity should be evaluated 
from the level of the inguinal ligament to 
the popliteal fossa in as continuous a 
manner as possible (Fig. 25-1) .8 

Recently, it has been demonstrated that 
symptomatic patients have lengthy thrombi 
involving one or more venous segments.9, lO 
Symptomatic thrombus involves multiple 
venous segments and is different from that 
which develops in the asymptomatic high
risk patients, in whom thrombus often 
develops focally on valve cusps in the calf. l l  
This observation was demonstrated on ret
rospective review of venograms and has 
been confirmed in our ultrasound lab
oratory. We demonstrated that in ap
proximately 99% of symptomatic cases, 
evaluation of the femoral or popliteal vein, 
employing the "two-point" compression 

Traditional 
examination 

FIGURE 25-1 . Topographic delineation of the lower 
extremity venous system as examined in routine 
evaluation. 
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technique, would detect thrombus that 
extends above the knee. This two-point 
evaluation requires only examination of the 
common femoral and popliteal venous 
areas (Fig. 2S-2)Y 

This very abbreviated study detects a 
high percentage of cases with DVT. The 
overall decrease in the examination time is 
slightly in excess of SO%. The potential of 
the two-point technique has been con
firmed by others who have demonstrated 
that approximately 9S.4% of thrombus 
would be detected using a two-pOint com
preSSion technique. 13 Obviously, there 
is some degree of compromise with the 
two-point technique, balancing simplicity 
versus accuracy. This limited-compression 
technique is not the accepted standard but 
would have utility in the emergency 
department or when evaluating the patient 
with extremely restricted mobility. When 

Limited 
examination 

FIGURE 25-2. Proposed "two-point" lower extremity 
venous evaluation. 

unable to evaluate the entire leg, this "two
point" technique provides a high degree of 
certainty. 

SIGNIFICANCE OF A NEGATIVE 
ULTRASOUND EXAMINATION 

Evidence exists that a negative compression 
ultrasound study of a symptomatic lower 
extremity, employing complete evaluation 
of both the femoral and popliteal veins, pro
vides sufficient validation to withhold anti
coagulation.4,14 The need for any follow-up 
studies in these cases is somewhat less well 
defined, but the evidence suggests that if 
the patient remains symptomatic, a repeat 
study of the lower extremity should be 
performed 3 to S days after the initial 
examination. In rare cases, small focal calf 
thrombi might propagate upward in this 
time frame and cause symptoms. As will be 
mentioned in the next section, the poten
tial for direct evaluation of the calf veins 
needs to be considered as a more direct 
approach to immediate diagnosis. 

CALF VEIN THROMBOSIS 

The clinical acceptance of venous ultra
sound as a diagnostic technique in the 
evaluation of the symptomatic patient 
occurred based on clinical series that did 
not attempt direct evaluation of calf veins. 
The initial reports and literature were based 
only on evaluation of the femoral and 
popliteal veins. It was with this examina
tion format that the compression ultra
sound examination was acknowledged as 
clinically usefu1. 1S Although calf thrombi 
are common, they rarely cause clinical prob

. lems and usually do not produce extensive 
clinical symptoms. 

Eighty-eight percent of calf thrombus 
occurs in the asymptomatic patient, and 
this accounts for SO% of thrombi in the 
asymptomatic population. Similarly, the 
presence of calf thrombus is unlikely to lead 
to clinically significant pulmonary embolus 
(PE) . 1 6  As pOinted out by Moser and 
LeMoine, 17 patients with calf thrombus are 

1469! 
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unlikely to have signs or symptoms of PE. 
Pulmonary embolism that originates from 
the calf is usually asymptomatic. Alterna
tively, patients with above-knee thrombus 
have PE in more than 50% of cases, despite 
the fact that they may not have any signs 
or symptoms of this phenomenon and 
evidence of PE is detected only on ven
tilation/perfusion scans or pulmonary 
arteriograms.1S--20 

If thrombus is isolated to the calf veins, it 
is perceived that upward propagation into 
the popliteal veins eventually occurs in 
approximately 20% of casesY-23 The poten-

c D 

tial exists to detect this propagating throm
bus when it enters the popliteal veins if 
serial studies are performed at 3- to 5-day 
intervals (Fig. 25_3) . 16 However, based on 
technical success in evaluating the calf 
veins, there has been an impetus to employ 
direct evaluation of the calf veins, which is 
now technically possible. This permits the 
diagnosis or exclusion of calf thrombus on 
the day of clinical presentation. Clinical 
series have suggested that ultrasound evalu
ation of the calf veins in both the sympto
matic and the asymptomatic patient is as 
accurate as evaluating above-knee veins.24 

FIGURE 25-3. Propagation of calf vein thrombus. Long-axis (A) and short-axis (B) views of a distended, thrombus
filled gastrocnemius vein (aITows). The popliteal and femoral veins were normal. C, Compression of the popliteal 
(POP) vein (arrow) 12 days later demonstrates the presence of acute thrombus. D, The femoral (FEM) vein (arrow) 
now is also filled with thrombus, which has propagated upward from the calf. 
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Therapeutic management of patients with 
documented calf thrombus is debatable. 
Some suggest that observation of the throm
bus with serial ultrasound studies is all that 
is necessary. A second examination, per
formed at 3 to 5 days from the baseline 
study, detects upward propagation of 
thrombus into the popliteal system, and if 
this occurs, treatment begins. However, 
there is now convincing evidence that calf 
thrombus does contribute to subclinical 
pulmonary embolism.17-2o . 

. Another issue that may strongly endorse 
the importance of evaluating the calf veins 
and treating calf thrombus relates to the 
development of chronic venous insuffi
ciency. Most venous valves are located 
below the knee. If thrombus develops in the 
calf area, this could lead to destruction of 
the valves and initiate chronic venous insuf
fiCiency. Therefore, logic strongly endorses 
direct evaluation of the calf veins to search 
for thrombus. Detection of thrombus 
permits treatment to be initiated so that the 
extent of valve destruction in the calf veins 
is minimized. 

This belief that calf thrombus does 
embolize and produces valve destruction is 
a forceful argument to support early diag
nosis and treatment of thrombus isolated to 
calf veinsy-24 If a patient has signs or symp-

A B 

toms of calf thrombus, venous ultrasound 
of the calf should be performed.2s Detection 
of thrombosis in the deep calf veins should 
prompt initiation of treatment. 

COMPRESSION ULTRASOUND 
CAUSING PULMONARY 
EMBOLUS 

Compression ultrasound has always had the 
potential to break off thrombus in the 
femoral vein and lead to pulmonary 
embolization. While this has been a theo
retical consideration, only recently have 
several reports surfaced noting that patients 
who had diagnostiC compression ultra
sound were subsequently found to have 
developed PE.26,27 The temporal relationship 
of the ultrasound examination to the actual 
occurrence of PE is somewhat uncertain. 
This is particularly noteworthy given the 
fact that patients with above-knee DVT 
have clinically unsuspected PE in greater 
than 50% of cases.14 It should be noted that 
the risks of compression ultrasound are 
quite small if one takes care to avoid exces
sive venous compression and manipula
tion of the vein beyond that which is nec
essary for diagnosiS. When concerns are 
raised about the risk for causing PE, the 

FIGURE 25-4. Short-axis (A) and long-axis (B) views showing free-floating thrombus (arrows) in the femoral vein 
at the level of the saphenous vein inflow (5). Caution should be exercised when applying compression to the veins. 
A, femoral artery. 
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scenario typically involves free-floating 
thrombus in the upper femoral vein (Fig. 
25-4), which is at particularly great risk of 
embolization. 

DVT IN OCCULT MALIGNANCY 

Trousseau's sign concerns hypercoagulabil
ity associated with cancer and is based on 
the finding of spontaneous venous throm
bosis in patients with underlying malig
nancy. When patients present with DVT 
and have no known risk factors, there is an 
underlying concern that they may indeed 
have an occult malignancy. Several pub
lished series have looked at this issue and 
observed a 10% to 34% incidence of cancer 
developing in patients who lack any appar
ent cause for thrombosis.28-31 The contro
versy regarding the actual percentage of 
patients with underlying malignancy is less 
important. The real issue is that all sources 
support a causal relationship. DVT associ
ated with malignancy tends to be much 
more extensive and aggressive than DVT in 
the nonmalignant setting.32 The clinical 
examination demonstrates an extremity 
that is very swollen and painful (Fig. 25-5).  

Controversy also exists regarding whether 
a diagnostic workup should be initiated fol
lowing documentation of DVT in a patient 
without risk factors (Fig. 25-6). There is evi-

FICURE 25-5. Malignancy-induced venous thrombosis 
is often associated with extreme leg swelling and a 
tense appearance. 

dence to indicate that a workup searching 
for occult malignancy is not cost effective 
and that the cancers are already meta
static.33 Alternatively, there is an opinion 
that an aggressive workup is warranted in 
these situations.34,35 Patients with DVT 
related to Trousseau's syndrome usually 
clinically manifest the cancer within 1 to 2 
years. Malignancies associated with venous 
thrombosis typically arise in the breast, the 
gastrointestinal or genitourinary tracts, the 
lung, and the brain. Of note, if a patient 
presents with recurrent episodes of DVT 
and has no known risk factors, the risk of 
an underlying malignancy is markedly 
increased.34 

ULTRASOUND FOR THE 
ASSESSMENT OF PULMONARY 
EMBOLUS 

Clinicians have developed a reluctance to 
perform pulmonary angiography to confirm 
or exclude the presence of PE. The workup 
of PE, therefore, often terminates follow
ing an indeterminate ventilation/perfusion 
(V /0) lung scan result. After a ventila
tion/perfusion scan, 75% of patients fail to 
fit into a normal- or high-probability cate
gory for PE, and thus, the potential for PE 
remains uncertain.36,37 Because the majority 
of PEs are felt to originate from the lower 
extremity, a teleological assessment employ
ing noninvasive venous imaging to clarify 
an indeterminate lung scan or to confirm 
that a clinical impression of PE has then 
been utilized.38 By establishing the presence 
of thrombus in the lower extremity, ade
quate therapy could be initiated, as the 
treatment for DVT and PE is essentially the 
same (Le., anticoagulation) . However, it has 
been observed for several decades that even 
when bilateral venography is employed, 
nearly a third of patients who have docu
mented PE will not demonstrate any throm
bus in the lower extremities.14 Hence, a 
negative lower extremity venous ultrasound 
study cannot exclude PE. This is an important 
concept to convey to the clinician, as he 
or she should not terminate consideration 
of PE based on a negative noninvasive 
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c E 
FIGURE 25-6. A patient without a known history of malignancy presents with a tensely swollen extremity, which 
demonstrates occlusion of all the veins. A, The popliteal (POP) vein (V) is markedly distended with occlusive throm
bus. B, Pulsed Doppler indicates absence of flow in the popliteal vein. C and D, Likewise, the entire femoral (FEM) 
vein (V) is occluded by thrombus. E, CT image obtained several days after the venous examination demonstrates 
a S-cm pancreatic tail mass (arrow). This was biopsied and yielded adenocarcinoma of the pancreas. 

study if there is a strong clinical suspicion 
for PE. Similarly, the value of employing 
lower extremity venous ultrasound in the 
absence of leg symptoms, to diagnose PE, is 
questionable.39-41 

The venous ultrasound examination of 
the lower extremity in a setting of possible 
PE should be focused. In the absence of any 
symptoms or signs in the lower extremities, 
only the femoral-popliteal system needs 
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FIGURE 25-7. Pulmonary thromboembolus. A middle-age man presented with leg pain and swelling. Ultrasound 
(not shown) demonstrated acute thrombus in the right femoral vein. A, The onset of chest pain the same day led 
to CT pulmonary angiography, which confirmed pulmonary embolization (arrowheads). B, This reformatted coronal 
CT image shows acute thrombus in the right pulmonary artery (arrowhead). 

to be evaluated. As discussed in the calf 
section, symptomatic PE from calf throm
bus is very rare. Also, asymptomatic legs 
rarely harbor thrombus. 

A recent proposal has been to employ 
spiral computed tomography (CT) in the 
workup of PE and to complement pul
monary contrast spiral CT with com
pression ultrasound (Fig. 25_7).42,43 The 
suggestion has been made that if a pa
tient presents with symptoms of DVT and 
PE, ultrasound of the lower extremities 
should be obtained first. If the test is 
positive for thrombus, treatment for ven
ous thromboembolic disease should be 
initiated. A negative venous ultrasound 
study would permit anticoagulation to be 
withheld. Alternatively, if the patient 
presented with symptoms of PE, a multi
detector CT scan would be done ini
tially; if that test's results were negative, 
ultrasound could then be done to deter
mine whether there was thrombus in the 
lower extremities. Either a multidetector 
CT scan demonstrating pulmonary artery 
thrombus or compression ultrasound dem
onstrating lower extremity DVT would 
permit treatment to be started. Negative 
studies would permit anticoagulation to be 
withheld.44 

There is clearly a move to reassess the 
diagnostic methods of evaluating for PE. 
This new approach, using multidetector CT 
and compression ultrasound, indicates that 
clinicians are searching for an alternative to 
pulmonary angiography and to the ventila
tion/perfusion scan. 

CONFUSING TERMINOLOGY 

Proper anatomic terminology in the 
venous system is important because 
many primary care phYSicians misconstrue 
examination reports generated by radiolo
gists. Radiologists have often identified the 
veins distal to the common femoral as the 
"deep femoral vein" and the "superficial 
femoral vein." This can create confusion, 
as the superficial femoral vein is actually ' a 
component of the deep venous system. A 
thrombus in this location reqUires treat
ment. When this venous segment is labeled 
as "superficial," a clinician unfamiliar with 
the terminology might assume that it is 
not an important vein (because it is a 
superficial vein) and decide not to initiate 
tr¢atment. 

The suggestion has been made that the 
femoral vein be called the femoral vein 
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Greater / 

Superficial 
ci rcumflex 

i l iac v. 

Obturator v. -+-+----',-..q"� 

Superficial 
gastric v. 

saphenous v. ( Deep 
Superficial external 
pudendal v. and 
plexus Femoral v.-r-::Hl f-A;.:::�Deep femoral v. 

Communicating v. 

A 

Lesser 
saphenous v. 

femoral v.---+:..,,:.....,-+-I 

Femoral v. 

saphenous v. 
saphenous v.  -+-�'r--l;:;UL 

B 
FIGURE 25-8. Correct terminology. Avoid reference to the femoral vein as "superficial. "  Lateral (A) and anterior 
(B) lower extremity views illustrating preferred terminology. 

throughout its length (Fig. 25_8) .45 A per
missible alternative is to refer to that 
portion of the femoral vein below the 
inguinal ligament and prior to the bifurca
tion as the common femoral vein. This is 
certainly worth pondering, as it would 
be unfortunate for a casual definition of 
venous anatomy to prevent a patient from 
being appropriately treated. 

RISK FACTORS FOR DEEP 
VENOUS THROMBOSIS 

Our knowledge regarding the causation of 
DVT is expanding, revealing our initial 
ignorance regarding the etiology of venous 
thrombosis. A recognizable cause for DVT is 
evident in nearly 70% of cases.46 Our knowl
edge gap is manifested in the 30% of 
patients in whom no known risk factor is 
apparent. 

Most imagers are familiar with the estab
lished causes of DVT: immobilization, 
trauma, pregnancy, and childbirth, as well 
as malignancy (Fig. 25_9).47,48 The relation
ship between estrogen and DVT has been 
established for 25 years.49 In the past 
decade, mutations and conditions asso
ciated with thrombophilia have been 
defined-antithrombin, protein C or pro
tein S deficiency, Factor V Leiden, pro-

thrombin G20210A mutation, hyperhomo
cysteinuria, and lupus anticoagulants.50,s1 

Within the past year, a link between DVT 
and atherosclerosis has been established.46 
The actual etiological relationship is uncer
tain, but a diffuse underlying inflammation 
involving both the arterial and venous 
systems is possible. There is confirmation of 
a relationship between asymptomatic ath
erosclerotic lesions and spontaneous venous 
thrombosis of the legs. 

Eventually, all cases of DVT will have a 
definable etiology. Presently, it is important 
that the clinician be aware of the many 
causes and realize that unless they are cor
rected, repeat episodes of DVT will occur. In 
fact, a risk factor for DVT is a prior episode 
of DVT. 

CONCLUSIONS 

I have presented several issues that are in 
evolution and remain somewhat controver
sial. However, it is important to realize that 
this is by no means an all-inclusive list of 
controversial topiCS, and many other issues 
could be discussed. However, in spite of 
these controversies, ultrasound for evalua
tion of the venous system, particularly in 
the acute situation, remains the dominant 
diagnostic technique. 
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Chapter 
26 

Ultrasound Diagnosis of 
Venous Insufficiency 

The term chronic venous insufficiency is asso
ciated with a form of venous dysfunction 
that has been widely researched and yet is 
poorly understood. Most often, the term 
refers to venous valvular incompetence in 
the superficial, deep, and/or perforating 
veins. Incompetence of the vein valves 
permits reversal of flow and promotes 
venous hypertension in distal segments. 
This form of venous dysfunction may be 
the result of recanalization of thrombosed 
venous segments, pathologic dilation of 
the vein, or the congenital absence of 
competent valves. It is important to under
stand that venous valvular incompetence 
may occur alone or in association with 
venous obstruction. Venous insufficiency 
is associated with physical findings that 
are characteristic, yet these findings are 
nonspecific with respect to cause. They 
do not differentiate between obstruction 
and valvular incompetence, nor do they 
define the location or extent of valvular 
dysfunction. 

Historically, chronic venous insufficiency 
was evaluated using methods that were 
inaccurate, nonspecific for incompetence or 
obstruction, or were invasive and associated 
with patient discomfort and poor accept
ance. For these reasons, investigators have 
pursued a variety of noninvasive vascular 
procedures that have defined lower extrem
ity venous flow dynamics globally or seg
mentally. As a pathway to understanding 
these laboratory procedures, it is important 
to review the mechanism of venous valvu
lar incompetence. 

PATHOPHYSIOLOGY OF 
VENOUS INSUFFICIENCY 

Normal venous anatomy and physiology 
were described in Chapter 22. It is necessary 
to appreciate that venous valves are present 
throughout the lower extremity venous 
system in the deep, superficial, and perfo
rating veins. The concentration of valves is 
higher in the calf veins than in the deep 
veins of the thigh. 

Ambulation results in activation of the 
calf muscle pump. With calf muscle con
traction, venous blood is propelled, or aug
mented toward the heart. The valves distal 
to the contracting muscles, and those in the 
perforating veins, close to prevent reflux. 
This reduces venous pressure in the foot 
from approximately 90 mm Hg during 
standing at rest to 20 to 30 mm Hg during 
walking. During muscular relaxation, there 
is slow filling of the venous system from 
arterial inflow, but venous pressure remains 
low. In the limb with chronic venous insuf
fiCiency, incompetent valves allow blood to 
move from the deep to the superficial system 
during muscle contraction. During relax
ation, incompetent valves in the deep, 
superficial, and perforating veins allow 
blood to flow in a retrograde direction. This 
results in an uninterrupted column of blood 
under the influence of gravity and hydro
static pressure, causing persistently elevated 
venous pressure, both at rest and during 
exercise. Venous hypertension may lead to 
leakage of protein-rich fluid and blood 
cells through the capillary walls into the 
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intercellular space. The immediate result is 
soft tissue edema, but the long-term result is 
skin thickening and hyperpigmentation, 
and, ultimately, skin ulceration. The patho
genesis of stasis-related ulceration is not well 
understood, but the chronic debilitating 
effects of ulceration are easily appreciated. 

Chronic venous insufficiency may affect 
only the superficial veins or it may be a 
sequel to deep venous thrombosis. The 
valves below the knee are most often impli
cated in the clinical sequelae of venous 
thrombosis. Patients who develop ulcera
tion following an episode of deep vein 
thrombosis quite often exhibit both deep 
venous incompetence and incompetence of 
the greater and lesser saphenous veins. It is 
of interest to note that patients with signif
icant incompetence of the deep veins below 
the knee may not suffer from ulceration if 
there is normal valvular function in the 
superficial veins. 

CLINICAL SIGNS 
AND SYMPTOMS 

Most commonly, patients with chronic 
venous insufficiency present with symp
toms that may include edema, dilated veins, 
leg pain, and changes in the skin in the 
region of the ankle. Patients with incompe
tence involving the superficial, perforating, 
and deep venous systems may demonstrate 
the full spectrum of symptoms, while those 
with only segmental incompetence of the 
superficial veins may experience lesser 
degrees of disability. 

Mild swelling in the region of the ankle is 
usually the first sign noted by patients with 
valvular dysfunction. The edema usually 
resolves with bed rest or with elevation of 
the limb. In patients with severe venous 
insufficiency, the swelling may involve the 
lower limb to the midcalf level and may or 
may not be associated with pitting in 
response to moderate pressure applied to 
the skin. 

The increased venous pressure that results 
from incompetence of the superficial vein 
valves causes dilation of the superficial 
veins in the distal extremity (Fig. 26-1). This 
is generally noted first on the medial aspect 

FIGURE 26-1 . Lower limb demonstrating dilated super
ficial veins and varicosities on the medial aspect of the 
calf and around the ankle. 

of the lower calf and around the ankle. With 
progressively worsening dysfunction, the 
veins become enlarged and tortuous. 

Patients with valvular dysfunction fre
quently complain of a feeling of heaviness 
and aching in the legs after prolonged 
standing or after sitting with the legs 
dependent. In patients with valvular incom
petence in the absence of venous obstruc
tion, the feeling may subside with walking 
or with elevation of the limb, actions that 
relieve venous congestion. In contrast, if the 
deep veins are obstructed, exercise results 
in venous claudication, consising of severe 
cramping, burning pain that persists as long 
as the veins remain congested. Several 
investigators have shown that venous 
claudication is caused by a rapid increase 
in pressure in both the superficial and deep 
venous systems. 1,2 This is most often the 
result of obstruction of the iliofemoral 
venous segment with inadequate collateral 
flow. 

The goals of the noninvasive vascular 
laboratory in evaluating patients with 
venous insufficiency symptoms are to 
define which venous systems are involved 
(superficial and/or deep), the anatomic level 
of dysfunction, and whether the pathologic 
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process includes both incompetence and 
obstruction. 

VASCULAR LABORATORY 
TEST PROCEDURES 

Historically, investigators relied on the inva
sive procedures (namely, ascending and 
descending venography and ambulatory 
venouS pressure measurements) to evaluate 
chronic venous insuffiCiency. Venography 
was considered to be the gold standard for 
visualization of anatomy, confirmation of 
the presence of venous obstruction and col
lateralization, and definition of the location 
and extent of valvular reflux. Ambulatory 
venous pressure measurements were used 
as a hemodynamic complement to the ana
tomic information obtained from venog
raphy.3 Pressures could be measured with 
the patient at rest in a supine pOSition, 
while standing, and during exercise. This 
procedure had value as a means for record
ing venous pressure recovery time, which 
has been used as the basis for more recent 
plethysmographic studies. 

The modern vascular laboratory evalua
tion of venous insufficiency has evolved 
steadily from continuous-wave Doppler 
velocimetry to indirect, plethysmographic 
procedures and finally, to the quantification 
of venous reflux using duplex ultrasound 
imaging. Although duplex sonography is 
currently the most accurate method for as
sessing venous incompetence, continuous
wave Doppler remains in use as a 
convenient, "low-tech" method for diag
nosing venous reflux. Therefore, its in
clusion in this chapter is worthwhile. 
Plethysmographic methods also remain in 
clinical use as a means of assessing venous 
hemodynamics, and for that reason, they 
too are discussed. 

Bi-directional Continuous 
Wave Doppler 

Equipment 

Bi"directional, continuous-wave Doppler 
uses separate transmitting and receiving 
crystals that operate continuously to detect 

FIGURE 26-2. Diagram of a continuous wave Doppler 
demonstrating transmitting and receiving crystals with 
the ultrasound beam intersecting both an artery (red) 
and a vein (blue). Rx, receiving crystal; Tx, transmit· 
ting crystal. 

flow at all depths along the emitted sound 
beam (Fig. 26-2). Because of this, the signal 
that is received may contain echoes from 
more than one vessel lying within the 
beam path. The depth of penetration of a 
sound beam is inversely proportional to the 
carrier Doppler frequency. For this reason, 
lower-frequency transducers (3-5 MHz) are 
required for studying the deeper veins of the 
thigh, while higher frequenCies (8-10 MHz) 
may be used for the superficial and calf 
veins in patients with normal body habitus. 

Quadrature phase separation is used to 
detect the direction of flow. The analog 
waveform of the Doppler signal is displayed 
using a frequency-to-voltage converter and 
a zero-croSSing detector. The voltage output 
is proportional to the number of zero cross
ings (Fig. 26-3).  This display method is 
highly dependent on the signal-to-noise 
ratio and on the amplitude of the return 
signa1.4,s 

Patient Positioning 

Patients are examined in a warm room 
while lying supine in a reversed Trendelen
burg (10-15 degrees) position, or standing 
to promote venous filling. In the supine 
position, the patient's head is slightly ele
vated and the legs are externally rotated at 
the hip with the knees comfortably flexed. 
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FIGURE 26-3. Analog waveform from a continuous
wave Doppler, using a zero-crossing detector and quad
rature phase separation to show direction of flow. 
(Modified from Scissons R: Physiological Testing Tech
niques and Interpretation. North Kingstown, Rt, 
Unetixs Educational Publishing, 2003.) 

In the upright position, the patient should 
initially face the examiner with the body 
supported mainly on the contralateral leg. 
The limb must remain immobile through
out the examination to prevent muscle 
contraction and inadvertent augmentation 
of venous flow. The examination is facili
tated if the patient stands on a platform that 
is approximately 2 feet high with a support 
railing on three sides. 

Examination Technique and 
Diagnostic Criteria 

The examination is initiated with the con
tinuous-wave Doppler probe placed in a 
cephalad direction over the femoral vein at 
an angle approximating 4S degrees to the 
skin. The identification of the vein is 
confirmed by first insonating the common 
femoral artery (noting the pulsatile, multi
phasic, caudad flow signal) and then mov
ing the probe in a medial direction to locate 
the common femoral vein. Care must be 
taken to avoid pressure on the probe, be
cause the veins are quite easily compressed. 

Normal venous flow is spontaneous and 
phasic with respiration, yielding a "wind
like" audible Doppler signal. Manual com
pression of the limb below the probe should 
augment forward flow, with resultant 
increased amplitude of the audible Doppler 
signal. When the limb is compressed above 
the probe, the Doppler signal will normally 
cease, because competent valves restrict 

retrograde venous flow. When compression 
above the probe is released, an augmented, 
forward flow signal should be noted. The 
same effects will normally occur if the 
patient coughs or performs a Valsalva 
maneuver. Both actions cause an increase in 
intra-abdominal pressure, which restricts 
escape of blood from the lower limb. The 
same compression and/or respiration proce
dure is repeated over the superficial femoral, 
popliteal, and posterior tibial veins and in 
the regions of the saphenofemoral and 
saphenopopliteal junctions. Spontaneous 
signals are most often present in the larger
diameter thigh and popliteal veins. If the 
patient is examined in a cool room, 
however, vasoconstriction may reduce 
extremity blood flow and augmentation of 
flow may be required to confirm patency 
of the small-diameter tibial veins. 

If the valve immediately distal to the site 
of probe placement is incompetent, retro
grade flow will be noted with compression 
of the limb above the probe. Given this, a 
retrograde flow signal over the common 
femoral vein following an appropriately 
performed Valsalva maneuver would sug
gest an incompetent valve immediately 
proximal to that site. Moreover, the presence 
of a single competent valve at any site prox
imal to the probe will prevent reflux and 
may lead to a falsely negative result. 

The anatomic location of valvular incom
petence can be inferred by simple compres
sion maneuvers that exclude the superficial 
venous system during the examination. The 
continuous-wave Doppler probe is placed 
over the region of the saphenofemoral junc
tion, and the presence of retrograde flow 
is confirmed with release of compression 
of the limb below the level of the probe. 
A tourniquet is placed around the limb 
approximately 10 cm distal to the expected 
location of the saphenofemoral junction 
and tightened sufficiently to compress the 
greater saphenous vein (Fig. 26-4) . Com
pression of the limb below the level of the 
probe is repeated. The continued presence 
of retrograde flow suggests incompetence of 
the common femoral and/or proximal 
superficial femoral vein(s). If retrograde flow 
is abolished by tourniquet application, 
incompetence of the greater saphenous vein 
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FIGURE 26-4. Lower extremity showing placement of 
the upper thigh tourniquet for compression of the 
greater saphenous vein. 

is suggested. The saphenopopliteal junction 
should be examined in a similar manner to 
distinguish popliteal/gastrocnemius reflux 
from incompetency of the lesser saphenous 
vein. 

Absence of a flow signal along the ana
tomic course of a vein suggests occlusion of 
the vessel. Remembering that the major 
arteries and deep veins course together 
through the lower extremity, a venous signal 
found at a distance of more than 1 em from 
the corresponding artery suggests a large 
collateral and occlusion of the primary vein. 
Low-amplitude Doppler signals may imply 
partial thrombosis, a collateralized venous 
occlusion, or a recanalized vein. 

Advantages 

In the hands of experienced examiners, 
bi-directional, continuous-wave Doppler 
velocimetry has been shown to have 

excellent sensitivity (92%) with acceptable 
specificity (73%) for the assessment of ve
nous incompetence.6 While some applaud 
this method as a valuable, portable tool for 
detection of valvular incompetence or 
obstruction of the deep and superficial 
veins/-9 others note that the continuous
wave Doppler test is extremely operator 
dependent and subjective. lO  

Limitations 

It is important to be aware of the consider
able limitations associated with continuous
wave Doppler examination of the extremity 
veins. Because this is a nonimaging modal
ity, there is no way to be certain which 
veins are being insonated. Duplication of 
the deep and superficial veins is common, 
and a signal may be elicited from a patent 
vein that lies adjacent to a thrombosed 
venous segment or from a large collateral 
vein. It is often quite difficult to differenti
ate reflux in the deep venous system from 
reflux in a superficial vein or a major tribu
tary at the saphenofemoral or saphenopop
liteal junctions. Similarly, incompetency in 
large perforating veins may be confused 
with reflux in the saphenous or deep veins. 
Finally, standardization of the testing pro
tocol is not possible because of the variabil
ity associated with tourniquet application. 
There is no assurance that the superficial 
veins are adequately compressed or that the 
compression does not obliterate flow in the 
deep venous system or perforating veins. 

Photoplethysmography 

Equipment 

Photo plethysmography is a relatively sim
ple tool used to screen for valvular in
competence. This technique employs an 
infrared light-emitting diode, with a second 
diode used to sense light reflected from sub
dermal venous flow. The photoplethysmo
graphic probe is most commonly affixed to 
the skin in the supramalleolar region, using 
double-stick tape (Fig. 26-5) .  The plethys
mograph is coupled to a direct current 
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FIGURE 26-5. Lower extremity demonstrating correct 
placement of a photoplethysmographic sensor for 
evaluation of venous refill time. 

recorder (DC mode) to track the average 
changes in reflected light that occur over 
time in association with alterations in blood 
flow volume. In the normal limb, the 
volume of blood in the skin decreases in 
response to manual compression of the calf 
or dorsiflexion of the foot and ankle. In the 
absence of obstruction to arterial inflow, 
the venous microcirculation refills slowly. If 
venous valves are incompetent, however, 
reflux occurs and the microcirculation refills 
rapidly. The quality of venous emptying 
with calf muscle compression can be 
assessed subjectively, and the length of time 
required for venous refill can be calculated 
from the calibrations on the strip chart 
recording. 

Patient Positioning 
The patient is seated forward on a bed or 
examination table with the legs unsup� 
ported. The photoplethysmographic sensors 
are affixed to the medial aspect of the leg 
above the malleolus. Care is taken to avoid 
positioning the sensor over regions of 
inflammation or ulceration. 

Examination Technique and 
Diagnostic Criteria 
The patient is initially requested to relax the 
limb while a baseline tracing is recorded on 
the plethysmographic strip chart recorder. 
The stylus for the recorder is positioned 
near the top of the tracing. 

The patient is then requested to dor
siflex the foot four or five times. This 
causes the calf muscles to contract, simulat
ing ambulation, and empties the calf veins 
in normal individuals. Manual calf com
pression can be used for patients who are 
unable to achieve adequate emptying of 
the venous pool with dorsiflexion. When 
the leg is relaxed and immobile, the calf 
veins refill. The venous refilling time is 
defined as the number of seconds required 
for the photoplethysmographic tracing to 
reach a stable endpoint for at least S sec. 
The refill time is measured from the 
time exercise ceases to the stable endpoint 
(Fig. 26-6A). As noted previously, nor
mally there is a rapid reduction of venous 
volume (and venous pressure) with limb 
exercise. Capillary refilling is primarily a 
function of arterial inflow when vein valves 
are competent and venous refilling is 
relatively slow. In patients with competent 
deep and superficial veins, the venous refill 
time is lengthened and usually exceeds 20 
seconds. 

A venous refill time less than 20 sec sug
gests venous insufficiency (Fig. 26-6B) . 
Superficial venous reflux can be differenti
ated from deep venous reflux by application 
of tourniquets to compress the greater and 
lesser saphenous veins. A tourniquet (latex 
tubing or blood pressure cuff inflated to 4S 
mm Hg) is initially placed above the knee. 
The test is repeated as described previously. 
If the venous refill time normalizes to 
longer than 20 sec, the superficial venous 
system is implicated as the source of incom
petence. If the refill time improves but does 
not normalize, the data imply that both the 
deep and superficial systems are incompe
tent. The tourniquet is then moved below 
the knee. If the refill time normalizes, this 
is diagnostic of superficial venous incompe
tence alone. If the refill time remains less 
than 20 sec with tourniquet compression of 
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FIGURE 26-6. Strip chart record
ings of photoplethysmographic 
measurement venous refill time 
(VRT). Note the placement of 
calipers at completion of the 
exercise and at a stable end
point. A, Normal venous refill 
time, exceeding 20 sec. B, Ab
normal response consistent with 
venous reflux. Venous refill 
time is only 6.8 sec. (From 
Scissons R: Physiological Testing 
Techniques and Interpretation, 
North Kingstown, RI, Unetixs 
Educational Publishing, 2003.) 

A 

B 

Venous refill 

Venous refi ll 

the superficial veins, this suggests deep 
venous insufficiency. 

Advantages 

Photo plethysmographic determination of 
venous refill time correlates with ambu
latory venous pressure measurements. ll 
The application is technically simple and 
the equipment is inexpensive and por
table. This modality serves as a useful 
screening tool for evaluation of patients 
in whom venous insufficiency is sus
pected on the basis of history or physical 
findings. 

Limitations 

While attractive · as a screening tool be
cause of its technical simplicity, photo
plethysmographic assessment of venous 
refill time has significant limitations .  Most 
notabie is the fact that it is a subjective, 
non quantitative modality. It also is not 
capable of anatomically localizing the site 
of incompetence. As with bi-directional 
continuous-wave Doppler, the technique 
cannot be standardized because of variabil
ity in sensor placement and tourniquet 
pressure. The sensor may be placed over 

response 

Abnormal 
response 

VRT: 62.2 seconds 

VRT: 6.8 seconds 

incompetent perforators or a region of 
localized inflammation or ischemia. There 
is no assurance that the superficial veins 
are compressed or that the deep veins 
remain patent with tourniquet application. 
Additionally, it must be recognized that the 
results of photoplethysmographic studies 
may be influenced by body temperature, 
with alterations of blood flow and filling 
time occurring in response to vasodilation 
and/or vasoconstriction. 

Air Plethysmography 

Air plethysmography (APG) was first 
introduced in the 1960s to study lower 
extremity volume changes that occur in 
response to alterations in posture and mus
cular exercise. Once it became possible to 
calibrate the system, interest was hightened 
in this noninvasive modality that could 
replace the older diagnostiC devices such as 
strain gauge segmental volume and water 
plethysmographs. Christopoulos and col
leagues12 introduced APG as a diagnostic 
tool in 1987 to detect global limb volume 
changes that occur with exercise and 
gravity. 

With respect to venous competence, APG 
measures the following: (1)  calf venous 
volume, (2) the rate at which calf venous 
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A 

FIGURE 26-7. Air-filled calf cuff and instrumentation 
required for air plethysmographic evaluation. A, Correct 
placement of the air-filled cuff on the patient's calf. B, Air
calibrated pressure transducer, amplifier, recorder, and 
display system. B 

volume is restored normally or as a result of 
reflux, (3) the effectiveness of the calf 
muscle pump, and (4) ambulatory venous 
pressure (indirectly) . 

Equipment 

Air plethysmography uses an air-filled, 
polyvinyl cuff, which surrounds the calf 
and functions as a sensing device to detect 
calf volume changes. The cuff is connected 
to an air-calibrated pressure transducer, 
amplifier, and recorder (Fig. 26-7). 

Patient Positioning 

The patient initially reclines in the supine 
position with the heel slightly elevated on 
a support and with the limb externally 
rotated and flexed to allow application of 
the cuff. Volume changes in the limb are 
recorded during limb elevation (which 
empties the veins), venous refilling, and a 
series of maneuvers with the patient 
upright, as shown in Figure 26-8 and 
described in the following section. 

TECHNIQUE AND DIAGNOSTIC 
CRITERIA 

With the patient's heel supported and the 
limb properly pOSitioned, the air-filled cuff 
is adjusted over the calf so that it encloses 

--l E 

Air Plethysmography (APG) 

Sec. 90% VV = VFI EV x l 00 = EF RV x l 00 = RVF 
VFT 90 VV VV 

FIGURE 26-8. The protocol for air plethysmographic 
study and tracings for measurement of the venous 
filling index (VFI), ejection fraction (EF), and residual 
volume fraction (RVF). EY, ejection volume; RY, resid
ual volume; VFT, venous filling time; VV, venous 
volume. (From Christopoulos DG, Nicolaides AN, 
Szendro G, et al: Air plethysmography and the effects 
of elastic compression on venous hemodynamics of 
the leg. J Vasc Surg 5 : 148-150, 1987.) 
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the calf from the knee to the ankle. The 
patient's limb is elevated 45 degrees to 
empty the calf veins (Fig. 26-8) . Maximal 
venous emptying is indicated when the 
baseline recording stabilizes. The patient is 
then quickly brought to a standing position 
with the body weight supported on the 
opposite limb. Filling of the calf veins is 
recorded continuously until a steady base
line is again obtained. This indicates that 
functional venous volume (VV) has been 
reached. Venous filling should result in an 
increase in leg venous volume of 100 to 150 
mL in limbs with competent vein valves 
and 100 to 350 mL in limbs with venous 
insufficiency. 

The venous filling index (VFI) is the ratio 
of 90% of the VV divided by the time 
required to achieve 90% venous filling 
(venous filling time, or VFf90%). The venous 
function index, which evaluates overall 
valvular competence, is calculated from the 
equation 90% VV IVFT90%. This measure
ment of average filling rate is expressed in 
milliliters per second. A VFI of 2 mL/sec or 
less indicates normal valvular function, 
while a VFI greater than 7 mL/sec is consis
tent with deep and/or superficial incompe
tence and is associated clinically with 
symptoms of chronic venous insufficiency. 
Application of a narrow, below-knee tourni
quet to occlude the lesser and greater 
saphenous veins may reduce the VFI to less 
than 5 mL/sec in limbs with incompetent 
common femoral vein valves but competent 
popliteal valves. 13 Christopoulos and associ
ates12 found that a VFr between 2 and 30 
mL/sec was associated with superficial 
venous incompetence, while patients with a 
VFI between 7 and 28 mLisec had evidence 
of deep venous insufficiency. 

After the measurements cited previously 
are obtained, the patient is asked to rise 
up once on the toes and return to normal 
pOSition. This maneuver activates the calf 
muscle pump, which decreases venous 
volume. The ejection volume (EV) measures 
the decrease in venous volume achieved 
with one heel raise exercise and represents 
the volume of blood expelled by the calf 
with a single calf muscle contraction. The 
ejection fraction (EF) represents the emptying 
power of a single calf contraction and 

normally exceeds 60% of the baseline 
venous volume. The ejected volume and 
ejection fraction can be calculated from the 
equation EF = (EV/VV) x 100. 

The patient then performs 10 heel raises 
to completely empty the calf veins and 
returns to the resting position. The residual 
venous volume (RV) is recorded at the end of 
the exercise. The residual venous volume frac
tion (RVF) is calculated as RV IVV x 100 to 
determine the percentage of total calf blood 
volume that remains following this level of 
exercise. Normally, this value is less than 
35% and represents overall calf muscle 
pump function. While some investigators 
believe that this value correlates with ambu
latory venous pressure, 1 2 others have chal
lenged this opinion. 14,ls 

Advantages 

Air plethysmography has value as a tool for 
studying the calf muscle pump function 
and global lower limb venous hemodynam
ics. As such, it can be used to select patients 
who will benefit from surgical intervention 
to correct venous valvular dysfunction, and 
to evaluate the effect of noninvasive thera
peutic measures, such as limb compression. 

Limitations 

While APG has shown value as a noninva
sive means for assessing global venous 
hemodynamics in the lower extremity, 
specific incompetent valve sites cannot be 
identified. While the technique has merit 
for quantification of venous reflux and 
outflow obstruction, it is difficult for many 
patients to move from the supine to upright 
position rapidly and to perform the heel 
raise maneuvers. A small number of patients 
cannot undergo testing because of extensive 
limb swelling and discomfort or their inabil
ity to perform the exercise routine. 

Duplex Ultrasonography 

Duplex ultrasound, the combination of 
B-mode (gray-scale) imaging and pulsed 
Doppler velOCity spectral analYSiS, has 
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become the primary diagnostic procedure 
for identification of deep vein thrombosis 
and superficial thrombophlebitis. This 
technique, complemented with color flow 
imaging, provides an excellent tool for 
demonstrating venous obstruction and 
reflux. The B-mode image allows definition 
of the vein lumen, vein valve leaflets, and 
vein wall morphology, as well as compres
sibility of the vein and assessment of the 
acoustic properties of thrombus. Pulsed 
Doppler velocity spectral analysis is used to 
ensure accurate differentiation of venous 
and arterial flow, to document venous flow 
patterns and flow direction, and for timing 
the duration of venous reflux through 
incompetent valves. Color flow imaging is 
used to differentiate venous occlusion from 
partial thrombosis of the vein, to distin
guish reflux in the deep veins from reflux 
in the superficial system at the saphe
nofemoral and saphenopopliteal junctions, 
to identify incompetent perforating veins, 
and to demonstrate recanalization and 
collateralization of chronically thrombosed 
venous segments. 

Equipment 
Accurate assessment of lower extremity 
venous morphology and hemodynamics 
requires a high-resolution ultrasound sys
tem equipped with pulsed Doppler trans
ducers ranging in frequency from 3 to 10 
MHz. This frequency range allows interro
gation of the inferior vena cava, deep pelvic 
veins, and veins of the thigh and calf. Excel
lent spatial resolution is necessary to ensure 
identification of acute, acoustically homo
geneous thrombus. Additionally, Doppler 
spectral and color wall filters must be inde
pendently controlled to ensure detection 
of low-amplitude, low-velOCity flow asso
ciated with partially occlusive thrombus, 
recanalized venous segments, and venous 
collaterals. 

Patient Positioning 
The patient is placed in the supine pOSition 
with the head slightly elevated and the 

examination table in the reverse Trendelen
burg position (feet 10-lS degrees below the 
level of the heart) to maximize venous 
pooling in the lower limbs. The patient's 
hips are externally rotated, and the knees 
are slightly flexed. This position permits 
easy access to the common femoral, super
ficial femoral, deep femoral, posterior tibial, 
peroneal, and greater saphenous veins. 
Moving the patient to the lateral decubitus 
position facilitates examination of the 
common iliac, external iliac, popliteal, and 
lesser saphenous veins. The popliteal and 
lesser saphenous veins may also be interro
gated with the patient lying prone with the 
feet elevated slightly on a rolled towel or 
pillow. Elevation in this manner prevents 
hyperextension of the knee and resulting 
extrinsic compression of the popliteal vein 
and the sapheno-popliteal junction. The 
inferior vena cava may be evaluated with 
the patient lying in the supine pOSition, or 
a coronal image plane can be used with the 
patient in a left lateral decubitus position. 

Technique and Diagnostic Criteria 
The examination is initiated with a longi
tudinal, B-mode image of the common 
femoral vein. Confirmation of venous flow 
is ensured by placing the Doppler sample 
volume within the vein lumen. Normal 
venous flow signals are spontaneous and 
phasic with respiration (Fig. 26-9) . As 
described in the discussion of bi-directional, 
continuous-wave Doppler, forward (cepha
lad) flow occurs when the limb is com
pressed distal to the probe. There should be 
no evidence of retrograde flow with release 
of distal compression, with a Valsalva 
maneuver, or with limb compression 
proximal to the probe. 

The venous competency examination 
may be complemented with color flow 
imaging to facilitate the recognition of flow 
direction, the identification of anatomic 
landmarks and flow patterns, and the detec
tion of morphologic and hemodynamic 
abnormalities (Fig. 26-10) .  Color flow 
imaging parameters must be optimized for 
detection of low-velocity flow by decreasing 
the color velocity scale and wall filters and 
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FIGURE 26-9. Color flow image of 
the common femoral vein demon
strating appropriate flow direction 
and spontaneous respirophasicity. 

taking care to use an appropriately angled, 
narrow color box. Doppler spectral wave
forms should confirm normal flow direction 
at rest and the absence of retrograde flow 
with application of distal limb compression 
or release of proximal compression. Abnor
mal flow direction can also be confirmed 
with color flow imaging. 

The B-mode examination of the femoral 
area is continued by moving the transducer 
slightly distally or proximally to identify 
the saphenofemoral junction. The common 

FIGURE 26-1 0. Color flow image 
of the saphenofemorai junction 
demonstrating slight elevation of 
velocities and minimal reflux in 
a proximal branch of the greater 
saphenous vein. 

femoral vein and the saphenofemoral junc
tion are interrogated carefully for evidence 
of intraluminal echoes that suggest the 
presence of thrombus. Care should be taken 
to identify valve sinuses in the common 
femoral and proximal greater saphenous 
veins. The sinuses most commonly have an 
elliptical configuration. By imaging perpen
dicular to the anterior wall of the vein, the 
thin, mobile valve leaflets can be visualized 
(Fig. 26-1 1) .  Compression of the limb prox
imal to the probe, a Valsalva maneuver, or 
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FIGURE 26-1 1 .  B-mode image of a valve sinus demon
strating the thin, echogenic valve leaflets. 

release of distal compression will normally 
elicit no evidence of retrograde venous flow 
(Fig. 26-12) .  The scan is continued through
out the common femoral vein to its bifur
cation into the profunda femoris and 
superficial femoral veins. The profunda 
femoris vein is examined as far along its 
course as possible, with careful attention to 
the absence of thrombus and reflux. The 
superficial femoral vein is examined 
throughout its length in a similar manner 
to evaluate the valve sinuses, to confirm 
the absence of intraluminal echoes, and to 
ensure valvular competency. B-mode image 
resolution may be compromised in the 
distal thigh because of the depth of the 
vein. To overcome this obstacle, the trans
ducer is placed in the popliteal fossa to 
image the popliteal vein longitudinally. 

Counterpressure is applied to the patient's 
knee while the scan is continued in a cepha
lad direction into the distal superficial 
femoral vein. 

The transducer is returned to the popliteal 
fossa to insonate the popliteal vein through
out its length, ensuring the absence of 
thrombus and confirming the competence 
of this important valve site. The scan is 
continued distally to identify the anterior 
tibial and tibioperoneal trunks. In a manner 
identical to that used for examination of 
the proximal veins, posterior tibial and pe
roneal veins are interrogated throughout 
their length. The anterior tibial veins may 
be interrogated only proximally or through
out their length, as clinically indicated. 
Color flow imaging may facilitate identifi
cation of the tibial veins, duplicated venous 
segments, and the absence of reflux. 

Following the longitudinal examination 
of the deep veins, the transducer is returned 
to the level of the common femoral vein 
and a transverse image of the vein is 
obtained at the saphenofemoral junction. 
Compressibility of the vein is then tested 
with by applying pressure with the ultra
sound transducer, both proximal and distal 
to the junction. The walls of a vein coapt 
with pressure in the absence of thrombosis 
or abnormal venous pressure resulting from 
extrinsic compression of the vein proximal 
to the image site. Compressibility is then 
assessed sequentially throughout all venous 

FIGURE 26-1 2. Color flow image 
and Doppler spectral waveform 
demonstrating significant reflux 
through an incompetent valve in 
the common femoral vein. (Cour
tesy of Providence Surgical Care 
Group, Providence, RI.) 
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segments, from the common femoral vein 
distally to the tibial veins at ankle level. 

When assessment of the deep system is 
complete, the greater and lesser saphenous 
veins are insonated in an identical man
ner. Longitudinal and transverse B-mode 
imaging is used to ensure the absence of 
thrombus, evaluate valve sites, and assess 
venous compressibility. 

Intraluminal echogenicity suggests ve
nous thrombosis, and affected venous seg
ments are noncompressible or partially 
compressible (Fig. 26-13). As described in 
Chapter 24, acute thrombus most often 
appears lightly echogenic with a spongy 
texture and may be poorly attached to the 
vein wall. As the thrombus organizes in the 
subacute and chronic phases, it becomes 
more echogenic, because of the increased 
collagen content, and it becomes more 
rigid. It then is well attached to the vein 
wall, and as it continues to organize, it con
tracts, pulling the walls of the vein inward. 
The vein may appear to be small in diame
ter with thickened, irregular walls. Over 
time, recanalization may occur or collateral 
veins may develop (Fig. 26-14). 

Doppler spectral waveforms become 
continuous and nonphasic when venous 
outflow is obstructed by thrombus or extrin
sic compression. Augmentation of flow with 

FIGURE 26-1 3.  Cross-sectional image of the femoral 
vein demonstrating partially occlusive, organized 
thrombus. 

A 

B 
FIGURE 26-1 4. Color flow images of a thrombosed 
venous segment. A, Recanalized venous segment. Note 
.small channels of flow within the thrombus. B, Col
lateralized venous segment. Note the small channels 
that parallel the thrombosed segment. V, venous 
channels. 

distal limb compression also is diminished, 
as compared with flow at the same level in 
a normal contralateral limb. Color flow 
imaging is useful in differentiating a totally 
thrombosed vein from one that is partially 
obstructed (Fig. 26-15) .  Careful imaging is 
necessary to ensure that flow characteristics 
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are recorded from the original superficial 
and deep veins, rather than from large 
venous collaterals. 

Quite often, deep vein thrombosis 
damages the vein valves, causing them to 
thicken and scar. As a result, the valve 
leaflets cannot function properly, leading to 
reflux of blood through incompetent sites. 
Improperly functioning valve leaflets can be 
identified with B-mode imaging, and retro
grade flow at such valves is demonstrated 
with spectral and color Doppler (Fig. 26-16) .  

Incompetent perforating veins can be 
identified with duplex sonography comple
mented by color flow imaging (Fig. 26-17) .  
Perforating veins connect the superficial 
and deep systems and have one-way valves 
that normally allow blood flow only from 
the superficial to the deep veins. Large 
perforating veins are commonly found in 
the distal calf and in the proximal and 
mid-thigh. In the thigh, identification of 
the medially located perforating veins is 
best accomplished with transverse B-mode 
imaging beginning at the level of the 
common femoral vein. The perforating 
veins penetrate the deep fascia and connect 
the greater saphenous vein to the deep veins 
of the thigh.16-IS When a perforating vein is 
identified, manual compression of the limb 
above and below the transducer can be used 
to detect retrograde flowy,19 Color flow 
imaging can identify retrograde blood flow 
toward the transducer, consistent with 
valvular incompetence. Incompetent perfo
rating veins are usually larger than compe
tent ones. Phillips and associates20 noted 

FIGURE 26-1 5. Color flow image of a 
femoral vein demonstrating partially 
occluding thrombus. 

that all perforating veins larger than 4 mm 
in diameter were incompetent, while those 
smaller than 3 mm were competent. 

In the calf, there are major groups of 
medially located perforating veins that are 
rather constant in their anatomic location. 
They are typically located 6, 12, 18, 24, and 
28 to 32 centimeters above the heel. The 
first three groups are referred to as the 
Cockett's perforators, and the highest 
(antero-medial) perforating vein is called 
the Boyd perforator.21 Identification of these 
medial perforating veins should be included 
in the scanning protocol for venous insuffi
Ciency, because they account for approxi
mately 40% of incompetent perforating 
veins. IS 

Lateral calf perforating veins vary in loca
tion. Imaging in the transverse plane with 
color Doppler, beginning at the level of the 
proximal lesser saphenous and peroneal 
veins, facilitates localization of the major 
lateral perforators. In the proximal calf, two 
perforating veins connect the lesser saphe
nous vein to the gastrocnemius veins. IS In 
the distal calf, there are usually two lateral 
perforating veins located approximately 5 
and 12 em above the ankle. 

When venous insufficiency is suggested 
during the recumbent ultrasound examina
tion, confirmation is obtained by moving 
the patient to the standing position to 
impose the usual circumstances of valve 
function. The standing examination is facil
itated by the use of a platform, as described 
previously in the discussion of continuous 
wave Doppler. Color flow imaging is 
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FIGURE 26-16.  Color flow images dem
onstrating valvular incompetence. A ,  
Venous flow is  antegrade through an 
incompetent valve when manual com
pression is applied distal to the valve. 
B, Flow direction is retrograde (reflux) 
through the incompetent valve when 
manual compression is released. (Color 
assignment is red for flow toward the 
transducer and blue for flow away from 
the transducer.) 

A 

B 

repeated in the longitudinal plane over 
the saphenofemoral and saphenopopliteal 
junctions and along the deep and superfi
cial venous segments where valvular incom
petence was previously suggested. If the 
patient is able to perform an adequate Val
salva maneuver, this method may be used 
to produce reflux. Otherwise, manual limb 
compression proximal and distal to the 
suspect valve sites is employed. 

With the Doppler sample volume placed 
centerstream in the vein distal to a valve site 
that appears to be incompetent on color 
flow examination, Doppler spectral wave
forms are recorded during normal respira-

tion and with manual limb compression or 
the Valsalva maneuver. The duration of ret
rograde venous flow is determined. Welch 
and colleagues 22 have termed this the valve 
closure time. The University of Washington 
vascular laboratory team23,24 has shown that 
the normal valve closure time is less than 
O.S sec (Fig. 26-18).  

Venous valves close when reversal of the 
normal transvalvular pressure gradient 
results in sufficient retrograde flow velocity 
to force the valve leaflets to coapt. Van 
Bemmelem and associates23 noted that valve 
closure was achieved when the reverse 
velocities exceeded 30 cm/sec. During ultra-
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FIGURE 26-1 7. B-mode and color flow images of an incom
petent perforating vein. A, B-mode image of a Cockett's per
forator in the distal calf. B, Color flow image of the same 
perforator with manual compression of the limb distal to 
the vein. Flow direction is ante grade. C, Color flow image 
demonstrating reflux through the perforator with release of 
compression. (Courtesy of the Ultrasound Department, 
Memorial Hospital of Sweetwater County, Rock Springs, 
WY.) 

sound examination, the velocity of retro
grade flow is related to the external pressure 
on the vein. Reflux can be demonstrated 
only when a significant transvalvular pres
sure gradient is present. It must be noted 
that sufficient pressure is not uniformly 
achieved with either the Valsalva maneuver 
or manual compression, particularly in the 
more distal veins. This can result in failure 
to detect venous incompetence. 

A 

Advantages 

Duplex ultrasound, complemented with 
color flow imaging, has been validated as 
a sensitive and specific modality for the 
identification of superficial and deep vein 
thrombosis.26-28 Valvular incompetence can 
be confirmed with spectral and color 
Doppler, and, unlike photoplethysmogra
phy and APG, venous insufficiency can be 

B 
FIGURE 26-18.  Color flow images and velocity spectral waveforms demonstrating clinically significant reflux (dura
tion longer than O.S sec) (A) in a femoral vein and (B) in a calf perforating vein. The duration of reflux is deter
mined using the timing monitor on the bottom of the image display. (Courtesy of the Hershey Vascular Laboratory, 
The Penn State Vascular Institute, Hershey, PA.) 
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localized to specific valve sites in the deep 
and superficial veins. Incompetent perfora
tors can similarly be identified and mapped 
prior to intervention. 

Limitations 
The accuracy of the technique is entirely 
dependent on the experience of the sonog
rapher and physician interpreter. In parallel 
with continuous-wave Doppler and photo
plethysmography, the intensity of the 
Val salva maneuver or manual compression 
cannot be standardized and may be insuffi
cient to produce reflux. This was shown by 
van Bemmelen and colleagues2S to be a sig
nificant problem, particularly in the distal 
veins. Because of the inability to ensure 
adequate venous pressure to produce reflux 
with Val salva or manual compression, the 
severity of venous insufficiency cannot be 
quantitated. 

Quantitative Measurement of 
Venous Incompetence 

Given the inability to standardize duplex 
ultrasound identification of reflux using the 
Val salva maneuver or manual compression, 
investigators sought a method that would 
remove the variability of the procedure and 
permit quantification of valvular incompe
tence. In 1989, the vascular laboratory 
teams in Seattle at the University of 
Washington and at St. Mary's Hospital in 
London published reports using cuff
deflation techniques.23,29 The method pro
posed by van Bemmelen and colleagues23 
has been adopted by many laboratories as 
a reliable, reproducible procedure for the 
identification and quantification of seg
mental venous reflux. 

Equipment 
Quantitative measurement of venous insuf
ficiency requires a high-resolution ultra
sound system and a range of pulsed Doppler 
transducers identical to those used for 
duplex scanning. Although not reqUired for 
accurate testing, color flow imaging facili-

FIGURE 26-1 9. A rapid cuff inflator and air source are 
required to rapidly fill the large thigh and calf cuffs. 

tates venous identification and recognition 
of retrograde flow. 

A rapid cuff inflator and air source are 
required to insure inflation of large (24-cm) 
thigh cuffs within 0.3 sec (Fig. 26-19). In 
addition, a 12-cm cuff is applied to the 
patient's calf, and a 7 -cm cuff is  wrapped 
around the foot. 

Patient Positioning 
The patient stands on a platform, facing 
the examiner, with the body weight shifted 
to the leg opposite that being investigated 
for duplex ultrasound examination of the 
common femoral and proximal superficial 
femoral veins and the saphenofemoral junc
tion. For evaluation of the popliteal vein 
and the proximal lesser saphenous vein, the 
patient faces away from the examiner, again 
standing in a non-weight bearing position. 
The knee is flexed slightly to prevent extrin
sic compression of the popliteal vein. This 
position also may be used for examination 
of the mid-segment of the greater saphe
nous vein, the anterolateral and accessory 
posterior branches of the greater saphenous 
vein, and the posterior tibial and peroneal 
veins. 

Technique 
A large (24-cm) blood pressure cuff is placed 
around the patient's thigh. This is con
nected to the air source with the automatic 
cuff inflator and is intermittantly inflated to 
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FIGURE 26-20. Appropriate positioning of the patient, 
thigh cuff, and transducer for obtaining Doppler spec
tral recordings from the common femoral, superficial 
femoral, and proximal greater saphenous veins. 

80 mm Hg pressure during the course of the 
examination. 

Step 1. The examination begins with iden
tification of the common femoral vein 
in the longitudinal plane with B-mode 
imaging (Fig. 26-20) . Color flow imaging 
may be used to facilitate identification 
of the vein and the recognition of flow 
direction. The Doppler sample volume is 
placed centerstream in the common 
femoral vein, and spectral waveforms are 
obtained during normal respiration. The 
thigh cuff is then inflated for 3 sec and 
then rapidly deflated while Doppler 

spectral waveforms are continuously 
recorded. Careful attention should be 
given to the direction of flow during cuff 
deflation and, if present, the length of 
time during which retrograde venous 
flow persists. Calipers associated with the 
ultrasound calculation software can be 
used to determine the duration of reflux. 
Reflux that persists for longer than 0.5 sec 
is considered to be clinically significant.25 

Step 2. The saphenofemoral junction is 
identified, and the inflation and deflation 
procedure is repeated in a manner identi
cal to that used for evaluation of the 
common femoral vein. Doppler spectral 
waveforms are recorded · continuously 
throughout inflation and deflation of the 
cuff. This procedure is next repeated with 
Doppler spectral waveform recordings 
from the proximal superficial femoral 
vein (Fig. 26-21).  

Step 3. The patient is now turned to face 
away from the examiner, and the 12-cm 
blood pressure cuff is placed around the 
calf (Fig. 26-22). The popliteal vein is 
imaged in the longitudinal plane, and 
Doppler spectral waveforms are obtained 
during normal respiration. The cuff is 
then inflated to 100 mm Hg pressure for 
3 sec and then rapidly deflated. Spectral 
waveforms are recorded continuously 
during inflation and deflation (Fig. 
26-23). 

Step 4. Following completion of the 
popliteal recording, the mid- and distal 
segments of the superficial femoral vein 

FIGURE 26-21 . Color flow image and Doppler 
spectral waveforms demonstrating significant 
reflux,in the proximal superficial femoral vein. 
(Courtesy of The Hershey Vascular Laboratory, 
the Penn State Vascular Institute, Hershey, PA.) 
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FIGURE 26-22. Appropriate positioning of the patient, 
calf cuff, and transducer for recording Doppler spectral 
tracings from the popliteal, distal superficial femoral, 
and perforating veins. (Courtesy of D. E. Hokanson, 
Incorporated, Bellevue, WA.) 

and the major perforating veins along the 
medial side of the thigh are tested in an 
identical manner. 

Step 5. The confluence of the lesser saphe
nous vein with the popliteal vein is iden
tified and imaged in the longitudinal 
plane. Doppler spectral waveforms are 
recorded during normal respiration and 
during cuff inflation to 100 mm Hg 
pressure and rapid deflation. Careful 
attention is given to flow direction and, 
if present, to the duration of retrograde 
venous flow. 

Step 6. The mid-segment of the greater 
saphenous vein is identified on the 
medial aspect of the knee and imaged 
in its longitudinal plane. Using a cuff 

FIGURE 26-23. Color flow image and Doppler 
spectral waveforms demonstrating significant 
reflux in the superficial femoral vein. (Cour
tesy of Providence Surgical Care Group, Prov
idence, RI.) 

inflation pressure of 100 mm Hg, the 
presence of reflux is confirmed in a 
manner similar to that used for the deep 
veins of the thigh. Next, the anterolateral 
branch of the greater saphenous vein is 
located on the lateral aspect of the knee 
and evaluated in the longitudinal plane 
in an identical fashion. 

Step 7. The blood pressure cuff is moved 
to the level of the ankle. The posterior 
tibial and peroneal veins are identified 
using B-mode and/or color flow imaging. 
Doppler spectral waveforms are recorded 
from the posterior tibial veins during 
normal respiration and with the cuff 
inflated to 100 mm Hg. Waveforms are 
continuously recorded during rapid cuff 
deflation. The test is repeated in an 
identical manner for evaluation of the 
peroneal veins. 

Step 8. The posterior arch vein and the 
mid-segment of the lesser saphenous vein 
should be examined using a cuff inflation 
pressure of 100 mm Hg, with the cuff at 
ankle level. 

Step 9. A 7-cm-wide blood pressure cuff 
is wrapped around the foot. Color flow 
imaging is used to locate the posterior 
tibial veins in long axis just anterior to 
the medial malleolus. The blood pres
sure cuff is inflated to 120 mm Hg pres
sure. Doppler spectral waveforms are 
recorded during cuff inflation and defla
tion. The peroneal veins and the distal 
segment of the greater saphenous vein 
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are interrogated for reflux in an identical 
fashion. 

Step 10. Large perforating veins associated 
with the posterior arch vein that were 
identified in the distal calf during the 
initial duplex evaluation of the limb may 
be tested using the 7 -cm metatarsal cuff 
and an inflation pressure of 120 mm Hg. 

Diagnostic Criteria 

As noted previously, reflux that persists for 
longer than 0.5 sec at any level is considered 
to be clinically significant. In addition, 
O'Donnell and associates18 have shown that 
a sum of the venous closure times from 
the superficial femoral and popliteal veins 
exceeding 4 sec is accurate in predicting 
severe venous reflux. 

Advantages 
The standing cuff inflation-deflation tech
nique, combined with duplex ultrasono
graphy, provides a quantitative estimate of 
valve closure time in specific segments of 
the deep and superficial venous systems. All 
venous segments, including major perforat
ing veins, can be studied using this method, 
which mimics venous valvular physiology. 
The deficiencies of the Valsalva maneuver 
and manual compression techniques, cited 
previously, are overcome by use of distal 
limb cuff compression to ensure adequate 
extrinsic venous pressure and transvalvular 
pressure gradients. The accuracy of the cuff 
inflation-deflation technique does not de
pend on the presence of incompetent valves 
proximal to the venous segment being 
studied, as does the Valsalva's maneuver. 

Limitations 
While they are relatively inexpensive items, 
an automatic cuff inflator and an air source 
capable of rapid cuff inflation are not 
common to all noninvasive vascular labo
ratories. Some laboratories find it helpful to 
have one sonographer perform the imaging 
component of the study while a second 
member of the staff assists with the cuff 

inflation and deflation procedures. Addi
tionally, patient and sonographer comfort is 
best achieved if the patient is examined 
while standing on a platform that is 18 to 
24 inches in height surrounded on three 
sides by a support railing. This places the 
patient's lower limb at a level approximat
ing the ultrasound system controls and 
allows the sonographer to assume an 
ergonomically correct position throughout 
the procedure. Such platforms are not 
universally available and may need to be 
specially constructed to meet individual 
laboratory designs. 

Care must be taken to observe the patient 
throughout the examination, as a small per
centage of patients with impaired venous 
function and venous dilation may experi
ence dizziness, as noted by Ballard and asso
ciates.3o This is most likely the result of 
deceased venous return during the cuff 
inflation procedure. 

SEGMENTAL VENOUS 
INCOMPETENCE 

It is not uncommon to find segmental 
valvular dysfunction in both the deep and 
superficial veins. Patients with venous ulcer
ation most often have three or four incom
petent segments, involving either the deep 
or superficial systems.31 Incompetence of 
the superficial veins is present in at least 
92% of cases with ulceration, while incom
petence of the deep veins at the ankle level 
is least common. 12 

van Bemmelen and Bergan31 have 
described the distribution of incompetent 
segments of the greater saphenous vein in 
patients with superficial venous insuffi
ciency. The greater saphenous vein was 
incompetent at knee level in 61% of limbs, 
at calf level in 49%, and in the proximal 
thigh in 32% of limbs. This finding empha
sizes the prevalence of distal superficial 
incompetence while the more proximal 
valves of the greater saphenous vein remain 
functional. In patients with incompetence 
of the greater saphenous vein at knee level, 
van Bemmelen and Bergan noted that less 
than 50% had multisegmental incompe
tence from the saphenofemoral confluence 
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to the level of the knee. A total of 34% of 
patients with greater saphenous incompe
tence at knee level and functional proximal 
superficial venous segments demonstrated 
deep venous reflux in the superficial fe
moral and popliteal veins. In these cases, an 
incompetent perforating vein was identified 
at the upper end of the incompetent 
segment of the greater saphenous vein. 

Lesser saphenous venous reflux is often 
found to occur segmentally. Incompetency 
of the proximal segment of the lesser saphe
nous vein has been reported in 36% of 
lower limbs, while 31% of limbs demon
strated reflux in the calf segments.31 If the 
valves in the distal segments remain com
petent, flow from incompetent proximal 
valves is diverted to superficial branches. 

CONCLUSIONS 

The vascular laboratory approach to the 
diagnosis of venous insufficiency is depend
ent on the clinical questions that are to be 
answered. The question of whether the 
patient has venous insufficiency can be 
answered with a thorough medical history, 
physical examination, and photoplethys
mographic refill time. Air plethysmography 
is reserved for patients whose global limb 
venous hemodynamics and the effective
ness of the calf muscle pump must be deter
mined to define therapeutic options. To 
accurately assess the deep, superficial, and 
perforating venous systems for valvular 
incompetence and to exclude residual 
venous obstruction, a complete venous 
duplex ultrasound examination should be 
performed, complemented by color flow 
imaging. To ensure the most accurate, site
specific definition of clinically significant 
valvular incompetence, segmental quantita
tive measurement of reflux using the 
standing cuff inflation-deflation technique 
should be employed. 
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Chapter 
27 

Nonvascular Pathology 
Encountered During 
Venous Sonography 

There are many things that may cause pain 
or swelling of the leg besides venous throm
bosis, and a number of these conditions 
may be detected sonographically. Addition
ally, a variety of asymptomatic conditions 
may be discovered in the course of venous 
ultrasound imaging. It is important, there
fore, that ultrasound practitioners recognize 
nonvascular pathology that is encountered 
in the course of venous ultrasound ex
aminations. 1-12 In this chapter, we cover 
the more commonly encountered condi
tions; namely, venous congestion, abscess, 
hematoma, adenopathy, soft tissue tu
mor, popliteal cyst, joint effusion, and 
lymphedema. 

VENOUS CONGESTION 

Bilateral lower extremity edema may result 
from elevated hydrostatic pressure within 
the venous system induced by congestive 
heart failure. The inability of the heart to 
pump blood adequately leads to back
pressure in the venous system, subsequently 
resulting in tissue edema and leg swelling. 
A second cause for venous congestion is 
fluid overload, which may result from renal 
failure or iatrogenic overhydration. Heart 
failure and fluid overload cannot be differ
entiated sonographically, as the end results 
in the extremities are the same-venous 
congestion and soft tissue edema. 

In the presence of venous congestion, the 
Doppler signals in large veins (e.g., iliac and 
common femoral) are pulsatile4 (Fig. 27-1) .  

In some cases, pulsatility may be so striking 
that it is difficult, at first glance, to know 
whether Doppler signals are venous or arte
rial. However, vessel identification is easily 
accomplished by comparing the Doppler 
signals in the vein and the adjacent artery 
and by noting the direction of blood flow 
(cephalad in the venous system). 

Soft tissue edema associated with venous 
congestion produces a reticulated pattern in 
the subcutaneous fat, as seen in Figure 27-2, 
caused by the accumulation of fluid among 
subcutaneous fat globules. Although less 
obvious, fluid also accumulates among the 
muscle bundles. Edema has devastating 
effects on sonographic resolution. The 
interfaces between tissue and fluid reflect 
and refract the sound beam in myriad direc
tions, attenuating both the incident and 
reflected waves and introducing noise. The 
result is a "snowy," low-resolution image 
that is especially problematic for imaging 
calf veins. 

Ultrasound venography is requested fre
quently in patients with bilateral leg 
swelling and dyspnea, in whom pulmonary 
thromboembolism is a consideration. Al
though it is logical, for reasons of sim
plicity and noninvasiveness, to begin the 
search for pulmonary thromboembolism 
with venous ultrasound, the likelihood of 
finding thrombus in patients with bilateral 
leg swelling is very low (5% or less) .s There
fore, the potential for overutilization of 
venous ultrasound in dyspneic patients 
with leg swelling is considerable. It has been 
shown that most such patients have con-
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FIGURE 27-1 . Pulsatile venous 
flow. Common femoral vein flow 
signals are markedly pulsatile in 
this patient with leg swelling due 
to right heart failure. : :: �' �,� ) �/ " .. 1 "I I # if. 1 ��.J� o . . c 

• j' � r ' l I J I �, : 
gestive heart failure. Proper clinical screen
ing is the only means for avoiding unnec
essary venous ultrasound examinations, 
and a number of protocols have been devel
oped that test the likelihood that a patient 
may have deep vein thrombosis/pulmonary 
embolus, but achieving a consistent level of 
screening is difficult to accomplish,6,7 

This is a good opportunity to emphasize 
an important fact about pulmonary throm
boembolism: A negative venous ultrasound 
examination does not exclude pulmonary 
embolus. About 25% to 30% of patients with 
documented pulmonary embolism do not 
have lower extremity venous thrombosis.6,7 
In such cases, the thrombus may already 
have embolized from the leg veins to the 
lungs, or the thrombus may have originated 

from other venous sources, including the 
pelvic and upper extremity veins. 

LYMPHEDEMA 

Lymphedema is another condition that may 
mimic the manifestations of venous throm
bosis.s Neoplastic or postsurgical obstruc
tion of the lymphatic system may cause 
extremity swelling and pain that are diffi
cult to differentiate from the effects of 
venous thrombosis. The sonographic mani
festations of lymphedema are no different 
from edema caused by venous congestion, 
as described previously. In the absence of 
detectable lymph node enlargement, no 
specific ultrasound findings point to lym-

FIGURE 27-2. Massive soft tissue edema gives the subcutaneous fat a marbled appearance in this patient with renal 
failure and fluid overload. 
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CHAPTER 27 Nonvascular Pathology Encountered During Venous Sonography 

phatic obstruction as the etiology. Sonogra
phy generally serves well, however, to 
confirm that the venous system is patent 
and is not the cause of the problem. 

ABSCESS AND CELLULITIS 

Abscess and cellulitis are both manifesta
tions of bacterial infection. The term abscess 
implies the formation of an enclosed col
lection of pus, whereas cellulitis refers to 
diffuse soft tissue infection without a focal 

FIGURE 27-3. Various appearances of soft 
tissue abscesses. A, This is an incisional abscess 
that developed after arterial bypass graft. Note 
the thick, irregular walls and low-level internal 
echoes. Enhanced through-transmission of 
ultrasound is present, as the contents are 
watery and produce little attenuation. B, Com
posite image of an extensive, poorly defined 
medial arm abscess in a diabetic patient. This 
abscess is much different than that shown in 
A. The borders of the abscess are not visualized 
at all. The presence of infection is indicated 
only by heterogeneous material (arrows) con
taining myriad tiny air bubbles that produce 
tiny bright reflections. Enhanced through
transmission is absent due to the echogenic, 
attenuating nature of the abscess contents. 
Magnetic resonance imaging was needed to 
demonstrate the full extent of the abscess, 
which was not encapsulated. 

B 

A 

purulent collection. Abscess and cellulitis 
cause swelling, skin erythema, pain, and 
tenderness. These signs and symptoms may 
closely mimic the manifestations of acute 
venous thrombosis, and for that reason, 
ultrasound is commonly used to sort out the 
two possibilities by ensuring that the 
venous system is patent. 

The soft tissue edema that accompanies 
cellulitis cannot be differentiated from 
edema generated by other conditions, such 
as congestive heart failure or fluid overload. 
If an abscess is present (Fig. 27-3A), 
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however, it can usually be identified with 
ultrasound as a circumscribed fluid collec
tion. Typically, the fluid contains low-level 
echoes or a layer of echogenic debris. Tiny 
gas bubbles within an abscess may produce 
myriad tiny bright reflections (Fig. 27-3B), 
and larger gas bubbles may occasionally 
generate focal bright reflections accompa
nied by acoustic shadowing. The margins of 
an abscess may be smooth and well defined 
or shaggy and poorly defined. Extremity 
abscesses tend to spread out longitudinally, 
along the confines of the fascial planes. 
Therefore, they may have an elongated, 
fusiform shape. 

HEMATOMA 

Extremity soft tissue hematomas usually 
occur in association with trauma (violent 
or iatrogenic) , anticoagulation, or vigorous 
exercise (usually in athletes). Hematomas 
may cause pain and extremity swelling that 
are difficult to distinguish clinically from 
the effects of venous thrombosis. Once 
again, sonography plays an important diag
nostic role in documenting the patency of 
the venous system. In addition, an acute 
hematoma may be directly visualized with 
ultrasound (Fig. 27-4), assuming that the 
blood collects locally and does not spread 
out within the tissues (ecchymosis). As seen 
with ultrasound, a hematoma initially is a 
hypoechoic mass that usually has ill-defined 
borders and is slightly heterogeneous. With 
time, the hematoma retracts and serum is 
exuded; at that point, the hematoma is a 
heterogeneous collection in which the 
echogenic thrombus is surrounded by an
echoic fluid. With lysis of the thrombus, a 
hematoma may become an entirely an
echoic fluid collection. Large hematomas 
may compress the venous system, causing 
venous distention and sluggish flow. In 
some cases, stagnation may lead to second
ary venous thrombosis. 

MUSCLE INJURY 

Muscle injury may result from a blow (con
tusion), from a penetrating injury, or from 
a "muscle pull ," which is a tearing of a 

muscle bundle in response to vigorous exer
cise or abrupt straining. Tearing of the 
muscle is accompanied initially by varying 
degrees of bleeding and, subsequently, by 
inflammation. Kim and colleaguesB report 
that injured muscle initially is hyperechoic 
and either homogeneous or heterogeneous. 
By about 7 days after injury, the affected 
muscle is intermediate to low in echogenic
ity and heterogeneous. These findings 
persist for at least 3 weeks after injury (Fig. 
27-5).  Long-term follow-up information is 
not available. With a muscle pull, the area 
of injury may be qUite focal and possibly 
fusiform in shape. Larger areas of abnor
mality may be seen with contusion. 

ADENOPATHY 

The term adenopathy refers to pathological 
enlargement of lymph nodes, whether 
from inflammatory or neoplastic causes. 
Adenopathy may cause extremity swelling, 
either by associated obstruction of lym
phatic drainage or by compression of the 
venous system. In some cases, the enlarged 
lymph nodes are tender. 

Massive adenopathy generates hypo
echoic confluent nodal masses that are 
readily identified sonographically (Fig. 
27-6A). These masses can generally be dif
ferentiated from abscesses or hematomas 
because blood flow can be demonstrated 
within the mass with color flow ultrasound. 
In addition, adenopathy tends to occur at 
specific sites, particularly in the axilla, in 
the groin, along the iliac vessels, or adjacent 
to the inferior vena cava and the aorta. In 
patients with extremity swelling, the so
nographers should be mindful that lym
phadenopathy may be the cause, through 
venous compression and restriction of 
venous flow. It is important to examine 
Doppler signals carefully for a continuous 
flow pattern indicative of proximal obstruc
tion (see Chapter 22) . If venous compres
sion is suspected, the sonographer may also 
search directly for adenopathy in the axilla, 
groin, or abdomen. 

Not all lymphadenopathy is seen in the 
form of a coalescent mass of nodes. Indi
vidual enlarged nodes may also be detected 
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A 

B c 
FIGURE 27-4. Various appearances of soft tissue hematomas. A, Composite image of an acute (hours-old) arm 
hematoma related to poorly controlled Coumadin therapy. Note the fluidlfluid level resulting from settling of non
clotted blood cells. E, An acute ( 12-hours-old) hematoma (arrows) in the popliteal fossa. This hematoma is fairly 
echogenic, consistent with its acute state and coagulation of the blood. C, Two-month-old asymptomatic 
hematoma at a saphenous vein harvest site. The well-defined collection is anechoic because the clot has lysed and 
the collection has become a hygroma containing blood breakdown products. 
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FIGURE 27-5. Muscle injury. A fusiform, heterogeneous region (arrows) is seen within the calf musculature at a 
site of pain and tenderness. The symptoms began one day previous, after the patient helped push a stalled 
automobile. 

during venous ultrasound examination. In 
such cases, it often is possible to differenti
ate between a neoplastic or inflammatory 
etiology by noting the shape of the node 
and the pattern of vascularity9-1 1  (Fig. 27-6 
B and C). With benign lymph node enlarge
ment, the normal ovoid nodal shape is 
maintained, with the short-axis diameter 
not exceeding half of the length of the 
node. In addition, fat is present in the 
hilum of the node, producing bright echoes 
that are surrounded by the low-level echoes 
of the nodal tissue. Finally, as seen with 
color flow imaging, blood vessels enter the 
node only through the hilum. With neo
plastic enlargement, tumor cells infiltrate 
the node and the normal architecture is 
replaced. The node becomes abnormally 
rounded, with the short-axis diameter 
exceeding half of the length. The fat within 
the hilum may be replaced by tumor, and 
in such cases, the bright fat echoes are 
no longer seen. In substantially enlarged 
malignant nodes, central anechoic or 
low-echogenicity zones may be seen due to 
necrosis. Finally, malignant nodes show 
substantial alteration of vascularity. The 
orderly branching of vessels from the hilum 
to the periphery is lost. Instead, irregular 
vessels follow a disorderly pattern, accom
panied by nonperfused areas of necrosis. 

In addition, blood vessels enter through 
the periphery of the node as well as the 
hilum. 

SOFT TISSUE TUMORS 

Benign or malignant soft tissue tumors1,12-14 
may be encountered in the course of ultra
sound venous examination, either as sub
jects of the examination or as incidental 
findings. The latter situation is particularly 
true of popliteal fossa or groin masses 
that are thought clinically to be cysts 
or aneurysms but instead are found to be 
tumors. Primary soft tissue tumors include 
leiomyomas, a variety of sarcomas, squa
mous cell carcinomas, and melanomas. 
Metastatic tumors may originate from a 
wide variety of sources, but those that 
metastasize to the extremity soft tissues are 
usually highly malignant. The ultrasound 
appea.rance of soft tissue tumors is variable. 
Some are solid, but others may contain large 
areas of liquefactive necrosis or hemor
rhage. The latter may resemble hematomas, 
abscesses, or cysts, but differentiation is 
commonly possible through the demon
stration of blood flow in solid portions of 
the mass (Fig. 27-7) . Some tumors are well 
defined, while others appear to infiltrate the 
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CHAPTER 27 Nonvascular Pathology Encountered During Venous Sonography 

c D 
FIGURE 27-6. Adenopathy. A, Markedly enlarged lymph node masses (arrows) are seen adjacent to the iliac (IL) 
vessels in a patient with lymphoma. B and C, Hilar and short-axis color flow views of an enlarged inguinal lymph 
node with normal architecture found during venous sonography. Note that the echogenic hilar fat is surrounded 
by hypoechoic nodal parenchyma and that vascularity is both central and orderly appearing. D, Power Doppler 
view of a lymphomatous inguinal node discovered incidentally during venous sonography. No hilum is visible, 
and the vasculature is disorganized. On orthogonal views (not shown) the node was spherical rather that ovoid, 
and several other abnormal nodes were seen in the same area. 

surrounding tissues. Color and spectral 
Doppler ultrasound have been used to 
assess the vascularity of soft tissue masses. 
Although Doppler features do not accu
rately differentiate between benign and 
malignant masses, malignant lesions tend 
to have irregularly distributed vessels that 
are oddly angulated and tortuous and 
change caliber abruptly. In addition, malig
nant lesions may contain prominent avas
cular areas due to necrosis. 13 Finally, high . 

flow velocity (exceeding 50 cm/sec) in affer
ent tumor arteries suggests malignancy, as 
does a low-resistance spectral waveform 
pattern. 

POPLITEAL CYSTS 

With chronic knee jOint dysfunction, 
certain bursae that communicate with 
the knee may dilate, forming cysts in the 
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FIGURE 27-7. Soft tissue tumor. A partially necrotic 
mass (M) is seen adjacent to the humerus (H). Disor
derly blood flow is evident in the lesion. This is a squa
mous cell carcinoma metastasis from an ipsilateral 
digital primary. 

vicinity of the popliteal fossa. 15,16 Pop
liteal cysts are particularly common in 
patients with severe degenerative joint 
disease and those with rheumatoid arthri
tis, but they are by no means exclusive 
to these conditions. The gastrocnemius
semimembranosus bursa most commonly 
becomes cystic, and when this occurs, the 
dilated bursa is called a Baker's cyst. This 
bursa lies posterior and medial to the knee 
jOint, between the muscles of the same 
names. Cysts at other locations in the 
popliteal fossa should not be called Baker's 
cysts. Instead, they should simply be 
referred to as popliteal cysts. As popliteal 
cysts enlarge, they dissect between the 
fascial planes and may extend down into 
the calf musculature. Large cysts are prone 
to spontaneous rupture, which causes pain, 
tenderness, and swelling in the calf. These 
signs and symptoms are indistinguishable 
from the manifestations of acute deep 
venous thrombosis. 

Ultrasound is the primary modality for 
differentiation between popliteal cysts and 
acute deep venous thrombosis. Popliteal 
cysts (Fig. 27-8) are usually well defined, 
rounded, and anechoic, but some chronic 

cysts may contain echogenic debris or may 
be diffusely echogenic. In the latter case, 
soft tissue neoplasms are a differential con
sideration. It is helpful in such cases to look 
for blood flow within the mass, which is 
not present in a cyst but may be seen in a 
tumor. 

Because it is the most common popliteal 
cyst, it is worthwhile to describe the specific 
features of a Baker's cyst: (1) The cyst is 
medially located and closely associated with 
the medial head of the gastrocnemius 
muscle; (2) the cyst is crescentic, as seen in 
transverse images; and (3) the upper end of 
the cyst is at the level of the knee jOint. 
Unfortunately, not all popliteal cysts have 
this typical location, but they usually have 
a typical cystic appearance. 

Popliteal cyst rupture probably cannot 
be confirmed absolutely with ultrasound, 
but certain features suggest cyst rupture; 
namely, irregular or ill-defined cyst borders 
(due to loss of turgor) and a pointed inferior 
end of the cyst. Normally, popliteal cysts 
have rounded borders. With rupture, the 
cyst fluid dissects inferiorly into the calf 
among the muscle bundles, giving the infe
rior end of the fluid collection a pOinted 
configuration. It should be remembered 
that the principal role of sonography is to 
determine whether the venous system is the 
cause of calf pain. If the venous system is 
patent, rupture of a Baker cyst becomes one 
of several diagnostic possibilities. 

Popliteal artery aneurysms may be mis
taken clinically for Baker's cysts, but differ
entiation is simple because blood flow is 
detected in the aneurysm (with the as
sumption that the vessel is patent), and 
continuity with the popliteal artery is easily 
demonstrated. 

JOINT EFFUSION 

A final condition that may mimic extremity 
venous thrombosis is acute knee arthropa
thy or trauma. Although the primary joint 
abnormality cannot generally be diagnosed 
with ultrasound, a joint effusion accom
panying the knee problem can easily be 
recognized. Fluid may be seen to distend the 
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FIGURE 27-8. Baker's cyst. A, Longitudinal 
view of the cyst (C). The arrow indicates the 
location of the knee jOint space, between the 
femoral condyle (FC) and the tibial plateau 
(TP) . B, A transverse scan demonstrates the 
characteristic medial location and crescent 
shape of a Baker's cyst (C). LC, lateral femoral 
condyle; MC, medial femoral condyle. C, Mul
tiple septa are present in a complicated 
popliteal cyst (C), which may contain hemor- C rhage or fibrinoid material. 

joint capsule laterally, medially, or above 
the patella in the quadriceps bursa (Fig. 
27-9). With a little diligence, fluid also may 
be recognized in other jOints, including the 
elbow and ankle. 17 At the knee, differentia
tion between jOint effusion and a popliteal 
cyst is not difficult, as the fluid is confined 

adjacent to the borders of the patella later
ally, medially, or superiorly. Sonographic 
identification of jOint effusion is important, 
as this finding may direct clinical investiga
tion toward the knee jOint and away from 
the deep venous system, which is assumed 
to be normal. 
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A B 
FIGURE 27-9 Knee joint effusion. Images obtained along the medial (A) and lateral (B) borders of the patella show 
joint fluid (F), which would not be visible in a normal knee. Note that the bony structure of the knee (arrows) is 
quite close to the fluid. 
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Chapter 
28 

Anatomy and Normal Doppler 
Signatures of AbdoIllinal Vessels 

The correct identification of abdominal 
vessels and the accurate assessment of blood 
flow in the abdomen require knowledge of 
vascular anatomy and of the Doppler char
acteristics of specific vessels. This funda
mental information is presented in this 
chapter. The reader should be familiar with 
concepts of arterial pulsatility and Doppler 
spectrum analYSiS, as presented in Section I, 
"Basics. "  

CELIAC ARTERY 

The celiac artery, also called the celiac trunk 
or celiac axis, is the most cephalad visceral 
branch of the abdominal aorta. It arises 
from the anterior aortic surface, between 
the diaphragmatic crura (Fig. 28-1) .  It then 
bifurcates about 1 to 3 cm from its origin 
into the common hepatic and splenic arter
ies, which are readily visualized with ultra
sound. The celiac artery also gives rise to the 
left gastriC artery, which is generally not 
visible sonographically. The branching 
pattern of the celiac artery is quite constant, 
occurring in approximately 93% of individ
uals. In the most common variations, one 
or more of the celiac branches arise sepa
rately from the aorta or from the superior 
mesenteric artery (SMA). In less than 1% of 
individuals, the celiac artery and the SMA 
arise from the aorta as a common trunk. In 
such cases, the common trunk splits into 
the celiac artery and the SMA within 1 or 2 
cm from the aorta. 1,2 

Ultrasound visualization of the celiac 
artery is best in the transverse plane (Fig. 
28-2), in which the T-shaped bifurcation of 

the vessel is characteristic. In older individ
uals with tortuous vessels, the "T" configu
ration may droop to the patient's left and 
be less apparent. The celiac artery origin is 
also seen readily in longitudinal images, 
but the branches are not well seen in this 
plane. Celiac artery Doppler signals have a 
characteristic low-resistance flow pattern, 
with a large amount of continuous forward 
flow throughout diastole, but a slightly 
higher resistance pattern is seen near the 
origin of the vessel. The splenic and hepatic 
branches also exhibit a low-resistance flow 
pattern, caused by the low flow resistance 
within the microcirculation of the liver and 
spleen.3 

If the celiac artery is occluded, collateral
ization occurs through the pancreaticoduo
denal arterial arcade, which is a network of 
small vessels surrounding the pancreas and 

Common 
hepatic a.  

Splenic a.  

Superior 
mesenteric a. 

FIGURE 28-1 . The celiac artery and its branches. 
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B 
FIGURE 28-2. Celiac artery ultrasound. A, Transverse sonogram of the celiac axis (C) as it divides into the common 
hepatic artery (CHA) and splenic artery (SA). Ao, aorta; lVC, inferior vena cava; SV, a segment of the splenic 
vein. B, Normal, low-pulsatility Doppler signal in the distal portion of the celiac artery. Peak systolic velocity is 
133 cm/sec, and end diastolic velocity is 47 cm/sec. 

duodenum. With the celiac trunk occluded, 
these vessels enlarge and feed into the gas
troduodenal artery, which reverses flow in 
order to supply blood to the common 
hepatic artery. Because of abundant oppor
tunities for collateralization, hepatic or 
splenic artery blood flow may appear 
normal, even though the origin of the celiac 
artery is occluded.4 

SPLENIC ARTERY 

The splenic artery (limb of the celiac T 
toward patient's left) follows a tortuous 
course along the posterosuperior margin of 
the pancreatic body and tail (Fig. 28-3A) 
and terminates by splitting into a number 
of branches in the hilum of the spleen. 
Along the way, the splenic artery gives 
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FIGURE 28-3. A, Splenic artery anatomy. B, Normal, low
pulsatility Doppler signal from the splenic artery. Peak sys
tolic velocity is 1 10 cm/sec, and end-diastolic velocity is 
45 cm/sec. 

B 

rise to several pancreatic branches, short 
gastric branches, and the left gastroepi
ploic artery. None of these vessels can be 
seen with ultrasound. Transverse scans 
from a midline approach usually reveal 
the proximal portion of the splenic artery 
(see Fig. 28-2A). The course of the distal 
portion of the splenic artery is difficult 
to image because of tortuosity. The distal
most portion of the splenic artery may be 
visualized through the spleen from a left 
lateral approach. Because of the tortuous 
course of the splenic artery, flow in this 
vessel is typically turbulent,S as seen in 
Figure 28-3B. 

HEPATIC ARTERY 

The common hepatic artery (Fig. 28-4) is 
the limb of the celiac T that heads toward 
the patient's right. After running a short dis
tance along the superior border of the pan
creatic head, the common hepatic artery 
gives rise to the gastroduodenal artery, 
which can often be seen with ultrasound at 

A 

the anterosuperior border of the pancreatic 
head. Beyond the gastroduodenal artery 
origin, the common hepatic artery becomes 
the proper hepatic artery, which follows 
the portal vein to the porta hepatis 
(entrance to the liver) . At this pOint, it 
divides into the left and right hepatic arter
ies, which penetrate into the hepatic sub
stance. The anatomic relationships among 
the hepatic artery, the portal vein, and the 
extrahepatic bile ducts are shown in Figure 
28-4B. 

The classic hepatic artery configuration 
just described is seen in 72% of individuals.s 
A number of alternative patterns may occur, 
the most noteworthy of which are the fol
lowing: (1) the common (4%) or right (1 1%) 
hepatic artery may arise from the SMA, and 
(2) the left hepatic artery may arise from the 
left gastriC artery (10%).2 

The hepatic arteries are usually well visu
alized sonographically from an anterior 
abdominal approach. The common hepatic 
artery is most easily identified at its origin 
from the celiac artery (see Fig. 28-2A) . The 
proper hepatic artery is seen on ultrasound 
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Liver 

Gastroduodenal a.  -+-----' 

Right hepatic a. _ 

�� ... ----- Celiac a.  
Lt . gastric a. 

-'-'---' --� Splenic a. 

Aorta 

Left hepatic a. 

Celiac a.  
Common bi le duct ..a......�- -- Left gastric a. 

Common hepatic a. --'-f'--.....,:::::::>-J<.....,j-"'--L-...--..... �- Splenic a.  

Portal v. --¥-

Gastroduodenal a. _"" __ ...J 

Superior 
mesenteric v. 

IVC 

Splenic v. 

--+----- Aorta 

FIGURE 28-4. A, The hepatic 
artery and its branches. B, Ana
tomic relationships among the 
hepatic artery, the portal vein, 
and the extrahepatic bile ducts. 
IVe, inferior vena cava. 

images near the porta hepatis that show the 
portal vein in short or long axes, as can be 
seen in Figure 28-SA. The right and left 
hepatic artery branches can be followed 
into the substance of the liver to a variable 
distance from the porta hepatis. As noted 
previously, the hepatic arterial system has 
low-resistance flow characteristics, with a 
large amount of continuous forward flow 
throughout diastole (Fig. 28-SB). 

SUPERIOR MESENTERIC ARTERY 

The SMA arises from the anterior surface of 
the aorta, immediately distal to the origin 
of the celiac artery (Fig. 28-6). The SMA gen
erally consists of a short, anteriorly directed 
segment and a much longer inferiorly 
directed segment that ends in the vicinity 
of the ileocecal valve. SMA branches supply 
the jejunum, ileum, cecum, and ascending 
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FIGURE 28-5. Ultrasonography of the hepatic artery. A, At the porta hepatis, the hepatic artery (HA) can be dif
ferentiated from the bile duct (BD), because blood flow is present in the former and not in the latter. Blood flow 
is also seen in the portal vein (PV). GB, gallbladder. B, Doppler examination confirms the identity of the (proper) 
hepatic artery, which has low-resistance arterial signals. 

colon, as well as the proximal two thirds of 
the transverse colon and portions of the 
duodenum and pancreatic head. As noted 
previously, the SMA may also give rise to an 
aberrant right hepatic artery (1 1%) or 
common hepatic artery (4%V 

The SMA is easily identified on longitudi
nal or transverse ultrasound images (Fig. 

28-7). The SMA serves as an important 
orienting landmark for scanning upper 
abdominal vessels because it has character
istic anatomic relationships with several 
epigastric structures that are well seen on 
transverse ultrasound images. Please review 
Figure 28-7 A and note the following. First, 
observe that the SMA is surrounded by a 
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Aorta --+-

Celiac a. 

J ... =- Lt. gastric a. 

/""lJII-r-- Splenic a.  

FIGURE 28-6. Superior mesenteric artery anatomy. 

distinctive, triangular mantle of fat that is 
very useful for identifying this vessel. 
Second, the SMA lies to the right of the 
superior mesenteric vein. Third, the pan
creas and the splenic vein lie anterior to the 
SMA. In contrast, the left renal vein (dis
cussed later) lies posterior to the SMA 
(between the SMA and the aorta) . These 
anatomic features are very distinctive, 
making the SMA an excellent point of ori
entation for abdominal scanning. 

SMA blood flow is best evaluated with 
longitudinal ultrasound images, because a 
lengthy segment of the vessel is visualized 
from a single perspective. The SMA Doppler 
spectrum shows turbulent flow near the 
arterial origin; however, as one moves dis
tally, flow becomes more uniform. In a 
fasting patient, a high-resistance flow 
pattern is seen in the SMA (see Fig. 28-7C), 
with sharp systolic peaks and absent late 

diastolic flow. Within 30 to 90 minutes after 
eating, however, the SMA flow assumes a 
low-resistance pattern (see Fig. 28-7D), with 
broad systolic peaks and continuous dia
stolic flow.3 These fasting/postprandial flow 
features have important diagnostic implica
tions, as discussed in Chapter 3 1 .  

PORTAL VENOUS SYSTEM 

The portal venous system transports blood 
from the bowel and spleen to the liver. The 
portal vein (Fig. 28-8) begins at the junction 
of the splenic and superior mesenteric 
veins, which converge immediately poste
rior to the pancreatic neck. The portal vein 
courses obliquely toward the right to termi
nate at the porta hepatis, where it divides 
into right and left portal branches. Each 
branch enters the corresponding lobe of the 
liver. 

The splenic vein lies immediately poste
rior to the pancreas and follows a straight 
course (unlike the tortuous splenic artery) to 
the hilum of the spleen. The body and tail 
of the pancreas "follow" the course of the 
splenic vein; hence, the pancreas is a good 
landmark for finding the splenic vein. 

The superior mesenteric vein extends 
almost straight caudad from the portal vein 
junction and parallels the course of the 
SMA, which lies to its left. The superior 
mesenteric vein is best seen with ultrasound 
in longitudinal veiws. 

Other tributaries of the portal venous 
system include the coronary vein and the 
inferior mesenteric vein, which are illus
trated in Figure 28-8. The inferior mesen
teric vein empties into the splenic vein in 
38% of individuals. Alternatively, it may ter
minate at the splenic-superior mesenteric 
vein junction (32%) or into the superior 
mesenteric vein itself (25%) .2 The coronary 
vein runs along the posterior aspect of the 
stomach toward the gastroesophageal junc
tion. This vein usually enters the superior 
aspect of the portal vein near the por
tosplenic junction,2 where it can be seen 
with ultrasound. The coronary vein may 
shunt blood from the portal to the systemic 
circulation in cases of portal hypertension 
(see Chapter 32). 
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CHAPTER 28 Anatomy and Normal Doppler Signatures of Abdominal Vessels 

FIGURE 28-7. Ultrasound of the superior 
mesenteric artery. A, Anatomic relation
ships of the SMA (superior mesenteric 
artery; S). Note that the SMA is surrounded 
by a distinctive layer of echogenic fat. The 
pancreas (Pane.) is anterior to the SMA. The 
aorta (Ao) is posterior to the SMA. IVe, infe
rior vena cava; SV, splenic vein. B, A long
axis view shows the origin of the celiac 
artery and the SMA from the aorta (Ao). 
C, Normal, high-resistance Doppler signal 
in the SMA of a fasting patient. D, Normal 
low-resistance postprandial SMA Doppler 
signals. 
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At. portal v. 

Superior 
mesenteric v. --+---� 

IVC Aorta 

Doppler assessment of portal vein flow is 
clinically important. This assessment is 
usually conducted with ultrasound views 
along the axis of the portal vein, as shown 
in Figure 28-9. Flow in the portal vein and 
its tributaries is normally toward the liver. 
Portal vein Doppler waveforms exhibit 
subtle phasic variation caused principally by 
respiration-related changes in thoracic pres
sure. The phasic pattern generates a "wind
storm" sound in the audible Doppler Signal, 
which is quite distinct from the pulsatile 
sound of the hepatic artery and other epi
gastric arterial branches. With right heart 
failure and fluid overload, right atrial pulsa
tions may be transmitted through the liver 
to the portal vein, which then exhibits pul
satile Doppler waveforms. 

The normal portal vein measures up to 13 
mm in diameter during quiet respiration in 
a supine patient.6 The caliber of the portal 
vein and its tributaries normally increases 
substantially during sustained deep inspira
tion. This is best seen in the splenic and 
superior mesenteric veins, which normally 
increase 50% to 100% in diameter from 
quiet respiration to deep inspiration.7,s With 
portal hypertension, the portal vein may 
dilate and respiratory variation in the 
splenic/superior mesenteric veins may be 
obliterated. 

FIGURE 28--8. Portal venous system 
anatomy. IVe, inferior vena cava. 

HEPATIC VEINS 

Typically, there are three major hepatic 
veins (Fig. 28-10), which converge on the 
inferior vena cava (lVC) at the diaphragm. 
The right hepatic vein runs in a coronal 
plane between the anterior and posterior 
segments of the right hepatic lobe. The 
middle hepatic vein lies between the right 
and left hepatic lobes and may be seen 
prominently on sagittal or parasagittal 
images of the liver. The left hepatic vein 
runs between the medial and lateral seg
ments of the left hepatic lobe. In 96% of 
indiViduals, the middle and left hepatic 
veins join to form a common trunk before 
entering the IVe.9 The caudate lobe has its 
own venous drainage, directly into the IVe. 
The hepatic veins and other anatomical 
structures are important landmarks that 
define hepatic lobar anatomy, as listed in 
Table 28-1 and illustrated in Figure 28-1 1 .  

The left hepatic vein frequently is dupli
cated, and a number of other variations of 
hepatic vein anatomy may occur.9 Accessory 
hepatic veins, which enter the IVe in loca
tions other than at the diaphragm (Fig. 
28-10), occur commonly, although they are 
rarely identified sonographically. lO Occa
Sionally, one of the three major hepatic 
veins is absent, typically, the right hepatic 
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B 
FIGURE 28-9. Ultrasound of the portal vein and its tributaries. A, Long-axis view of the portal vein (PV). IVe, infe
rior vena cava. B, Normal phasic Doppler spectrum in the portal vein. Peak velocity (Pk Vel) is 14 em/sec C, The 
splenic vein (5) is seen at its junction with the portal vein (PV). Arrow represents the superior mesenteric artery 
Ao, aorta; IVe, inferior vena cava; L, liver. 

FIGURE 28-10. Hepatic vein anatomy. IVe, 
inferior vena cava. 

Right hepatic v. 

I nferior right hepatic v. 

IVC 

Common trunk 

M iddle hepatic v. 

ri--- Left hepatic v.  

�';'1 
L_�_._j 
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Table 28-1 . Structures Defining Hepatic 
Lobar Anatomy 

Structure Location 

Right hepatic vein 

Middle hepatic vein 

Gallbladder fossa 

Ascending branch, 
left portal vein 

Falciform ligament 

Separates anterior and 
posterior segments, 
right lobe 

Separates right and left 
lobes 

Separates right and left 
lobes 

Separates lateral and 
medial segments, left 

lobe 
Separates lateral and 

medial segments, left 
lobe 

vein (6%), or less commonly, the middle or 
left hepatic veins. 

The hepatic veins are best visualized with 
ultrasound using a transverse subxiphoid 
approach, which yields an image of the 
three main hepatic trunks converging on 
the IVC, such as is seen in Figure 28-12. 
From this perspective, however, blood flow 
often cannot be visualized in the right 
hepatic vein, because the axis of this vein is 
perpendicular to the ultrasound beam. The 

right hepatic vein is seen to greatest 
advantage using a coronal scan plane 
and an intercostal transducer position (Fig. 
28-12C) . The right hepatic vein is the only 
major venous trunk that can be seen from 
this perspective. 

The normal hepatic veins are sonolucent 
structures embedded within the liver 
parenchyma. Hepatic veins may be differ
entiated from portal veins by the following 
sonographic features: 
1 .  Course: Hepatic veins are more or less 

longitudinally oriented, whereas portal 
veins run in transverse planes. 

2. Convergence: The hepatic veins con
verge on the IVC at the diaphragm, 
whereas the portal veins converge on the 
porta hepatis. 

3. Changes in size: The hepatic veins 
enlarge progressively toward the dia
phragm, whereas the portal veins be
come larger as they approach the porta 
hepatis. 

4. Margins: Hepatic veins have "naked" 
margins, whereas the portal veins are sur
rounded by a heavy sheath of echogenic 
fibrous tissue (see Fig. 28-12B). 

Hepatic vein Doppler signals are quite 
different from those typically seen in the 

Right lobe Left lobe 

Posterior 
seg. -j�=====-. 

Anterior 
seg. -

1 .  Right hepatic v. 
2 .  Middle hepatic v. 
3. Left hepatic v. 4. Inferior vena cava 

I 

5. Portal v. 

Medial Lateral 
seg. seg. 

6. Ascending left portal v. 
7. Falciform lig. 
8.  Gallbladder 

FIGURE 28-1 1 .  Anatomical landmarks 
that define the major hepatic lobes 
and segments (seg). V, vein. 
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A B 

c 
FIGURE 28-1 2. Hepatic vein sonography. A, Transverse view of the three main hepatic vein trunks as they enter 
the inferior vena cava. L, left hepatic vein; M, middle hepatic vein; R, right hepatic vein. B, Coronal view showing 
the right hepatic vein (R) at its junction with the inferior vena cava (lVC). 

portal vein. Blood flow in the hepatic 
veins has a somewhat chaotic, pulsatile 
pattern that results from transmission of 
right atrial pulsations into the veins. The 
Doppler spectrum (see Fig. 28-13) reflects a 
combination of phasic variation and trans
mitted pulsations. 

FIGURE 28-1 3. Normal hepatic 
vein Doppler signals. Note that 
these pulsatile signals are quite 
different from normal portal 
vein Doppler signals. 

INFERIOR VENA CAVA 

The normal IVe is situated anterior to the 
spine and to the right of the aorta. The Ive 
begins at the junction of the common iliac 
veins and terminates in the right atrium 
(Fig. 28-14). m
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---c-;..---4v-- Hepatic vv. 

Left renal v. 

Lt. gonadal v. 

FIGURE 28-1 4. The inferior vena cava (rvC) and its 
tributaries. 

The upper abdominal portion of the IVe 
is easily visualized sonographically, l l-13 
using the liver as an acoustic window (see 
Chapter 29) . The inferior portion of the IVe 
may be difficult to visualize, depending on 
the body habitus of the patient and the 
amount of overlying bowel gas. The size of 
the lVe varies markedly with respiration 
and throughout the cardiac cycle, but the 
lVe seldom exceeds 2.5 cm in diameter. 13 
Deep inspiration limits venous return to the 
chest, markedly dilating the lVe. Expiration 
has the opposite effect. The IVe diameter is 
also dependent on patient size and right 
atrial pressure (diameter is increased with 
fluid overload or heart failure). 

Doppler flow signals in the IVe are some
what pulsatile near the heart because of 
reflected right atrial pulsations. Farther dis
tally, the flow pattern is phasic and is similar 
to the pattern seen in extremity veins. 

Most anomalies of the lVe occur at and 
below the level of the renal veins.lO Of these, 
the most common are duplication (0.2%-
3.0%) and transposition (0.2%-0.5%). In 
both of these anomalies, the left-sided Ive 
usually crosses over to join the normal 

Left renal v. 

Left inferior 
vena cava 

FIGURE 28-15.  Anomalous, left-sided inferior vena 
cava. 

right-Sided IVe at the level of the left renal 
vein (Fig. 28-1 5). Interruption of the Ive 
with azygos or hemiazygos continuation 
(0.6%) results from failure of the intrahe
patic segment of the Ive to form. Flow is 
diverted to the heart via the azygos and 
hemiazygos veins, and the hepatic veins 
drain directly into the right atrium. 

RENAL ARTERIES 

The renal arteries (Fig. 28-16) arise from the 
aorta, slightly below the origin of the SMA. 
The origin of the right renal artery is usually 

IVC 

At. renal a. 

Lt. renal a. 

FIGURE 28-16. Renal artery anatomy. IVe, inferior 
vena cava. 
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CHAPTER 28 Anatomy and Normal Doppler Signatures of Abdominal Vessels [5";�'1 
slightly superior to the left, but this rela
tionship is not constant. The right renal 
artery arises from the anterolateral aspect of 
the aorta and then passes posterior to the 
IVC as it courses toward the right renal 
hilum. The left renal artery arises from the 
lateral or posterolateral aspect of the aorta 
and follows a posterolateral course to the 
left renal hilum. 

Almost one third of kidneys are supplied 
by two or more arteries arising from the 
aorta. 14 In some of these cases, the main 
renal artery is duplicated. In other 
instances, accessory renal arteries arise from 
the aorta superior or inferior to the main 
renal artery and may enter the kidneys 
either at the renal hilum or at the poles 
of the kidney. Extrahilar accessory arteries 
also may arise from the ipsilateral renal 
artery, the ipsilateral iliac artery, the aorta, 
or, occasionally, from other arteries in the 
retroperitoneum. 

The branching pattern of the renal arter
ies is illustrated in Figure 28-1 7. The renal 
arteries typically divide into anterior and 
posterior divisions that lie, respectively, 
anterior and posterior to the renal pelvis. 
The anterior division branches into four 
segmental arteries, whereas the posterior 
division supplies only a single renal 
segment. The segmental arteries branch 
farther within the renal sinus, forming 
interlobar arteries that penetrate the renal 
parenchyma. These terminate in arcuate 
arteries that curve around the corti
comedullary junction, giving rise to cortical 
branches. 14 

With ultrasound, the renal artery origins 
(Fig. 28-18A and B) are usually best visual-

FIGURE 28-1 7. Distal arborization of 
the renal arteries. 

Anterior 
superior 

Anterior 
inferior 

ized by scanning transversely from a 
midline anterior approach. The right renal 
artery can usually be followed to the kidney 
with this approach, but visualization of the 
left renal artery may not be possible from 
this transducer position. In such cases, 
coronal scans from a posterolateral trans
ducer position is a useful alternative. This 
approach works best in lean individuals and 
is especially useful in infants and small chil
dren (see Fig. 28-18C). In large adults, the 
distal renal artery may be seen using the 
posterolateral transducer position, but it 
may not be possible to follow the renal 
artery back to the aorta. 

Renal artery Doppler signals have a low
resistance flow pattern, as seen in Figure 
28-18D. Continuous forward flow is present 
in diastole because of low resistance in the 
renal vascular bed. This flow pattern is 
evident at all locations in the renal arteries, 
including the intrarenal branches.s 

RENAL VEINS 

Each renal vein is formed from tributaries 
that coalesce in the renal hilum. As illus
trated in Figure 28-14, the left renal vein 
usually receives the left suprarenal (adrenal) 
vein from above and the left gonadal 
(ovarian or testicular) vein from below. The 
left renal vein then passes anterior to the 
aorta and posterior to the SMA, to enter 
the left side of the IVe. The right renal 
vein, which is shorter than the left renal 
vein, extends directly to the IVC from the 
right renal hilum and usually receives no 
tributaries. 

�-- Superior --� 

-+'1:-+--- Inferior --f--7f--

Ureter 

Anterior Posterior 
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A 

c 

D 

E 

B 

FIGURE 28-1 8. Sonographic appearance of the renal 
arteries and veins. A, Transverse image of the right 
renal artery (RRA) and right renal vein (RRV). Note that 
the artery lies posterior to the inferior vena cava (IVC) 
and the renal vein. Ao, aorta; RK, right kidney. B, Trans
verse image of the left renal artery (LRA) and the left 
renal vein (LRV). Once again, the renal artery is poste
rior to the renal vein. It is important not to mistake the 
vein for the artery. Ao, aorta; IVC, inferior vena cava. 
e, Coronal view of the left (LRA) and right (RRA) renal 
arteries in a premature infant (head to left). D, Normal, 
low·pulsatility renal artery Doppler spectrum. Peak sys
tolic velocity (PSV) is 82 cm/sec. E, Normal phasic renal 
vein Doppler spectrum. Peak velocity (Pk Vel) is 
22 cm/sec. 
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The left renal vein may be circumaortic 
( 1 .5%-8.7%), with separate veins passing 
anteIior and posterior to the aorta. The left 
renal vein may also be retroaortic in loca
tion (1 .8%-2.4%), with a single branch 
passing posterior to the aorta, rather than 
anterior. Accessory renal veins are com
monly present on the right side, draining 
directly into the IVe.ll,14 

The renal veins can best be visualized 
with ultrasound (see Fig. 28-18A, B) on 
transverse scans from an anterior approach. 
In small children and lean adults, the renal 
veins also may be seen coronally from a pos
terolateral approach. Sonographers should 
be mindful that the left renal vein crosses 
the midline between the aorta and the SMA. 
This differentiates the left renal vein and 
the nearby splenic vein, which lies anterior 
to the SMA. 

Doppler signals in the renal veins (see Fig. 
28-18E) show the same phasic flow varia
tion as the IVe. Transmitted cardiac pulsa
tions may be evident in the renal veins near 
the IVe. 
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Chapter 
29 

Ultrasound Assessment of 
the Aorta, Iliac Arteries, and 

Inferior Vena Cava 

THE AORTA AND 
ILIAC ARTERIES 

The focus of this chapter is on the aorta, and 
especially aortic aneurysm. In the early days 
of sonography, the aorta represented a 
success story, for it could be successfully 
examined with ultrasound, even in the 
bistable ultrasound days prior to the devel
opment of gray-scale instrumentation. The 
ability to reliably visualize the iliac arteries 
with ultrasound came much later, with the 
development of real-time ultrasound instru
ments, and especially with the emergence of 
color flow sonography. 

Normal Anatomy 

Aortic and iliac artery anatomy is illustrated 
in Chapter 28, but there are a few details 
that reqUire emphasis. The normal abdom
inal aorta1-S (Fig. 29-1) has a clearly defined 
wall and smooth margins and tapers very 
slightly below the level of the renal arteries. 
The maximum infrarenal aortic diameter 
averages 2 cm in adults and varies little with 
respect to age, gender, race, and body size.4,s 
The abdominal aorta lies adjacent to the 
spine throughout its course, slightly to the 
left of midline. In contrast, the inferior vena 
cava (lVC) lies to the right of the midline 
and gradually moves away from the spine as 
it passes through the liver and diaphragm. 
In the upper abdomen, therefore, it is pos
sible to differentiate between the aorta and 
the IVC at a glance, by simply noting the 

position of the vessels relative to the spine. 
The normal iliac arteries (Fig. 29-2) are 
smoothly marginated and uniform in 
caliber. The maximum diameter of the 
common iliac artery (outer to outer) is 
15 mm in men and 13 mm in women. The 
external iliac and common femoral arteries 
are slightly smaller, measuring up to 1 2  mm 
in men and 1 1  mm in women.6 In older 
individuals, the iliac arteries may be quite 
tortuous. 

Terminology 

An artery is considered aneurysmal when 
its diameter equals or exceeds 1 .5  times 
the normal diameter. Considering that the 
normal aorta does not exceed 2 cm in diam
eter distally, it is considered aneurysmal 
at 3 cm.I-7 Aneurysmal dilatation is often 
localized, but some aneurysms may extend 
over long segments of an artery. Certain 
terms, including saccular and fusiform, are 
used to describe the shape of aneurysms. 
Other terms, including true aneurysm, false 
aneurysm, and mycotic aneurysm, describe 
the pathologic type or causes of aneurysms. 
It is useful to review some of these terms, as 
their meaning is not self-evident. 

True Aneurysm 

The composite layers of the vessel wall 
are intact but stretched in true aneurysms 
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FIGURE 29-1 . The normal aorta. 
A, A composite, longitudinal 
view demonstrates the entire 
aorta (Ao) from the diaphragm, 
on the left, to its termination, 
on the right. Note that the aorta 
tapers slightly below the level of 
the superior mesenteric artery 
(arrow), and that the aorta 
follows the course of the spine. 
B, Transverse view of the aorta 
(Ao), the inferior vena cava 
(IVC), and the spine. The aorta 
measures only about 1 .5  cm in 
this individual. 

FIGURE 29-2. Normal iliac arteries. A, This coronal view shows the bifurcation of the aorta (Ao) into the right 
(RCIA) and left (LCIA) common iliac arteries. B, The common iliac artery (CIA) is seen to divide into the external 
(EIA) and internal (IIA) iliac arteries. 
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Adventitia 

Media 

I ntima 

A B c o 
FIGURE 29-3. Aneurysms and dissection. A, Normal arterial wall components are shown. B, In a true aneurysm, 
the components of the arterial wall are "stretched." C, In a false aneurysm, a hole is present in the arterial wall, 
with an adjacent confined collection of blood. D, In arterial dissection, a hematoma forms between components 
of the wall. 

(Fig. 29-3). The great majority of aortic and 
iliac aneurysms are true aneurysms. An
eurysms represent focal weakening and 
stretching of the arterial wall. The precise 
pathogenic cause of aortic and iliac ane
urysms is unknown. They frequently occur 
in association with atherosclerosis, but they 
are not caused by atherosclerosis per se.8,9 

False Aneurysm 

A false aneurysm occurs when a hole in the 
arterial wall permits the escape of blood, 
which is subsequently confined by sur
rounding tissues (see Fig. 29-3C) . The 
extravasated blood forms a hematoma into 
the center of which blood continues to cir
culate. The aneurysm is "false" because it is 
not confined by an arterial wall. Most false 
aneurysms result from iatrogenic arterial 
puncture followed by inadequate hemosta
sis, but false aneurysms may also result from 
violent trauma or localized destruction 
of the arterial wall by an infectious agent. 
The term mycotic aneurysm is used for 
infection-related lesions. False aneurysms 
also may occur at graft anastomoses. 

Arterial Dissection 

The term dissecting aneurysm is a mis
nomer, for the artery affected by dissection 

is not always aneurysmal (dilated) . The 
preferred term, therefore, is arteriaL dis
section. 10 This condition occurs when blood 
enters the media of the vessel through a 
rent in the intima and then dissects along 
the length of the artery (see Fig. 29-3D). 
The intima, and in some cases part of the 
media, are stripped away, and a new lumen, 
called the false lumen, is formed. Blood 
may flow freely through both the false 
lumen and the original (true) lumen to 
supply branch vessels. Arterial dissection 
requires two processes: the weakening of the 
media of the vessel and the development of 
a rent in the intima through which blood 
gains access to the media. Certain uncom
mon conditions, such as Marfan's syn
drome, weaken the arterial media and 
predispose individuals to arterial dissection, 
but the most important predisposing con
dition is age and its associated weakening of 
the arterial media. Although arterial dissec
tion occurs commonly in atherosclerotic 
vessels, atherosclerosis is not a causative 
factor. 

Aortic dissection begins almost invariably 
in the chest and extends into the abdomen. 
If the dissection begins in the ascending 
aorta, it may extend into the brachio
cephalic vessels. The most common site at 
which aortic dissection begins, however, is 
just below the left subclavian artery. The 
second most common site is the ascending 
aorta. 
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Aneurysm Screening 

The prevalence of aortic aneurysms (diame
ter >3 cm) in Western nations is 4.5% at age 
65 yr and 10.8% at 80 yry,12 For unknown 
reasons, aortoiliac aneurysms occur pre
dominately (76%) in menY Up to 60% of 
aneurysms are asymptomatic and are dis
covered incidentally on imaging studies or 
on physical examination. It is noteworthy, 
however, that physical examination is only 
58% sensitive and 75% specific for detect
ing aortic aneurysms of 3 cm or larger. Even 
for aneurysms 5 cm or larger, physical 
examination is only 82% sensitive. 7,13-15 
It is good practice, therefore, to check for 
"silent" aortic aneurysms in all elderly 
patients (especially men) who present for 
abdominal or retroperitoneal ultrasound 
examination. Recent interest in screening 
for aortic aneurysms has shown that most 
aortic aneurysms evolve between ages 60 
and 70 yr, and that if the abdominal aorta 
measures no more than 2.5 cm by age 70 yr, 
the likelihood of developing a clinically 
significant aneurysm is very IOW.l l,16-18 
Therefore, a single screening ultrasound 
examination between ages 65 and 70 
showing an aortic diameter of 2.5 cm or less 
virtually excludes aortic aneurysm for the 
rest of an individual's life. 

Aortic aneurysms are usually localized to 
the infra renal portion of the aorta and the 
common iliac arteries. They can, of course, 
occur elsewhere in the aorta and extremity 
arteries. The tendency for aortic aneurysms 
to occur infrarenally (below the renal ar
teries) is of great clinical importance, 
because the surgeon may conveniently 
maintain perfusion of the kidneys during 
surgical repair by cross-clamping the aorta 
below the renal arteries. Surgical repair is 
complex for aneurysms that extend cepha
lad to the renal arteries and may involve 
reimplantation of the renal arteries or 
mesenteric vessels. 

Aneurysm Presentation 

Symptomatic aneurysms present with ab
dominal, back, or leg pain. The presence of 
pain does not necessarily mean that the 

aneurysm is leaking, but sudden onset of 
severe back or abdominal pain suggests this 
possibility. Substantial leakage, or frank 
rupture, causes prostration or shock and is 
a catastrophic event carrying a mortality 
rate of approximately 50%. 19-21 The risk that 
an abdominal aortic aneurysm may rupture 
increases with aneurysm size. 7,10, 12, 19-24 In a 
large 1998 study, the potential rupture 
rate was 2%/yr for aneurysms less than 
4.5 cm in diameter and growth rates of less 
than 1 cm/yr.21 Older studies have shown a 
rupture rate of only 3% to 5% over a lO-yr 
period for aneurysms that remain less than 
5 cm in diameter. In contrast, the rupture 
rate is increased substantially for aneurysms 
measuring 4.5 to 6 cm, with a rupture rate 
of 10%/yr reported for aneurysms of this 
size.2o This figure is higher than previously 
reported estimates of 5%/yr for aneurysms 
of 5 cm or larger. 7 Surgical repair is gener
ally recommended for abdominal aortic 
aneurysms measuring 5 cm or greater in 
diameter and becomes more imperative at 
6 cm in diameter because the risk of rupture 
increases substantially for aneurysms of this 
size.24,25 

On average, the diameter of an abdomi
nal aortic aneurysm grows 2 to 5 mm per 
year.7,22,26-30 Average expansion rates are 
not very meaningful, however, because con
siderable individual variation exists. When 
an aneurysm is discovered, therefore, serial 
ultrasound measurements are usually made 
at 6-mo intervals to determine the rate 
of expansion. The usual interval for follow
up is 6 mo, but the follow-up may be yearly 
for aneurysms that are small and stable in 
size. 

Most iliac artery aneurysms occur in 
association with distal aortic aneurysms, 
and in such cases, the aortic aneurysm is 
generally the source of clinical concern. Iso
lated iliac artery aneurysms* are uncommon 
but may be deadly for two reasons. First, 
they often cannot be palpated, even when 
they are large, and therefore are not 
detected on physical examination. Second, 
rupture of an iliac artery aneurysm gener
ates nonspecific symptoms of abdominal or 
pelvic pain, the cause of which may not be 

*Not associated with aortic aneurysm. 
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recognized until the patient becomes 
hypotensive or dies. Iliac artery aneurysms 
3 cm or larger are generally believed to pose 
significant risk of rupture, and surgical 
repair or percutaneous stenting is recom
mended for iliac aneurysms of this size. Iliac 
artery aneurysms are usually located in the 
proximal or distal portion of the common 
iliac arteries. It is important, therefore, to 
visualize both areas in the course of 
aneurysm evaluation. 

Aneurysm Diagnosis 

The primary criterion for the sonographic 
diagnosis of an arterial aneurysm27,29,31-34 
is a focal increase in the caliber of the artery, 
with the diameter of the dilated segment 
measuring at least 1 . 5  times greater than 
adjacent unaffected segments. For aortic 
aneurysms, an additional feature is the 
absence of tapering of the aorta below the 
mesenteric and renal vessels. 

Aortic aneurysms have various gross con
figurations. Some are bulbous, with a sharp 

A 

Transverse image 

plane overestimates, 

junction, or neck, between the normal and 
aneurysmal portions. Others are fusiform, 
with a gradual transition between the 
normal and aneurysmal portions. Many 
aneurysmal aortas are tortuous, for the aorta 
typically elongates as it dilates. Tortuous 
aortas usually deviate to the left of the 
spine, as shown in Figure 29-4, but some 
may deviate anteriorly, creating a promi
nent kink at the aneurysm neck. 

Concentric layers of thrombus usually 
line the interior of large aortic or iliac 
aneurysms (Fig. 29-5), and this thrombus 
may . generate emboli that occlude distal 
arteries. Because of the presence of throm
bus, the outer dimensions of an aneurysm 
are often much greater than the dimensions 
of the lumen. Therefore, catheter arteriog
raphy usually underestimates the size of an 
aortic aneurysm because this technique 
visualizes only the arterial lumen.31,32 Ultra
sound, computed tomography, and mag
netic resonance imaging show both the wall 
and the lumen; therefore, they can accu
rately evaluate aneurysm size. Aneurysm 
thrombus contains a sparse cellular matrix, 

FIGURE 29-4. Measurement difficulties caused by aortic tortuosity. A, Note that the diameter of this tortuous aorta 
is exaggerated with a true transverse view and is correctly measured only in an oblique view. Coronal images elim
inate this problem. B, Composite coronal view of a markedly tortuous, aneurysmal aorta. 
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but a substantial supporting structure is 
absent and the material is jelly-like in con
sistency. Although some evidence indicates 
thrombus may reduce wall stress,27 it has no 
structural support per se, and the presence 
or absence of thrombus does not affect 
clinical decision making with respect to 
aneurysm repair. 19 The laminated structure 

FIGURE 29-5. Thrombus within an aneurysm. 
Concentric layers of thrombus surround the arte
rial lumen (L). 

of the thrombus can create lucent areas that 
occasionally mimic arterial dissection.34-36 

Examination Protocols 

I recommend the ultrasound examina
tion protocol presented in Table 29-1 for 

Table 29-1 . Examination Protocol for Aortic and Iliac Aneurysms 

1. Longitudinal 
Examine aorta, diaphragm to bifurcation. 
Use color flow to identify dissection, if present. 
Determine location and longitudinal extent of aortic aneurysm. 
Measure aortic aneurysm anteroposterior diameter, outer to outer. 
Examine iliac arteries to iliac bifurcation. Use color flow, at least briefly to detect flow disturbances 

associated with iliac artery stenosis. Document severity of stenosis, if present, as per Chapter 1 8. 
Measure iliac artery aneurysm(s), if present, outer to outer. 

2. Transverse 
Document the maximum diameter of the aorta at the diaphragm, superior mesenteric artery, and 

distally near the aortic bifurcation. 
Measure aneurysm anteroposterior and transverse diameters, outer to outer. 
Visualize the iliac arteries. 
Measure iliac artery aneurysm(s), if present, outer to outer. 

3. Coronal 
Measure aortic aneurysm, transverse dimension, outer to outer. 
Examine iliac arteries and measure aneurysm(s), if present. 

4. Color Doppler examination 
If examination time permits, confirm patency of superior mesenteric, celiac, and renal arteries, and 

examine for flow disturbances associated with stenosis. 
Measure distance from renal arteries to aneurysm neck. 
Alternatively, measure distance from superior mesenteric artery to aneurysm neck. 

S. Kidneys: longitudinal and transverse views 
Document kidney length and normal features. 
Document hydronephrosis, if present. 
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assessment of aortic and iliac aneurysms. 
To attain the best results, the following 
points should be noted with respect to this 
protocol. 33,35,37 
1 .  Always measure an aneurysm the way a 

surgeon does in the operating room, 
from the outer surfaces of the vessel 
(outer to outer) (Fig. 29-6). 

2. Sagittal and coronal planes are recom
mended for aneurysm measurement, as 
well as the transverse plane (see Fig. 
29-6). I do not have scientific proof that 
this method enhances accuracy, but in 
my experience, the use of these planes 
shows the point of maximum dilatation 
clearly in a way that is reproducible from 
one examination to the next. It also 
avoids error resulting from oblique trans
verse measurements. 

3. Coronal views are generally easier to 
obtain from the left side of the aorta than 
from the right side. 

4. The maximum interobserver variability 
for aortic measurement is approximately 
5 mm (95% confidence limits), and 
the mean variability is about 2.5 mm.33 
Therefore, an increase in size of less 
than 5 mm from one examination to 
another may not be Significant. Gradual 
size increase on serial examination is 
important. 

5 .  Remember, aneurysms do not decrease 
in size! To avoid looking foolish, be 
aware of the measurements reported 
previously before giving current meas
urements. 

6. Always determine whether an aneurysm 
extends to, or above, the renal arteries. 
This is done best by directly visualiz
ing the renal artery origins and measur
ing the distance from these vessels to 
the aneurysm. Time constraints often 
do not permit direct visualization of the 
renal arteries, but their location may be 
quickly inferred by measuring the dis
tance from the superior mesenteric artery 
to the aneurysm (see Fig. 29-6D). The 
renal arteries arise no more than 2 cm 
below the superior mesenteric artery; 
therefore, the renal arteries should be 
unaffected if the aneurysm begins 2 cm 
or more below the superior mesenteric 
artery.37 

7. The entire abdominal aorta must be 
examined to ensure that suprarenal 
aneurysms are not overlooked. 

8. An aneurysm at the bifurcation of the 
iliac arteries (Figs. 29-7 and 29-8) can 
easily be overlooked, because this area is 
difficult to visualize. A transducer posi
tion lateral to the rectus muscles (Fig. 
29-9) aids iliac artery visualization. 

9. Color flow imaging should always be 
used at some point in the aortic exami
nation to exclude aortic dissection and to 
identify iliac artery stenosis. 

Aneurysm Complications 

Potential complications of aortic aneurysms 
are atherosclerotic renal and mesenteric 
artery obstruction, hydronephrosis (from 
aneurysm compression of a ureter), retro
peritoneal fibrosis, and aneurysm rup
ture. 

Renal artery obstruction is not due to the 
aneurysm but is caused by coexisting ather
osclerosis. If severe, such obstruction may 
result in shrinkage of the affected kidney. 
This finding, as well as hydronephrosis, is 
easily identified with ultrasound, and for 
this reason, the kidneys are always evalu
ated in the course of aortic examination. 

Retroperitoneal fibrosis38,39 is a rare com
plication of unknown etiology. Fibrosis is 
manifested as a hypoechoic soft-tissue 
mantle that partially or completely sur
rounds the aorta and may extend bilaterally 
into the retroperitoneum. The ureters may 
be entrapped in the fibrotic mass, leading to 
hydronephrosis. 

The most disastrous complication of 
. aortic or iliac aneurysm is rupture.5,7,40,41 
Sonography is only rarely used when 
aneurysm rupture is suspected, because 
immediate surgery is often required to 
maintain life. In some cases, however, 
leakage of blood is contained by surround
ing tissues, lessening the acuteness of the 
clinical situation. In such instances, 
imaging is used to confirm that aneurysm 
leakage is the cause of the patient's symp
toms. Computed tomography is the pre
ferred method for this task,42 but as an 
expedient, sonography sometimes is used 
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FIGURE 29-6. Aneurysm measurement tech
nique. A, Longitudinal view of a distal aortic 
aneurysm measuring 4 cm in maximum 
anteroposterior dimension. The spine is visible 
posteriorly. B, As seen in the coronal scan 
plane, the transverse dimension is 4 .7  cm. 
Note that both the aorta (Ao) and inferior vena 
cava (IVC) are visible in the coronal plane. 
C, A transverse view demonstrates the anterior 
and posterior surfaces of the aneurysm clearly 
(4.2 cm). The lateral surfaces are less clearly 
seen. 
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FIGURE 29-6-cont'd. D, The distance from 
the superior mesenteric artery (SMA) to the 
neck of the aneurysm is 4.4 cm. E, Long-axis 
view of the right common iliac artery (RCIA), 
with focal dilatation of 18-mm diameter. F, 
Long-axis view of the left common iliac artery 
(LCIA), with focal dilation of 1 6-mm diameter. 
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merely to confirm the presence of an aortic 
aneurysm, implying that rupture is the 
cause of symptoms. The demonstration of a 
retroperitoneal hematoma provides direct 
evidence of aortic rupture (see Fig. 20-1, 
page 382) . The hematoma is hypoechoic 
and is usually unilateral or asymmetric. It 
typically displaces the ipsilateral kidney. 
Peritoneal fluid may also be present if the 
aneurysm has leaked into the peritoneal 
space. 

Arterial Dissection 

Computed tomography and magnetic reso
nance imaging are the primary imaging 
methods used for detecting and evaluating 
arterial dissection, in both the thorax and 
the abdomen. Arterial dissection may be 
encountered incidentally, however, during 

FIGURE 29-7. Aneurysms at the 
iliac bifurcation. A, An aortic 
aneurysm (Ao) is visible at the 
left. The common iliac artery 
(arrows) looks normal but the 
iliac bifurcation is not visual
ized. B, By tracing the iliac 
artery distally, an aneurysm 
(arrows) is identified in the 
distal common iliac artery. 

ultrasound examination, and it is impor
tant, therefore, for sonographers to recog
nize this condition. The distinguishing 
ultrasound finding in arterial dissection is a 
membrane that divides the arterial lumen 
into two compartments (Fig. 29-10). This 
membrane consists of the intima and, in 
some cases, a portion of the media. The 
membrane moves freely with arterial pulsa
tions if it is thin and if both the true and 
false lumens are patent. However, if the 
membrane is thick, or if one lumen is 
thrombosed, the membrane may move little 
or not at all. Duplex examination may 
demonstrate flow in both lumens, but dif
ferent flow rates may be present, and in 
some cases, flow in the false lumen may be 
too slow to be detected. The dissection 
membrane may be difficult to appreCiate on 
gray-scale examination; therefore, color 
flow should be used at least briefly in all 
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FIGURE 29-9. Transducer position lateral 
to the rectus muscle, for visualization of 
the iliac arteries. 

FIGURE 29-8. Isolated internal iliac artery aneurysm. 
A, In this patient with lymphoma, a hypoechoic mass 
(arrows) is seen in the pelvis near the external iliac artery 
(EIA). This was initially thought to be a nodal mass 
related to lymphoma recurrence. B, Color flow exami
nation shows flow in the mass (arrows) and apparent 
communication with the internal iliac artery (JIA), COI
rectly suggesting the diagnosis of aneurysm. C, Internal 
iliac artery aneurysm (arrow) was confirmed with arteri
ography and treated by embolization. 
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A 

c 

aortic examinations, as dissection is made 
readily apparent by color flow. 

The diameter of the aorta is generally 
increased by dissection but not as dramati
cally as with a true aneurysm. In addition, 
the proximal and distal ends of the dissec
tion may not be sharply defined, as with 
true aneurysms. Aortic dissection virtually 
always originates in the chest and extends 
into the abdominal aorta. Dissection also 
commonly extends into the iliac arteries or 
into the other aortic branches. The sonog
rapher should try to determine the extent 
of dissection within the abdomen (if this is 
not already known) and should look for 
extension into major aortic branches. 
Stenosis or occlusion of branch vessels com
monly accompanies dissection, and duplex 

B 

FIGURE 29-10. Aortoiliac dissection. A, A longitudinal 
view of the abdominal aorta shows a dissection mem
brane (arrows). B, Blood flow is present in both 
lumens. C, A transverse view of the aorta shows the 
apparent true lumen (arrow) and the adjacent false 
lumen. IVe, inferior vena cava. In this case, dissection 
extended into both common iliac arteries (not shown). 

sonography can provide valuable informa
tion about these complications. 

Aneurysms of Epigastric 
Aortic Branches 

Aneurysms form uncommonly in aortic 
branch arteries, including the superior 
mesenteric artery, the splenic artery, the 
hepatic artery, and the renal arteries .42,43 
Although these aneurysms are uncommon, 
they are of considerable importance, for 
they may be mistaken for abdominal masses 
arising from the pancreas, the liver, or other 
epigastric structures. This error is particu
larly apt to occur if the aneurysm does not 
pulsate because of surrounding fibrosis or 
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FIGURE 29-1 1 .  Masslike epigastric aneurysm at aortic graft anastomosis. This 75-yr-old man, who presented with 
upper abdominal pain, had undergone aortic aneurysm repair approximately 15 yr prior, but he had not received 
regular follow-up and could not remember his surgical history at the time of ultrasound examination. A, Sonog
raphy demonstrated a hypoechoic mass (M) located slightly to the right of the aorta, in the vicinity of the pan
creatic head. The mass did not pulsate, and Doppler examination was not done. Initially, the mass was thought 
to be a pancreatic pseudocyst or a necrotic tumor in or near the pancreatic head. IVe, inferior vena cava; SP, spine. 
B, An arteriogram showed that the mass communicated with the aortic lumen, confirming the diagnosis of 
pseudoaneurysm arising from the graft/aorta anastomosis. 

intraluminal thrombus. The correct diagno
sis in such cases can be made only if 
"aneurysm" comes to the sonographer's 
mind and Doppler imaging is used to detect 
flow within the leSion, as shown in Figure 
29-1 1 .  

Postoperative Assessment 

The traditional method of aortic aneurysm 
repair is surgical bypass grafting, using syn
thetic graft material. Within the past 5 yr, a 
second repair method has come into wide
spread clinical use; namely, endoluminal 
aortic stent grafting.23 The new procedure is 
less invasive and traumatic than abdominal 
surgery and reqUires only a brief hospital 
stay; therefore, it has been widely adopted 
as a primary aneurysm repair method. It is 
important, nevertheless, for sonographers 
to be familiar with the older surgical repair 
method, as a great number of patients 

remain alive who have had surgical repair. 
Furthermore, aortic aneurysm surgery will 
continue to be used in the future when stent 
grafting is not possible. Sonographic assess
ment of aortic bypass grafts is included 
here. Ultrasound evaluation before and after 
stent grafting is the subject of the chapter 
that follows. 

Three types of surgical graft procedures 
have commonly been used for aortic 
aneurysm repair (Fig. 29-12):  (1)  simple 
tube grafts for aneurysms limited to the 
aorta; (2) aortoiliac grafts; and (3) aorto
bifemoral grafts. In some cases, the aneurys
mal aorta is opened longitudinally, the graft 
is placed inside, and the native aorta is 
wrapped around the graft. This is done to 
isolate the graft and the duodenum, lessen
ing the chance of graft infection. The wrap
ping procedure creates a potential space 
that normally contains fluid during the 
immediate postoperative periods.44,4S Most 
aortic grafts have two components: the 
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A B 

c D 
FIGURE 29-1 2. Types of aortic grafts. A, Tube graft with 
end-to-end proximal and distal anastomoses. B, Aorto
bifemoral graft with end-to-end distal anastomoses. 
C, Aortobifemoral graft with end-to-side distal anasto
moses. D, The native aorta is wrapped around the graft 
and sewn closed. 

body, which is attached to the aorta, and 
the limbs, which are attached to the 
common or external iliac arteries. Tube 
grafts, of course, have only one part. The 
proximal end of the graft is usually attached 
to the aorta end-to-end, but occasionally an 
end-to-side anastomosis is used (end of graft 
to side of aorta) . The distal anastomosis is 
end-to-end for aortoiliac grafts and end-to
side for aortofemoral grafts. Femoral attach
ment is used when atherosclerosis or 
aneurysm precludes iliac attachment of the 
graft limbs. The end-to-side configuration 
permits retrograde external iliac artery flow 
needed to supply blood to the internal iliac 
branches. 

Technique and Normal Appearance 
of Grafts 
The objectives of postoperative ultrasound 
examination are to examine the full length 
of the graft, to evaluate blood flow for 
stenosis, and to detect pathologic fluid col
lections and aneurysm formation. The ultra
sound graft examination generally is fairly 
quick and easy. The sonographer begins at 
the proximal end and follows the graft to 
the distal end (or vice versa) using color flow 
imaging. As long as there are no flow dis
turbances indicating stenosis in the graft or 
the native arteries adjacent to the graft, we 
simply document the appearance of the 
proximal and distal anastomoses as well as 
the diameter of the graft body and limbs, 
and we document Doppler waveforms and 
velocities in the runoff vessels, just beyond 
the distal anastomoses. 

The graft material used for aortic bypass 
generally has a textured, or tram track, 
appearance, and is fairly echogenic (Fig. 
29-13); therefore, the graft can usually be 
identified easily. The exception to this rule 
is an old graft (e.g., >8 yr) that is invested 
with fibrous tissue or atherosclerotic plaque. 
These grafts can be difficult to identify. 
Slight puckering of the graft and the native 
artery is seen normally at the suture lines, 
causing visible thickening of the artery 
wall at the anastomosis. A small layer of 
fluid is normally present around the graft 
during the postoperative period. This 
fluid may be focal or diffuse and may persist 
for more than a week. Large fluid collec
tions may be present postoperatively 
around the body of an aortic graft if the 
native aorta is wrapped around it (Fig. 
29-14), and this fluid may persist for 
months. The important thing about post
operative fluid is that it should decrease in 
volume with time and ultimately disappear. 
Increasing fluid volume suggests graft 
infection. 

Complications 
Complications of aortic graft surgery may 
be divided into early and late periods. In the 
early period (weeks/months), surgery-
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FIGURE 29-1 4. A large postoperative fluid col
lection (F) is present between the aneurysm sac 
and the body of this graft (G). 

FIGURE 29-1 3. Sonography of an uncomplicated 
aortobifemoral graft. A, Proximal end· to-end anas
tomosis of the mildly dilated aorta (Ao) and the 
smaller-diameter graft (G). B, End-to-side anasto
mosis of the left graft limb (G) with the common 
femoral artery (CFA). Note that the weave of the 
graft is visible. C, Color flow image, same as part B. 
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related hematomas and seromas, as well as 
infection, are the principal problems. 
Hematomas are collections of blood, and 
seromas are collections of tissue fluid or 
serum. Either type of fluid is normally 
present adjacent to the graft in the days fol
lowing surgery, and these fluid collections 
occasionally may be large focally or may be 
located somewhat distant from the graft 
within the retroperitoneum. The sono
graphic appearance is that of any fluid 
collection: anechoic or mildly echogenic; 
homogeneous or heterogeneous. Although 
they cannot be differentiated from ab
scesses, postoperative hematomas and 
seromas should recede within weeks of 
surgery, as mentioned previously. Further
more, they are not associated with leukocy
tosis or other clinical signs of infection. 
These inconsequential fluid collections do 
not increase in size, and if they do, abscess 
should be considered. Abscess can be diag
nosed in two ways: (1) by aspirating fluid 
from the sonographically identified collec
tion and subsequently demonstrating the 
presence of bacteria via culture or Gram 
stain, or (2) by a combination of sono
graphic and clinical findings (e.g., perigraft 
fluid, leukocytosis, and fever). When 
abscess is diagnosed, it is important to 
determine whether the collection is imme-

diately adjacent to the graft or remote from 
it. A remote abscess (e.g., in a surgical inci
sion) may be drained percutaneouusly 
without significant clinical consequences, 
while a perigraft abscess necessitates graft 
removal (Fig. 29-15). Finally, it should be 
noted that graft infection may not be 
accompanied by sonographic abnormalities 
if the infection is indolent. In such cases, 
infection may be accompanied only by peri
graft inflammation that is not visible so no
graphically. Chronic infection is generally 
diagnosed by a combination of laboratory 
findings, clinical symptomatology, and 
computed tomography findings. 

In most patients, aortic bypass grafting is 
a durable procedure, and the graft may be 
expected to function without complications 
for 10 yr or more. Late graft failure may 
occur, however, from a variety of causes.23,46 
With time, the graft material may weaken 
due to fatigue imposed by the repeated 
stress of arterial pulsation. Fatigue may 
cause the graft to stretch and dilate, like an 
old sock, or it may lead to localized failure 
and the development of a leak accompanied 
by a pseudoaneurysm. These modes of fail
ure are uncommon, however. The ma
jority of long-term complications occur in
stead at the distal anastomoses, which 
tend to stretch and/or break down with 

FIGURE 29-1 5. An abscess (A) is present in a 
groin incision. Unfortunately, the abscess 
extends to the graft (G), implying that the graft 
is infected as well. 
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FIGURE 29-1 6. Graft pseudoaneurysm. A large 
pseudoaneurysm (PA) extends both superficial and 
deep to the distal anastomosis of an aortoexternal iliac 
bypass graft. 

time (Figs. 29-16 and 29-17) .  Stretching 
causes a true aneurysm to form at the anas
tomosis, involving both the graft and 
the native artery. Breakdown of the sutured 
graft-artery interface leads to pseudoan
eurysm formation. While these complica
tions may occur at any ansatomosis, they 
are usually seen at the distal anastomosis 
and are particualrly common at aorto
femoral anastomoses. The fact that most 
graft complications occur at the anasto
moses is the reason for emphasizing the 
identification of the proximal and distal 
anastomoses in the course of every sono
graphic graft examination. 

Aortic grafts are also subject to the devel
opment of stenosis and occlusion. Again, 
these are usually late problems and almost 
invariably occur at the distal anastomosis or 
in the runoff vessel. Stenoses usually occur 
not in the graft, but in the runoff vessel at 
or beyond the distal anastomosis. Occa
sionally, however, stenosis develops in a 
graft limb. Regardless of location, severe 
stenosis may cause stagnation of flow and 
thrombus formation in a graft limb, leading 
to occlusion. On ultrasound examination, 
stenosis is indicated by focal high velocity 
and disturbed flow that is readily detected 

________ ....... L-... 
with color flow sonography. Stenosis sever
ity is judged with Doppler velocity meas
urements, as discussed in Chapter 18.  
Occlusion is diagnosed by the absence of 
flow and the presence of echogenic material 
in the graft lumen. 

THE INFERIOR VENA CAVA 

The IVe is evaluated with ultrasound 
mainly to determine whether this vessel is 
patent and, if it is not patent, to determine 
the cause of obstruction. The pathologic 
condition that most often affects the Ive is 
thrombosis. Thrombus usually propagates 
into the IVe from a tributary vessel, but 
thrombosis can also develop secondary to 
obstructive processes that reduce Ive flow. 
In current medical practice, Ive filter place
ment is a relatively common cause of Ive 
thrombosis. Neoplasia is probably the 
second most common pathologic condition 
affecting the IVe. Primary tumors of the 
lve are rare, but extrinsic tumors that com
press or invade the IVe are more common. 
These include renal cell carcinoma, hepato
cellular carcinoma, and a host of other neo
plasms that metastasize to paracaval lymph 
nodes. Congenital anomalies of the IVe are 
rare, but sonographers should be aware of 
several of the more common anomalies, as 
described later. 

Ultrasound evaluation of the IVe42,47 is 
carried out in both longitudinal and trans
verse planes, but in my experience, longitu
dinal color flow images (Fig. 29-18) are 
most convenient and informative. If the 
Ive is the focus of interest, the vessel 
should be examined in its entirety, includ
ing the suprahepatic, intrahepatic, and 
intrahepatic portions. If obstruction is 
found, an attempt should be made to deter
mine its cause. If the lVe is thrombosed, the 
extent of thrombosis and involvement of 
tributary vessels should be ascertained. The 
suprahepatic and intrahepatic portiOns are 
readily examined with ultrasound, but the 
infrahepatic portion may be obscured by 
bowel contents. 

The mean diameter of the Ive in normal 
individuals43,48 is 1 7.2 mm, as measured just 
below the renal veins during quiet respira-
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tion. The lve ranges in diameter from 5 to 
29 mm during quiet respiration, and the 
diameter increases about 10% during deep 
inspiration. The proximal portion of the 
lVe has a pulsatile Doppler flow pattern 
contributed by right atrial pressure changes 

FIGURE 29-1 7. Graft aneurysm and 
stenosis (68-yr-old man with claudica
tion, 8 yr after aortobifemoral graft). A, 
A large aneurysm (black arrows) is 
present at the right femoral anastomo
sis of an aortofemoral graft (G). Only 
the near surface of the aneurysm is 
visible because extensive calcification 
of the aneurysm obscures deeper struc
tures. A tiny residual lumen is present 
along the near surface of the aneurysm 
(white arrow). B, Doppler investigation 
of the stenotic segment shows a 
peak systolic velocity of 298.4 cm/sec 
and an end-diastolic velocity of 
102.8 cm/sec, consistent with severe 
narrowing. 

occurring during each cardiac cycle.42,47 
Farther distal, near the confluence of the 
iliac veins, only respiratory variation may 
be observed on Doppler examination. 
Partial obstruction of the lve may eliminate 
normal flow variation. In such cases, 

FIGURE 29-18. Normal inferior vena cava (IVC) . The proximal end of the IVe is seen 
deep to the liver in a longitudinal view. The 
arrow marks the diaphragm. 
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Doppler flow signals distal to the point of 
obstruction are described as continuous, 
because a uniform flow velOcity is present, 
without respiratory or cardiac variation. 
Continuous flow is a significant finding that 
should prompt investigation for obstruction 
of more proximal portions of the IVe. 

Acute Thrombosis 

The ultrasound findings in acute IVe 
thrombosis42-44,47-49 are distention, absence 
of flow, and the presence of material within 
the vein lumen. The echogenicity of throm
bus varies with its age, as discussed in 
Chapter 24. In a typical case, the Ive is sub
stantially or completely occluded by throm
bus, but thrombus may occasionally prop
agate from a tributary vessel and float freely 
within the IVC lumen without blocking 
flow.4s,so The pitfalls for sonographic diag
nosis are the following: (1)  Acute Ive 
thrombus may be so hypo echoic that it is 
overlooked in the absence of color flow 
examination, and (2) false-positive diagno
sis of thrombosis may occur in very low
flow states in which Doppler flow detection 
is difficult. 

Inferior Vena Cava Filters 

Sonography is commonly used to evaluate 
devices called filters, which prevent throm
bus originating in lower extremity or pelvic 
veins from embolizing to the pulmonary 
circulation. These devices are placed in 
the Ive percutaneously, via the common 
femoral or jugular veins. When released 
from the cannula used for its insertion, the 
filter expands and attaches to the cava wall 
via small hooks projecting from its periph
ery. These devices do not significantly 
obstruct blood flow, but they trap throm
bus, preventing it from flowing farther 
cephalad. Filters are used in patients at risk 
for pulmonary embolization in whom anti
coagulation is contraindicated. 

Perhaps the most important function 
of ultrasound occurs before filter insertion
to ensure that the venous system is 
thrombus-free from the insertion site to the 

Ive. The presence of thrombus along the 
insertion course not only prevents filter 
placement, but it also imposes a Significant 
risk that attempted insertion will dislodge 
thrombus and cause dangerous pulmonary 
embolization. The insertion site (common 
femoral or internal jugular vein) is exam
ined directly with color flow and compres
sion sonography, and the patency of more 
proximal venous segments is assessed in
directly with Doppler, as described in 
Chapter 22. 

Inferior vena cava filter insertion may be 
complicated by thrombosis at the insertion 
site, inadequate position of the filter, Ive 
thrombosis, and pericaval hematoma result
ing from perforation of the cava.42,47,49-S6 
After filter placement, ultrasound is used 
when complicatiOns are suspected. Most 
often, this is to exclude or detect thrombo
sis of the introducer vein or the Ive or to 
assess the location of the filter relative to the 
renal veins. IVe filters should be positioned 
below the renal veins, as seen in Figure 
29-19, and the IVe should be patent distal 
to the filter. Although the filters trap throm
bus, the visualization of thrombus below 
the filter is considered abnormal.s3,s6 IVC 
perforation is uncommon, and although 
the resulting hematoma might be visible 
with ultrasound, computed tomography is 
likely to be more useful for diagnosis of this 
complication. 

Neoplastic Obstruction 

Neoplastic obstruction of the lve may 
result from compression by an extrinsic 
mass, tumor extension from the hepatic 
or renal veins, and, rarely, from a tumor 
arising in the wall of the IVe (most fre
quently leiomyosarcoma). Ultrasound diag
nosis of neoplastic IVe obstruction is made 
through the visualization of intraluminal 
tumor or an extrinsic tumor mass that 
compresses and secondarily obstructs the 
IVe.42,44,47-49,s7-s9 In the case of intraluminal 
tumor extension (Fig. 29-20), the origin of 
the tumor from either a renal or hepatic 
vein is usually readily apparent. Intralumi
nal tumor is moderately echogenic and has 
a characteristic color flow finding that dif-
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ferentiates it from thrombus. Small vessels 
are visible within the tumor on color flow 
examination. These, of course, are not 
present in thrombus, which is avascular. In 
most instances, it is not difficult to differ
entiate between intraluminal tumor exten
sion and extrinsic Ive compression by a 
neoplastic mass (Fig. 29-21) .  

Intrinsic or extrinsic neoplastic obstruc
tion may cause secondary Ive thrombosis, 
but this does not always occur. In such 
cases, Ive flow may be antegrade at a very 
slow rate, or flow may be reversed as a result 
of collateralization (Fig. 29-22). Whether 
patent or occluded, the Ive and tributary 

FIGURE 29-1 9. Inferior vena cava (lYC) filter. 
A longitudinal view of the lye shows the prox
imal end of a filter device (arrow). 

veins are likely to be dilated below the level 
of obstruction. Doppler examination of 
patent areas below the point of obstruction 
reveals continuous flow, as described 
previously. 

Anomalies 

Several anomalies of the Ive are notewor
thy: duplication, left-sided IVe, absence of 
the intrahepatic portion, and membranous 
obstruction of the intrahepatic portion. 
Because these conditions are rare, they are 
considered only briefly. 

FIGURE 29-20. Extension of re
nal cell carcinoma (arrows) into 
the inferior vena cava (IYC). 
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FIGURE 29-21 .  Extrinsic tumor compressing 
the inferior vena cava (IVC). Lymph nodes (N), 
enlarged by lung cancer metastasis, substan
tially compress the IVe and elevate the aorta 
(Ao) from the spine (S). The patient presented 
with bilateral leg swelling. 

Duplication occurs in the infrarenal 
portion of the IVC.48,6o Two IVes are seen, 
one on each side of the aorta. Each vessel 
continues cephalad as a direct extension of 
the ipsilateral iliac vein. In most cases, 
duplication ends at the level of the renal 
veins, with the left Ive draining into the 
left renal vein and subsequently into the 
right IVe, which describes a normal course 
through the upper abdomen. A variant of 
this anomaly is a left-sided IVe that extends 
cephalad into the azygous system. In such 
cases, the right-sided IVe may continue 
through the liver, or this portion may be 
absent, with flow crossing over to the left 
via the left renal vein. 

The intrahepatic portion of the Ive may 
be absent on a congenital basis.49,5o,61,62 In 
such cases, flow from the renal veins and 
the lower extremities may be carried back to 
the heart by a number of conduits, but the 
most common are the azygous or hemiazy
gous veins. With the latter conduits, blood 
is subsequently discharged into the superior 
vena cava, from whence it enters the right 
atrium. Ultrasound diagnosis is based on 
absence of the intrahepatic portion of the 
lve and direct drainage of the hepatic veins 
into the right atrium, with or without a 
short common trunk. This anomaly may be 
isolated and of no consequence, but it may 
also be a component of more serious con-

ditions that include congenital heart 
disease, cardiac situs anomalies, and visceral 
situs disorders. 

Membranous obstruction of the IVe is 
rare in the United States, but worldwide, 
this peculiar condition is the most common 
cause of hepatic outflow obstruction.54,55,63,64 
The IVe is present in this condition but is 
interrupted by an oblique or transverse 
fibrous septum that is typically located just 
cephalad to the insertion of the right 
hepatic vein. The middle and left hepatic 
veins may insert above or below the mem
brane and therefore may or may not be 
obstructed. The right hepatic vein is almost 
always obstructed. Although membranous 
IVe obstruction is thought to be a congen
ital anomaly, it typically does not present 
until early or middle adulthood, or it may 
be an asymptomatic, incidental finding. 
Typical presenting signs and symptoms are 
bilateral lower extremity swelling and signs 
of hepatic vein obstruction (see Chapter 
32). Ultrasound findings are diagnostic. The 
obstructing membrane is visible at the 
diaphragm, and blood flow is reversed in 
the IVe, which is markedly dilated. The 
obstructed hepatic veins are dilated and 
demonstrate sluggish, continuous flow. In 
addition, intrahepatic venous collateraliza
tion may be apparent, as well as findings of 
portal venous hypertension. 
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Chapter 
30 

Ultrasound Imaging Assessment 
Following Endovascular Aortic 

Slll Re e r  

In contrast to open abdominal aortic aneu
rysm (AAA) repair, objective follow-up and 
frequent assessment is critical after endo
vascular aneurysm repair. Because these 
devices (endografts), sometimes referred to 
as endovascular grafts, stent-grafts, or trans
luminally placed endovascular grafts, are 
relatively new and still evolving, patients 
undergoing endovascular AAA repair re
quire routine, lifelong follow-up and imag
ing surveillance. 

Color Doppler ultrasound has been 
used for aortic endovascular graft evalua
tion and has the advantage of being non
invasive, inexpensive, rapid, safe, nontoxic, 
and well tolerated by patients. This tech
nique has already become an important 
tool in both the planning and the post
operative evaluation of endovascular grafts 
placed for a variety of occlusive, traumatic, 
and aneurysmal vascular lesions and com
plications.I-9 Color Doppler ultrasound 
combines many of the ideal features of 
both angiography and spiral computed 
tomography (CT) . It allows the examiner 
to make both quantitative and qualita
tive assessments of blood flow through the 
endovascular graft, and, via a combina
tion of pulsed-wave and color flow Dop
pler, ultrasound can easily demonstrate 
normal or abnormal flow patterns that are 
associated with pathology. Because color 
Doppler is also relatively inexpensive, 
easily repeatable, and without known 
risks, it has become a primary means of 
surveillance for endovascular interven
tions.2,4.5,7,lO 

The primary objectives of the color 
Doppler examination following endovascu
lar AAA repair are to: 
1. Determine whether there is any persist

ent perigraft flow in the aneurysm sac 
(endoleak) . 

2. Measure maximal residual aneurysm sac 
diameter. 

3. Assess the flow through the endovascu
lar graft and identify any areas of steno
sis or occlusion. 

If flow is identified within the aneurysm 
sac, it is important to determine the 
origin of this flow (endoleak source, Table 
30-1),  as the source of the flow and the flow 
characteristics may determine subsequent 
treatment. Cross-sectional diameter meas
urements are recorded at each study occa
sion to determine maximum aneurysm 
size. When excluded from blood flow, an 
aneurysm should remain stable or decrease 
in size over time.lO,ll Any increase in size 
suggests the presence of flow into the 
aneurysm sac (endoleak) and therefore a 
continued risk of rupture, l 1,12 although 
increases in size have been reported without 
CT, angiographic, or color Doppler evidence 
of endoleak (endotension) .13-15 

It is also important to determine that the 
distal arterial circulation has been pre
served, by ensuring that there are no graft
threatening abnormalities within the body 
of the endovascular graft, the graft limb(s), 
or the inflow or outflow vessels. We have 
previously described a protocol for evalua
tion of endovascular grafts placed at the aor
toiliac level. 2 
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Table 30-1 . Endoleak Types 

Type la, lb 

Type 2 

Endoleak whose origin is at 
the proximal (la) or distal 
( lb) stent attachment site. 

Endoleak originating from a 
branch vessel. Possible 
sources include patent 
lumbar (posterior to the 
endovascular graft 
sonographicaUy), inferior 
mesenteric (anterolateral to 
the endovascular graft 
sonographically), accessory 
renal or hypogastric 
arteries, or other patent 
branches of the abdominal 
aorta. These are best seen in 
the transverse orientation. 

Type 3 Endoleak that originates at 
the junctions between 
components of modular 
devices or from fabric tears 
within the graft. 

Type 4 Transgraft flow or flow that 
fills the aneurysm sac due 
to porosity of the graft. 

Endotension Increase in aneurysm size in 
the absence of endoleak. 

If abnormalities are detected by color 
Doppler, contrast arteriography and spiral 
CT can be used to further define the 
problem in instances in which intervention 
is considered. This chapter describes a pro
tocol for identifying and characterizing 
findings associated with endovascular grafts 

performed for the repair of abdominal aortic 
and aortoiliac aneurysms. 

ENDOVASCULAR GRAFTS: 
OVERVIEW AND GENERAL 
CONSIDERATIONS 

The endoluminal placement of stent-grafts 
in sites remote from where the graft is 
introduced allows for repair of a variety of 
complex lesions while reducing the rela
tively high morbidity and mortality asso
ciated with traditional open operative 
repair. In 1991,  the first series of trans
luminally placed endovascular grafts for the 
repair of abdominal aortic aneurysms in 
high-risk patients was reported. 16 Since that 
time, significant advances in the design of 
endovascular stents and grafts have facili
tated their application in aortic and aor
toiliac aneurysms, permitting a larger 
percentage of patients to be treated with 
these devices. 17-zo The Montefiore Endo
vascular Graft System (MEGS) is the 
device we have the most experience with; 
however, a number of endovascular grafts 
for the treatment of AAA have been tested 
and validated in multicenter studies both 
in the United States and around the world 
(Fig. 30-1).  Currently, three devices (Table 
30-2) have been granted U.S. Food and 
Drug Administration approval for the treat
ment of aortoiliac aneurysms and are avail
able for widespread use in the United 
States.Z1-Z3 

FIGURE 30-1 . Endovascular 
grafts that have undergone trials 
in the United States. Left to right, 
Montefiore Endovascular Graft 
System (MEGS), Ancure, Van
guard, Talent, Corvita, AneuRx, 
Excluder, Zenith. Note the dif
ferent configurations and de
signs. Some are fully supported 
by metal (inside or outside) . The 
MEGS device seen here has a 
stent only at the proximal 
attachment site. 
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Table 3�2. Food and Drug 
Administration-Approved Grafts for 
Endovascular Abdominal Aortic 
Aneurysm Repair 

AneuRx (Medtronic, Sunnyvale, CA) 
Excluder (WL Gore, Flagstaff, AZ) 
Zenith (Cook, Inc., Bloomington, IN) 

Endovascular grafts are a combination of 
intravascular stent and prosthetic graft tech
nologies. The stent itself, in addition to any 
other adjuncts such as hooks or barbs, func
tions as the anchoring component of the 
endovascular graft and provides fixation to 
the attachment point as well as support 
for the body of the endovascular graft. The 
stent can be attached to an assortment of 
prosthetic grafts. Endovascular grafts use 
either self-expanding or balloon-expandable 

modified stents, with Gore-Tex or Dacron 
as the fabric most commonly used in the 
finished device. Once the endovascular graft 
is fixed into position within the vasculature, 
it permits direct flow through the endo
vascular graft only, avoiding communica
tion with the native arterial circulation, 
thus excluding the aneurysm. These 
endovascular grafts come in many types and 
configurations (Fig. 30-2). It is not un
common for endovascular aortic aneurysm 
repair to be supplemented by other ancillary 
procedures, such as femorofemoral bypass, 
intra-arterial coil vessel occlusion, or other 
vessel occlusion procedures (Fig. 30-3). ' 

Ideally, the endovascular graft is deployed 
immediately distal to the lowest renal artery 
proximally and as close to the iliac bifurca
tion as possible distally. In grafts with hooks 
or barbs, these penetrate a variable distance 

. FIGURE 30-2. Examples of the various configurations of endovascular grafts that may be encountered. A, On the 
left is a simple tube graft with stent attachments at the proximal and distal aneurysm necks. In the center is an 
aortoiliac endovascular graft, and on the right, an aortofemoral endovascular graft is shown (used for complex 
aortoiliac aneurysm repair) . Note the use of occluder devices and coils in the grafts in the center and right. Also 
note that the proximal stent crosses the renal arteries in the figure on the the right. B, A bifurcated modular device 
with a connecting joint. C, A Single-piece, aortobiiliac design. 
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FIGURE 30-3. Example of multiple interventions per
formed in conjunction with an endovascular graft (aor
tounifemoral, femorofemoral). The proximal fixation 
site is located at the level of the renal arteries, and the 
stent crosses the renal arteries (a). Coils have been 
deployed in the right internal iliac artery (b), and an 
occluder device is deployed in the contralateral 
common iliac artery (c). Both devices prevent backflow 
into the aneurysm sac. An endoluminal anastomosis is 
performed at the distal end of the endovascular graft, 
in the right femoral artery. Outflow to the extremities 
is via the ipsilateral (right) common femoral artery and 
the right-to-Ieft femoro-femoral graft. Retrograde flow 
in the left external iliac artery perfuses the pelvis. 

Type I I  

A B c 

Table 30-3. Advantages of Endovascular 
Graft Exclusion of Abdominal Aortic 
Aneurysms 

• Procedure is performed from remote site and 
avoids laparotomy. 

• Small incisions (femoral, brachial, or carotid 
artery cutdown for access).  

• No prolonged aortic clamping. 
• Decreased or no stay in intensive care unit. 
• Decreased length of stay ( 1 -2 d for 

endovascular vs. 6-8 d for open repair). 
• Decreased time to resumption of normal 

activity level. 

into the aortic wall at the proximal and/or 
distal fixation zones. In patients with no 
distal aortic neck or coincident iliac artery 
aneurysms, the endovascular graft is ex
tended to the iliac artery as dictated by 
the morphology of the aortoiliac aneurysm 
(Fig. 30-4) . 

While the endovascular repair of AAAs 
offers many benefits, (Table 30-3), there are 
several potential complications associated 
with this technique. The most significant of 
these complications are endoleak24,25 and 
graft migration, which have been described 
for all of the endovascular grafts that have 
been used to date for endovascular AAA 
repair. 

An endoleak is defined as flow outside of 
the endovascular graft that perfuses and 
pressurizes the aneurysm sac. This ongoing 
pressurization of the aneurysm sac carries 

FIGURE 30-4. Various configura
tions seen in patients with coex
isting aortic and iliac artery 
aneurysms. In type IIA, there is 
distal aortic involvement, and an 
aortobiiliac bifurcated endovascu
lar graft extending to the proximal 
common iliac artery is · used. In 
type IIB, there is common iliac 
artery involvement, and the bifur
cated graft is extended to the 
distal common iliac artery bifurca
tion. In type IIC, there is extensive 
iliac artery involvement, and the 
endovascular graft configuration 
described in Figure 30-3 is used. 
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Table 30-4. Complications Associated 
with Endovascular Repair of Abdominal 
Aortic Aneurysms 

Aneurysm growth 
Embolization 
Fahric tears 
Graft infection 
Graft migration 
Hook fracture 
Limh thrombosis 
Limb separation 
Endoleak* 

*Common to all endovascular grafts used to date. 

with it the persistent risk of aneurysm 
enlargement and rupture. The presence of 
an endoleak, therefore, negates the primary 
goal of the endovascular procedure and 
results in an aneurysm that remains inade
quately treated. 1l,24-3o Although other com
plications of endovascular AAA repair have 
been described (Table 30-4), considerable 
progress in patient selection and surgical 
technique has reduced the overall rate of 
these problems. Currently, the optimal 
method for postendovascular graft screen
ing and the most reliable method for detect
ing complications are subject to debate. CT 
is favored in some centers, and color 
Doppler ultrasound in others.31,32 

COLOR DOPPLER ULTRASOUND 
TECHNIQUE 

Patient Preparation 

As with all abdominal scanning, the quality 
of the examination may be degraded in the 
obese or gaseous patient, and preprocedural 
patient preparation may be necessary. The 
patient may be required to fast overnight or 
for at least 8 hr prior to the study to avoid 
the problems that can be introduced by 
intestinal gas. Usually, no other patient 
preparation is necessary. 

Technologist Preparation 

Prior to ultrasound evaluation, the technol
ogist/sonographer performs a brief history 
for symptoms of claudication (hip, buttock, 

or lower extremity) and impotence ' (as 
applicable) and a physical examination that 
includes palpation of the aortic and femoral 
pulses. An ankle-brachial index and/or 
pulse volume recording is obtained bilater
ally and compared with the preoperative 
measurement, where available, to ensure 
that baseline blood flow to the extremities 
has been maintained. 

To perform a thorough and optimal 
examination of the endovascular graft, the 
examiner must have considerable knowl
edge of the endovascular technique and of 
the various endovascular graft designs and 
configurations that are available and must 
also be familiar with the details of the sur
gical procedure. 

To this end, a review of all previous 
imaging studies is mandatory. This includes 
any preoperative or postoperative CT scans, 
color Doppler scans or angiograms, as well 
as any intraoperative imaging studies that 
have been performed. This review is impor
tant because the examiner must be familiar 
with the configuration and specific anatomy 
of the endovascular graft, 17,33,34 including 
the level of the proximal and distal attach
ment sites. This information is used to 
document endovascular graft migration 
(if it occurs) and to identify all possible 
endoleak sources in advance of the color 
Doppler examination (Fig. 30-5). Addition
ally, review of the operative report or dis
cussion with the operating surgeon is 
recommended to determine the following: 
(1) if there has been coil embolization of 
branch vessels or use of other vessel occlu
sion devices; (2) if supplemental proximal or 
distal arterial reconstructive procedures 
have been performed; and (3) if any other 
vessels have been treated with stents, either 
within the endovascular graft to support a 
portion to the graft or in the native artery to 
treat occlusive disease. Sonographic exami
nation concerns not only the aortic/iliac 
stent graft but also all other related arterial 
occlusion/reconstruction procedures. 

Ultrasound Equipment 

The examination is performed using a high
resolution, state-of-the-art duplex scanner 
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FIGURE 30-5. Potential endoleak sites. Types Ia and Ib: 
Leakage occurs at the proximal or distal stent attach
ment sites, as shown in yellow. Type 2: Backflow enters 
the aneurysm sac from a patent aortic branch or from 
back-bleeding through the iliac arteries. Type 3 or 4:  
Flow through the graft body itself. 

that provides color flow capability. The 
equipment selected must allow enough pen
etration to permit adequate insonation of 
the deep structures in the abdomen and 
pelvis with color flow sensitivity that allows 
the detection of slow flow velocities seen in 
endoleak, all at reasonable frame rates. A 

low-frequency (2.5- to 4-MHz) sector or 
curved array transducer is necessary to visu
alize these deep structures. Often, however, 
a variety of differently configured (linear) 
and higher-frequency transducers are 
needed to accomplish a complete study. 

In our department, all studies are 
videotaped for review by an interpreting 
physician, review by the sonographer/ 
technologist prior to follow-up studies, and 
archiving purposes. 

Technical Protocol4,5 

Patients are generally scanned in the supine 
position using a midline approach; how
ever, a left lateral decubitus pOSition often 
facilitates visualization of the entirety of 
the aneurysm sac. Occasionally, a right 
lateral decubitus approach may be nec
essary. 

Any examination that does not achieve 
visualization of the entire aneurysm sac is 
considered of limited diagnostic value, and 
the examination is repeated to correct the 
limitation or as deemed necessary by the 
interpreting physician. 

Ultrasound assessment begins with iden
tification of the intra-aneurysm sac portion 
of the endovascular graft in a transverse 
plane (Fig. 30-6). The endovascular graft is 
then followed proximally to the superior 
attachment site, where the endovascular 
graft-artery interface is seen. This site is typ-

FIGURE 30-6. Transverse image of an 
abdominal aortic aneurysm treated 
with a bifurcated endovascular graft. 
The red arrows mark the outer dimen
sions of the aortic sac. A color flow 
image is seen in the lower left of the 
figure. 
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FIGURE 30-7. Long-axis image of the aorta 
at the level of the superior mesenteric artery 
(SMA) origin. The proximal stent has been 
deployed distal to the SMA origin. The renal 
arteries, crossed by the proximal stent, are 
not seen in this projection. 

ically at, or immediately distal to, the level 
of the renal arteries, which are visible in the 
transverse plane. The renal arteries are 
important landmarks in the evaluation of 
an endovascular AAA repair. 

When the superior end of the endovascu
lar graft is identified, the transducer is 
turned longitudinally to view the long axis 
of the aorta. Alternatively, longitudinal 
assessment of the aorta is begun immedi
ately inferior to the xiphoid process in the 
midline or slightly to the left.3s After iden-

A B 

tification of the origins of the celiac or supe
rior mesenteric arteries (Fig. 30-7), scanning 
distally permits visualization of the stent or 
fixation component of the endovascular 
graft, which may cross the orifices of both 
renal arteries or may be deployed immedi
ately below the takeoff of the lowest renal 
artery (Fig. 30-8). 

The endovascular graft should be closely 
apposed to the arterial wall at the proximal 
end of the prosthesis. The aortic diameter at 
this site (proximal neck of the aneurysm) is 

FIGURE 30-8. Proximal stent attachment. A, This long-axis image shows the neck of an abdominal aortic aneurysm. 
The uncovered part of the stent has been deployed across the right and left renal arteries (RRA, LRA) in this patient. 
The large open an-ow identifies the proximal stent. B, This long-aXiS image of an endovascular graft was obtained 
at the level of the proximal fixation site. On the left side of the image is the aortic neck, the diameter of which 
is measured using electronic calipers (solid white line). The red an-ows connote the stent. The right (R) and left (L) 
limbs of the endovascular graft are seen to the right of the image. 
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measured and compared on follow-up 
examinations to assess for dilation of the 
aneurysm neck, as this can result in endo
vascular graft migration and/or endoleak 
(see Fig. 30-8) . Occasionally, the endo
vascular graft takes a sharp turn immedi
ately distal to the proximal attachment site. 
This occurs because the endovascular graft 
follows the tortuous course of the aorta 
caused by the adjacent aneurysm. 

After the proximal fixation site is identi
fied and evaluated, the transducer is moved 
proximally, and the suprarenal aorta is visu
alized and examined for defects, such as dis
section and intimal flaps, that may have 
resulted from the introduction and manip
ulation of devices used during endovascu
lar graft deployment (e.g., catheters, 
guidewires, sheaths) . Blood flow velocity is 
recorded immediately proximal to the 
endovascular graft device. The body of 
the endovascular graft is then scanned 
along its entire length in the color Doppler 
mode, and a search is made for flow ab
normalities and associated intraluminal 
defects. The maximal and minimal graft 
diameters also are measured. Flow velocities 
and waveforms are recorded in the intra
aneurysm portion of the graft body, with 
particular attention given to any sites of 
kinking and/or twisting that may result in 
stenosis and decreased distal flow. 

In straight or tube grafts (Le. ,  without iliac 
artery limbs), the distal attachment site, 
which corresponds to the distal neck of the 
aneurysm, is identified and the aortic diam
eter is measured at this point. Dilation can 
occur at this site, potentially resulting in 
endoleak or migration of the endovascu
lar graft. For aortoiliac or aortofemo
ral endovascular grafts, the iliofemoral 
segment of the endovascular graft (and the 
femorofemoral crossover graft, when 
present) is next examined for any abnor
malities. Flow velocity and waveforms are 
obtained at the distal endovascular graft ter
mination and in the outflow vessel distal to 
the graft. For these and all other velocity 
measurements, typical procedures are fol
lowed: The Doppler angle is maintained at 
60 degrees (preferably, or less if necessary), 
and the angle cursor is aligned so that it is 
parallel to the vessel wall. The distal end of 

the endovascular graft is usually attached to 
the surrounding artery wall by the support
ing stent of the endovascular graft but oth
erwise may be sutured endoluminally in the 
setting of a nonsupported endovascular 
graft.36 

To this pOint, the ultrasound examination 
has focused principally on the endovascular 
graft. The focus next is turned to the sur
rounding aneurysm (perigraft sac) . Special 
attention is directed to the detection of 
any flow outside the endovascular graft 
(endoleak), to measuring the size of the sur
rounding aneurysm, and to assessing for the 
presence and evolution of clot formation 
within the aneurysm sac. A moderately 
rapid longitudinal sweep (color flow cine
angio) of the endovascular graft and adja
cent inflow and outflow vessels is then 
performed and recorded for review by the 
interpreting physician. 

Finally, a worksheet is completed, and a 
diagram detailing the anatomy of the 
endovascular graft, adjacent vessels, flow 
velocities, waveforms, and the site(s) of 
any abnormalities that are detected is 
created as a reference for follow-up stud
ies. Ideally, the same examiner performs 
the follow-up studies; however, a well
documented study can avoid the problems 
of interexaminer or intra examiner variabil
ity that may be encountered on serial study 
evaluations. 

ENDOLEAK DETECTION 

Computed ' tomography is considered by 
many to be the gold standard for the detec
tion of endoleak following endovascular 
AAA repair. In skilled hands, however, color 
Doppler ultrasound is an accurate, cost
effective, noninvasive method to evaluate 
and follow endovascular grafts that can 
serve as a valuable adjunct (and in some 
instances be superior) to CT. Because of its 
obvious advantages, color Doppler is now 
being advocated by many as the test of 
choice to screen for endoleak and follow 
aneurysm size serially. 

Computed tomography is fundamentally 
a static imaging system that requires some 
precision in the timing of contrast injection 
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to obtain optimal diagnostic results. Several 
studies have demonstrated the superiority 
of color Doppler ultrasound over CT for 
identifying small, low-flow, type 2, side 
branch leaks and for documenting the 
source and outflow of an endoleak. 3,6,8,9,10 

These studies conclude that, side branch 
endoleak is more readily detected with color 
Doppler because it is a real-time imaging 
modality; that is, there is no dilution of con
trast material and no need to obtain delayed 
images. However, special care must be taken 
to adjust the pulse repetition frequency 
(PRF)/velocity range and color flow gain of 
the ultrasound equipment to allow for 
detection of the very-low-flow rates that 
exist in the aneurysm sac in association 
with type 2 endoleak. 

Both CT and color Doppler confirm the 
diagnosis of endoleak by identifying the 
presence of contrast or color flow outside of 
the endovascular graft but inside the 
aneurysm sac (Fig. 30-9) . Side branch 
endoleaks fill the aneurysm sac in a retro
grade manner (via patent collaterals) and 
may fill the aneurysm sac slowly, which is a 
problem for CT, since the time delay after 
contrast injection may be insufficient to 
detect these leaks. This is not a problem for 
color Doppler imaging, which visualizes the 
leak directly, without the need for a contrast 
agent. The use of color flow Doppler 
imaging is essential for confirming or 
excluding the presence of endoleak. When 
an aneurysm is successfully treated, the 
blood within its sac tends to clot. These 
areas of thrombus are generally easy to visu
alize on the B-mode image. The examiner, 
however, must be suspicious for the pres
ence of endoleak when echolucent areas are 
present within the aneurysm · sac (Fig. · 
30-10) .  Such lucent areas must be interro
gated thoroughly, as they may represent 
fluid blood within the sac that commu
nicates with the arterial circulation (endo
leak). In the early postoperative period, the 
movement of nonclotted blood within the 
aneurysm sac, caused by the pulsatile wall 
motion of the adjacent endovascular graft, 
may create color artifacts that mimic a true 
endoleak. We refer to this phenomenon as 
a pseudoleak (Fig; 30-1 1) .  Therefore, one 
must avoid the temptation to report an 

FIGURE 30-9. The upper panel is a computed tomo
graphic (CT) scan with contrast that shows a large type 
Ia endoleak that arises from the proximal attachment 
site. Contrast is seen both in the end avascular graft 
(graft flow) and within the aneurysm sac. The lower 
panel is a duplex scan image of the same patient. The 
indwelling endovascular graft is seen in the lower left 
of the aneurysm sac (graft flow). Color is seen within 
both the endovascular graft and the aneurysm sac. 
Note how closely the duplex image resembles the CT 
scan. 

endoleak based solely on the presence of 
color flow within the aneurysm sac. True 
endoleaks typically produce a uniform color 
Doppler appearance and are most times 
reproduCible. In order to reduce false
positive findings, the technologist must 
take special care to correctly adjust the pulse 
repetition frequency and color flow gain 
settings throughout the course of the ultra
sound examination. The use of spectral 
Doppler also can be helpful in this situa
tion. Endoleak should yield Doppler wave
forms that are reprodUCible, similar to the 
flow patterns seen within the peripheral 
circulation and synchronous with the 
patient's cardiac cycle. Spectral Doppler 
may also play a role in predicting endoleak 
thrombosis or persistence. A study by Carter 
and associates37 revealed that endoleak with 
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Bifurcated Portion 
of modular Endograf1 

very attenuated, monophasic, or bidirec
tional (to and fro) Doppler waveforms in 
the source vessel tended to occlude sponta
neously, whereas the presence of normal, 
biphasic peripheral flow waveforms in the 
source vessel portended endoleak persist
ence. However, the number of patients in 
this study was small, and these preliminary 
results have not yet correlated with our 
experience. 

As noted previously, a thorough examina
tion to determine the presence of endoleak 

F,GURE 30-10. Type III endo
leak. The flow in the aneur
ysm sac results from a defect at 
the junction of two limbs of 
a modular endovascular graft. 
Although thrombus has started 
to form, there are significant 
areas of echolucency within the 
aneurysm sac suggesting the 
presence of endoleak and con
firmed by the color flow image. 

includes not only visualization of the 
endovascular graft attachment sites and the 
graft body but also visualization and inter
rogation of the entire AAA sac, in both the 
long and short axes. Thorough assessment 
also requires color Doppler interrogation of 
all potential leak sites suggested by the pre
operative, intraoperative, and postoperative 
imaging studies. It is critical, therefore, that 
the vascular technologist be cognizant of 
the results of any preoperative imaging 
studies, the sites for potential endoleak, and 

F,GURE 30-1 1 .  Cross-sectional 
color Doppler image of a pseu
doleak. An area of color is seen 
within the aneurysm sac that 
results hom movement of resid
ual fluid blood in response to 
pulsations of the nearby endo
vascular graft. Thrombus has 
filled the remainder of the sac. 
No endoleak source was iden
tified, and the Doppler signal 
at the area of color was atypical 
and not consistently reproduci
ble. This patient had a com
puted tomographic scan that 
was endoleak negative. 
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FIGURE 30-1 2. Type Ia endo
leak. (Long-axis image at the 
level of the proximal aortic at
tachment site [PROX AO]) . Flow 
is entering . the aneurysm sac 
through a channel at the proxi
mal attachment site. Note the 
area of echolucency near the 
endoleak flow. 

the details of the surgical procedure, includ
ing any problems that occurred intra
operatively, preoperatively, or during 
intraoperative supplemental procedures. 

In our opinion, definitive identification 
of a flow source is the most important 
feature in the confirmation of true 
endoleak. It is important to examine the 
entire intra-aneurysm sac portion of the 
endovascular graft body, identify patent 
side branches, and document the direction 
of flow within the side branches in an 
attempt to identify the source of en do leak 
flow. Endoleak flow can originate from 
proximal or distal endovascular graft attach
ment sites (type I),  through the endovascu
lar graft itself (types 3 or 4), or from patent 
aortic branches (side branch or type 2 
endoleak). Potential endoleak source 
branches include the lumbar arteries, the 
inferior mesenteric artery, the hypogastric 
arteries, and accessory renal arteries that 
communicate with the aneurysm.24 The 
inferior mesenteric artery (IMA) is typically 
found sonographically anterior and to the 
left of the aneurysm sac. The lumbar arter
ies are located posterior to the aneurysm 
sac, and accessory renal arteries may be seen 
at any location (Figs. 30-12 to 30-15) .  In the 
absence of detectable flow within the sac, 
flow seen in the IMA or lumbar arteries adja
cent to the aneurysm sac is diagnostic of 
endoleak, as these vessels should occlude 
after deployment of the endovascular graft. 

If these vessels are patent, the flow direction 
must be assessed to determine whether the 
vessels are afferent or efferent channels rel
ative to the aneurysm sac (Fig. 30-16) .  

ANEURYSM SIZE 

After endovascular AAA repair, aneurysms 
that have been totally excluded from the 
circulation usually decrease in size or 

FIGURE 30-1 3. Type 2 endoleak. In this patient with a 
bifurcated endovascular graft, the inferior mesenteric 
artery (IMA) is seen in the upper right of the ultrasound 
image and is the channel for outflow. A lumbar artery 
posteriorly is the afferent tract. The sample volume 
placed within the lumen of the IMA yields a negative 
Doppler shift, confirming that the IMA is the outflow 
tract. 
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Aneurysm 
Sac wI thrombus 

Areas of 
echolucency 

FIGURE 30-14. Combination endoleak. A, This 
patient has inflow from a proximal attachment 
site defect (type la), not seen in this image, and 
outflow via multiple patent lumbar arteries 
(type 2). B, Because of direct aortic inflow, 
velocity in the lumbar artery is in excess of 
200 em/sec. 

4C · JO 

:0 • .c 

• • (I"'J, I 

FIGURE 30-1 5 .  Type 2 endoleak with a single lumbar artery acting as both the outflow and inflow tracts. The cor
responding spectral waveform is on the bottom right of the image. The spectral waveform captured in the lumbar 
artery in systole yields a positive Doppler shift; the color flow image of the sac shows evidence of flow in both 
directions simultaneously. 
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FIGURE 30-16. A cross-sectional 
image of an abdominal aor
tic aneurysm after endovascular 
graft repair with a type 2 endo
leak. A, Blood flow is seen within 
the endovascular graft (EVG), 
as well as in the inferior mesen
teric artery (IMA), which is 
clearly patent and perfusing the 
aneurysm sac (although flow 
within the sac is not shown 
in this image) . In this case, the 
IMA acts as both inflow and 
outflow channel. B, This phe
nomenon is reflected in the 
spectral waveform, showing to
and-fro flow similar to a pseu
doaneurysm tract. The wave
form is strikingly different (vel
ocity and morphology) from the 
spectral waveform seen in Figure 
30-15.  The prognostic signifi
cance of a to-and-fro flow pat
tern is unknown. 

B 

remain stable (Fig. 30-17) .  Conversely, 
AAAs with a documented endoleak often 
increase in size. Therefore, it is critical to 
measure AAA sac size in at least two loca
tions along the length of the aneurysm. A 
transverse sweep of the aneurysm sac is per
formed to determine the site of its maximal 
diameter. With the scan plane aligned with 
the short axis of the vessel, the outer-to
outer diameter of the aneurysm sac is meas
ured in the anteroposterior and transverse 
planes, and an image is obtained recording 
the measurements (Fig. 30-18). The image 
plane is then oriented with the long axis of 
the aneurysm, and the maximum antero
posterior dimension is again measured and 
recorded. Review of previous imaging 
studies (CT or ultrasound) is recommended 
to ensure that the location of the current 
measurements corresponds with those 

obtained previously, although comparison 
of CT and ultrasound measurements is not 
recommended.38 Any patient with a signifi
cant increase in aneurysm size (>0.5  cm) 
detected with ultrasound during the follow
up period should be suspected of having 
endoleak, even if no leak can be demon
strated, and further imaging with CT or con
trast arteriography should be performed as 
indicated. 

ENDOVASCULAR GRAFT 
DEFORMITY AND NATIVE 
ARTERY COMPLICATIONS 

Kinking of the endovascular graft body 
within the aneurysm sac may occur in the 
late postoperative period, despite . not 
having been present in the perioperative 
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FIGURE 30-1 7. Uncomplicated endovascular graft. This cross-sectional color Doppler image shows complete exclu
sion after endovascular graft (EVG) repair. Color flow is seen only within the indwelling endovascular graft. The 
T seen above the endovascular graft connotes thrombus that has completely filled the residual aneurysm sac. 

or early . postoperative period. The cause 
of such kinking may be continued growth 
of the diameter or length of the aneu
rysm sac, leading to buckling of the aorta. 
Morphologic alterations of this sort can 
lead to Significant conformational changes 
of the sac and indwelling endovascular graft 
and subsequent disassociation or kink
ing of the endovascular graft limb(s). 
Possible consequences include lower ex
tremity ischemia due to kinking and 
decreased flow or endoleak due to disasso
cia tion of the endovascular graft limbs. 
When the aorta is effectively excluded and 
shrinks in diameter or length, the endo
vascular graft is subjected to stress, espe
cially at limb junctions and at the pro
ximal and/or distal attachment sites. The 
consequence, once again, may be endo
leak. 

Endovascular graft deformation, in the 
form of extrinsic graft compression, twist
ing (torsion), or kinking can lead to steno
sis or thrombosis of the distal endovascular 
graft limb(s), potentially causing lower 
extremity ischemia. The superiority of ultra-

sound for demonstrating these problems 
has been documented in several studies2,39 
and results largely from the dynamiC, real
time capabilities of ultrasound, as opposed 
to arteriography or CT. 

Extrinsic endovascular graft compression 
is sometimes caused by atherosclerotic 
plaque in the wall of the artery that sur
rounds the endovascular graft, but is usually 
due to tortuosity of the endovascular graft. 
Because these stenotic lesions have been 
excluded from the arterial circulation, they 
are residual and may not progress. They are 
followed, however, per our endovascular 
graft surveillance protocol in the setting of 
aortoiliac arterial occlusive disease.2 He
modynamically significant atherosclerotic 
plaques cause focal increases in flow veloc
ity along the iliofemoral limb of the 
endovascular graft. When deemed to be 
flow limiting on the basis of spectral 
Doppler findings (see Chapter 18) ,  they are 
treated with balloon angioplasty, with or 
without stenting. Kinks and twists are often 
due to severe vessel tortuosity or graft 
redundancy (excessive graft length) and 
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FIGURE 30-18. Aneurysm measurement. Trarisverse 
image of a large (7 .16 em anteroposterior x 7.47 em 
transverse) abdominal aortic aneurysm with an 
indwelling endovascular graft (EVG). Note the cursors 
on the anteroposterior and lateral walls. Aortic 
aneurysm size should be measured at the level of 
maximal aneurysm size and/or at the proximal and 
mid aorta. 

may cause hemodynamically significant 
flow reduction. 

Another endovascular graft follow-up 
consideration is iatrogenic trauma to the 
distal vessels secondary to arterial manipu
lations performed through tortuous and 
diseased vessels and/or endovascular graft 
deployment itself. Such trauma may cause 
various complications, including dissec
tion, intramural or extramural hematoma, 
pseudoaneurysm, arteriovenous fistula, and 
emboli to the lower extremities. The ultra
sound findings associated with these com
plications are described in Chapter 20. 

PERSONAL COMMENTARY 

Although there continues to be controversy 
regarding the accuracy and utility of color 
Doppler sonography for aortic endovascular 
graft assessment,31 we feel that color 

Doppler can effectively detect the presence 
of endoleak and monitor aneurysm size, 
both essential components for follow-up 
after endovascular AAA repair. Color 
Doppler endovascular graft evaluation is a 
technically challenging endeavor that 
should be reserved for senior-level technol
ogists. These individuals must be facile with 
ultrasound technique, have accrued the 
considerable skill required to scan the deep 
structures of the abdomen, and have exten
sive knowledge of the endovascular exclu
sion of abdominal aortic aneurysms and 
associated complications. In addition, there 
must be a commitment to endovascular 
graft evaluation on the part of the technol
ogist, the interpreting physician, and the 
institution. The major weaknesses of the 
majority of the negative literature reports 
concerning color Doppler endovascular 
graft assessment can be traced to a lack of 
commitment to the education of the 
technologist, a lack of appropriate time allo
cation for performing the examinations, 
and opposition to investment of funds for 
the high-end, state-of-the-art equipment 
necessary to adequately image aortic 
endovascular grafts. Those facilities that 
have made these commitments have had 
excellent results using color Doppler in this 
setting. 

Another important factor standing in the 
way of the color Doppler ultrasound tech
nique is a lack of standardization of the 
endovascular graft examination protocol, 
such as we see in other areas of vascular 
ultrasound (e.g., lower extremity venous 
and cerebrovascular testing), where color 
Doppler is proven to be extremely accurate 
and has been widely accepted as the diag
nostic "gold standard."  With the increasing 
prevalence of the endovascular technique, 
and the continued sharing of common 
experiences among vascular laboratories 
around the country, we feel that this weak
ness can be overcome. In addition, the 
SOCiety for Vascular Ultrasound has recently 
published examination guidelines that 
should further decrease the variability seen 
in the performance of this examination.40 

Finally, the addition of ultrasound con
trast agents to the color Doppler exam
ination has been shown to increase the 
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sensitivity of ultrasound to the detection of 
endoleak. 3,41 Although not currently 
approved for widespread use in the United 
States, the use of this adjunctive method 
and advances in ultrasound technology, 
such as tissue harmonic imaging, promise to 
add to the utility of color Doppler ultra
sound for the detection of endoleak. 

CONCLUSIONS 

This chapter characterizes the complica
tions associated with endovascular AAA 
repair and demonstrates the effectiveness of 
color Doppler sonography for evaluation 
of these procedures. As with the entire field 
of endovascular surgery, imaging tech
niques and recommendations regarding 
endovascular graft use are evolving rapidly. 
Although contrast arteriography and spiral 
CT are important methods for endovascular 
graft evaluation, we feel that a combination 
of examinations is superior to any single 
test. In centers of excellence, color Doppler 
is an important noninvasive adjunctive 
study and may decrease the required fre
quency for more expensive studies, such as 
CT, thus allowing color Doppler to be the 
principal screening modality in the postop
erative period for endoleak detection and 
surveillance after endovascular exclusion of 
abdominal aortic aneurysms. Finally, 
because of its noninvasive nature, patient 
compliance and satisfaction may also be 
improved by the use of ultrasound. 

Acknowledglllents. The authors wish 
to acknowledge Reese A. Wain, MD; William 
D. Suggs, MD; Takao Ohki, MD; N. Gargiulo, 
MD; Joshua Cruz, RVT; and Frank ]. Veith, 
MD, for their contributions to this 
manuscript. 

References 

1 .  Berdejo GL, Del Valle WN, Lyon RT, Veith FJ: 
Value of color Doppler ultrasonography in the 
planning and assessment of endovascular 
stented grafts for traumatic arterial injuries 
[abstract] . J Vasc Tech 20: 1 78, 1 996. 

2. Berdejo GL, Lyon RT, Del Valle WN, et al: Color 
Doppler ultrasonography for the evaluation of 

endovascular PTFE stented grafts for occlusive 
disease. J Vasc Tech 2 1 : 1 1-15,  1997.  

3. Heilberger P, Schunn C, Ritter W, et al: Postop
erative color flow duplex scanning in aortic 
endografting. J Endovascular Surg 4:262-271 ,  
1997.  

4. Johnson BL, Harris EJ Jr, Fogarty TJ, et al: Color 
duplex evaluation of endoluminal aortic stent 
grafts. J Vasc Tech 22:97-104, 1 998. 

5.  Berdejo GL, Lyon RT, Ohki T, et al: Color duplex 
ultrasound evaluation of transluminally placed 
endovascular grafts for aneurysm repair. J Vasc 
Technol 22:201-207, 1 998. 

6. Sato DT, Goff CD, Gregory RT, et al: Endoleak 
after aortic stent graft repair: Diagnosis by color 
duplex ultrasound vs. CT scan. J Vasc Surg 
28:65 7-663, 1 998. 

7. Lyon RT, Berdejo GL, Veith FJ: Ultrasound 
imaging techniques for evaluation of endovas
cular stented grafts. In ParodiJC, Veith FJ, Marin 
ML (eds): Endovascular Grafting Techniques. 
Media, PA, Williams & Wilkins, 1 999. 

8.  Wolf YG, Johnson BL, Hill BB, et al: Duplex 
ultrasonography vs. CT angiography for post
operative evaluation of endovascular abdomi
nal aortic aneurysms repair. J Vasc Surg 
32: 1 1 42-1 1 48, 2000. 

9. Zanetti S, DeRango P, et al: Role of duplex scan 
in endoleak detection after endoluminal aortic 
repair. Eur J Vasc Endovasc Surg 19:53 1-535, 
2000. 

10. Parent FN, Meier GH, Parker FM, et al: The inci
dence and natural history of type I and II 
en do leak: A 5-year follow-up assessment with 
color duplex ultrasound scan. J Vasc Surg 35:  
474-481 ,  2002. 

1 1 .  Matsumura JS, Moore WS: Clinical conse
quences of periprosthetic leak after endovascu
lar repair of abdominal aortic aneurysm. J Vasc 
Surg 27:606-613,  1 998. 

12.  Matsumura JS, Pearce WH, McCarthy WJ, Yao 
GS: Reduction in aortic aneurysm size: Early 
results after endovascular graft placement. J 
Vasc Surg 25 : 1 13-123, 1997.  

1 3 .  Gilling-Smith G, Brennan J, Harris P, et  al: 
Endotension after endovascular aneurysm 
repair: Definition, classification and strategies 
for surveillance and intervention (review) . J 
Endovasc Surg 6:305-307, 1 999. 

14 .  White GH, May J: How should endotension be 
defined? History of a concept and evolution of 
a new term. J Endovasc Ther 7:435-438; dis
cussion 439-440, 2000. 

1 5 .  Gilling-Smith G, Martin J, Sudhindran S, et al: 
Freedom from endoleak after endovascular 
aneurysm repair dos not equal treatment 
success. Eur J Vasc Endovasc Surg 1 9:421-425, 
2000. 

16 .  Parodi JC, Palmaz JC, Barone HD: Transfemoral 
intraluminal graft implantation for abdominal 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


L-___ C_H_A_PT_E_R_3_0 __ U_lt_r_a_sO_u_"_d_lm_a_9_i"_9_A_s_se_s_s_m_e_"_t_Fo_I_IO_W_i"_9_A_o_rt_i_c_R_e_p_a_ir ____ ..... F9! 
aortic aneurysms. Ann Vasc Surg 5 :49 1-499, 
1991 .  

1 7 .  Veith FJ, Abbott WM, Yao JST, et  al: Guidelines 
for development and use of transluminally 
placed endovascular prosthetic grafts in the 
arterial system. J Vasc Surg 21 :670-685, 1 995.  

18.  Marin ML, Veith FJ, et  al :  Transfemoral 
endovascular stented graft treatment of aorto
iliac and femoropopliteal occlusive disease for 
limb salvage. Am J Surg 168:156-1 62, 1994. 

19. Panetta TF, Marin ML, Veith FJ: Endovascular 
stent grafts in the management of vascular 
trauma. In Veith FJ (ed): Current Critical 
Problems in Vascular Surgery, Vol 6. St Louis, 
MO, Quality Medical Publishing, Inc., 1 994. 

20. Lipsitz EC, Ohki T, Veith FJ: Overview of tech
niques and devices for endovascular abdominal 
aortic aneurysm repair [review] . Semin Interv 
Cardiol 5:21-28, 2000. 

2 1 .  Zarins CK, White RA, Moll FL, et al: The AneuRx 
stent graft: Four year results and worldwide 
experience 2000 [review] . J Vasc Surg 33(2 
Suppl) :S135-S145, 200 l .  

22. Moore WS, Rutherford RB: Transfemoral 
endovascular repair of abdominal aortic 
aneurysms: Results of the North American EVT 
Phase 1 Trial. J Vasc Surg 23:543-553, 1996. 

23. Greenberg R; Zenith Investigators: The Zenith 
AAA endovascular graft for abdominal aortic 
aneurysms: Clinical update. Semin Vasc Surg 
1 6: 1 5 1-7, 2003. 

24. Wain RA, Marin ML, Ohki T, et al: Endoleaks 
after endovascular graft treatment of aortic 
aneurysms: Classification, risk factors and out
come. J Vasc Surg 27:69-80, 1 998. 

25 . White GH, Yu W, May ]: Endoleak-a proposed 
new terminology to describe incomplete 
aneurysm exclusion by an endoluminal graft. J 
Endovasc Surg 3 : 124-125, 1 996. 

26. Zarins CK, White RA, Fogarty TJ: Aneurysm 
rupture after endovascular repair using AneuRx 
stent graft. J Vasc Surg 3 1 :960-9 70, 2000. 

27. Chuter TA, Risberg B, Hopkinson BR, et al: Clin
ical experience with a bifurcated endovascular 
graft for abdominal aortic aneurysm repair. J 
Vase Surg 24:655-666, 1 996. 

28. White GH, Yu W, May J :  Endoleak following 
endoluminal repair of AAA: Diagnosis, signifi
cance and management [abstract] . J Endovasc 
Surg 3:339-340, 1 996. 

29. Zarins CK, White RA, Fogarty TJ: Aneurysm 
rupture after endovascular repair using the 
AneuRx stent graft. J Vasc Surg 3 1 :960-970, 
2000. 

30. Lumsden AB, Allen RC, Chaikoff EL: Delayed 
rupture of aortic aneurysms following endovas
cular stent grafting. Am J Surg 1 70:1 74-1 78, 
1995. 

31.  Raman KG, Missig-Carroll N, Richardson T, 
et al: Color flow duplex ultrasound scan versus 
computed tomographic scan in the surveillance 
of endovascular aneurysm repair. J Vasc Surg 
38:645-65 1,  2003. 

32. McLafferty RB, McCrary BS, Mattos MA, et al: 
The use of color flow duplex scan for the detec
tion of endoleaks. J Vasc Surg 36: 1 00-104, 
2002. 

33. Chuter T, DeWeese JA: Treatment of abdominal 
aortic aneurysm by endovascular grafting. In 
Ernst CB, Stanley JC (eds) : Current Therapy in 
Vascular Surgery, 3rd ed. St. Louis, MO, Mosby, 
pp 265-270. 

34. May J, White GH, Harris JP: Devices for aortic 
aneurysm repair. Surg Clin North Am 79:507-
527, 1 999. 

35.  Cramer MM: Color flow duplex examination of 
the abdominal aorta: Atherosclerosis, aneurysm 
and dissection. J Vasc Tech 19 :249-260, 
1995. 

36. Wain RA, Lyon RT, Veith FJ, et al :  Alternative 
techniques for management of distal anasto
moses of aortofemoral and iliofemoral endovas
cular grafts. J Vasc Surg 32:307-3 14, 2000. 

37.  Carter KA, Nelms CR, Bloch PHS, et al: Doppler 
waveform assessment of endoleak following 
repair of abdominal aortic aneurysm: Predictors 
of endoleak thrombosis. J Vasc Tech 241 19-122, 
2000. 

38. Sprouse RL, Meier GH, LeSar CJ, et al: Compar
ison of abdominal aortic aneurysm diameter 
measurements obtained with ultrasound and 
computed tomography: Is there a difference? J 
Vasc Surg 38:466-472, 2003. 

39. Lyon RT, Veith FJ, Berdejo GL, et al: Utility of 
operative intravascular ultrasound for the 
assessment of endovascular procedures. Pro
ceedings of the Joint Annual Meeting of the 
Society for Vascular Surgery/North American 
Chapter, International Society for Cardio
vascular Surgery, Boston, June 1-4, 1997. 

40. Examination performance guidelines. "Mem
bers Only" section of the Sodety for Vascular 
Ultrasound website, www.svunet.org. 

4 1 .  Bendick PJ, Zelenock GB, Bove PG, et al: Duplex 
ultrasound imaging with an ultrasound con
trast agent: The economic alternative to CT 
angiography for aortic stent graft surveillance. 
Vasc Endovascular Surg 3 7 : 1 65-1 70, 2003. 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


Chapter 
3 1  

Ultrasound Assessment of 
the Splanchnic 

(Mesenteric) Arteries 

Color and pulsed Doppler evaluation of  the 
splanchnic arteries is performed to evaluate 
for insufficiency of intestinal blood flow in 
patients presenting with abdominal pain. 
This examination is frequently requested 
for patients whose abdominal pain is unex
plained or atypical. The concern is that 
decreased blood flow to the bowel could be 
the cause of the patient's symptoms. This 
examination includes the evaluation of the 
abdominal aorta, celiac, superior mesenteric 
(SMA), and inferior mesenteric (IMA) arter
ies. Like the examination of the renal arter
ies, these studies are technically challenging 
and rely on operator experience and exper
tise. In this chapter, we will review all the 
technical tips, tricks, and insights that allow 
for the successful evaluation of the splanch
nic arteries. 

ANATOMY AND PHYSIOLOGY 

The splanchnic, or mesenteric, arteries com
prise the celiac, superior mesenteric, and 
inferior mesenteric arteries (Fig. 3 1-1) .  All 
three vessels arise from the abdominal 
aorta. The celiac artery is the first major 
branch of the abdominal aorta. The SMA is 
located just inferiorly to the celiac artery. 
On occasion, the celiac and SMA may share 
a common origin or trunk. The renal arter
ies are the next major branches of the 
abdominal aorta and arise laterally, toward 
the kidneys. The IMA is identified just 
below the renal arteries and originates at the 
left anterolateral aspect of the abdominal 

aorta. The IMA can be identified in the 
majority of patients studied for mesenteric 
insufficiency. 

The celiac and superior mesenteric arter
ies supply blood to the duodenum and 
small bowel. The superior mesenteric and 
inferior mesenteric arteries supply the colon 
and proximal rectum. A rich collateral 
network exists between the different mesen
teric vessels. The major collateral circuits 
include the pancreaticoduodenal arcade, 
the arc of Riolan, and the marginal artery 
of Drummond. The pancreaticoduodenal 
arcade permits collateral flow between the 
celiac and SMA, whereas the arc of Riolan 
and marginal artery of Drummond link the 
SMA and IMA. 

Mesenteric ischemia is related to acute 
or chronic compromise of the blood supply 
to the small and large intestines. Acute 
mesenteric ischemia, or thrombosis, can 
be a life-threatening condition, which re
quires immediate diagnosis and inter
vention. This is considered a surgical 
emergency, and an arteriogram or a com
puted tomographic or magnetic resonance 
angiogram is performed for diagnosis. The 
cause of thrombosis is usually embolic 
occlusion of one or more mesenteric ar
teries. Patients typically present with an 
acute syndrome of sudden onset of abdom
inal pain with abdominal distention, fever, 
dehydration, and acidosis. These patients 
do not typically present to the vascular lab
oratory or ultrasound suite for evaluation 
due to the severity of their symptoms and 
the urgency of the condition. 
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FIGURE 31-1 . Montage with normal color flow images of the aorta, celiac axis, superior mesenteric artery (SMA), 
and inferior mesenteric artery (IMA). 

Patients with suspected chronic mesenteric 
ischemia classically present with abdominal 
pain apparently related to recent ingestion 
of a meal. Patients typically complain of 
postprandial pain, bloating, weight loss, 
and diarrhea. They may describe a "fear of 

food, " as they experience pain after meals. 
They may change their diet or eating habits 
to more frequent, smaller meals to avoid 
discomfort. In some cases, this change of 
eating habits is not recognized by the 
patient, who notes only weight loss. Other 
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patients have a confusing clinical picture 
with vague symptoms of pain that may or 
may not be related to meals. Chronic 
mesenteric ischemia should be considered 
in elderly patients with unexplained 
abdominal pain and weight loss. Evaluation 
of the mesenteric arteries is helpful to work 
through the differential diagnosis in this 
group of patients with an unclear etiology 
for their clinical symptoms. 

Collateral flow through the gastro
duodenal artery, the marginal arteries, and 
the arc of Riolan usually allows adequate 
mesenteric circulation in the presence of 
atherosclerotic disease of the splanchnic 
arteries. In general, severe compromise 
(>70% stenosis or occlusion) of at least two 
of the three mesenteric arteries is required 
for symptoms of mesenteric ischemia to be 
present. Mesenteric stenosis or occlusion of 
a single vessel does not usually produce 
symptoms in light of a patent collateral 
network. The "two-vessel rule" holds in 
most patients and is utilized clinically for 
the diagnosis of chronic mesenteric 
ischemia.l 

The celiac artery supplies blood to the 
low-resistance vascular beds of the liver, 
spleen, and stomach via the hepatic, 
splenic, and left gastriC branches. Pulsed 
Doppler demonstrates low-resistance flow 
in the celiac artery, with high end-diastolic 
velocities (Fig. 3 1-2). This low-resistance 
flow pattern relates to the need for contin
uous forward flow in both systole and dias
tole to supply the high oxygen demands of 
the liver and spleen throughout the cardiac 
cycle. This flow pattern is similar to the low
resistance signals seen in the renal and 
internal carotid arteries. The celiac artery 
low"resistance flow pattern is not depend
ent on food intake. In other words, there is 
no significant change in peak systolic or 
end-diastolic velocities obtained from the 
celiac artery after a meal. 

The superior and inferior mesenteric 
arteries supply the high-resistance vascular 
beds of the small intestine and colon. 
Pulsed Doppler examination reveals high 
impedance flow with low diastolic velocities 
in the fasting state (see Fig. 31-2) . This is 
due to the relative vasoconstriction of the 
splanchnic branch vessels prior to a meal, 

when the bowel is empty and qUiescent. 
After a meal, there is an increase in mesen
teric arterial blood flow to assist digestion. 
Vasodilation of the mesenteric branches 
allows increased blood flow to the intes
tines. Moneta and colleagues2 showed that 
both peak systolic and end-diastolic veloci
ties increase after a meal. The authors 
described at least doubling of the end
diastolic velocity in the SMA after eating. 
They found the greatest increase in flow 
after a meal that includes fat, carbohydrate, 
and protein, and they concluded that this 
provocative test provides a mechanism for 
evaluating the reactivity of the splanchnic 
circulation. The presence of increased flow 
velocities after a meal was used to infer the 
adequacy of the splanchnic blood supply in 
their studies. 

Although duplex ultrasound examina
tions of the mesenteric arteries can be per
formed before and after a meal to identify 
physiologic changes in blood flow, there 
appears to be significant variability in the 
response to food. Healy and associates3 
found that postprandial duplex studies were 
not dependable and did not improve diag
nostic accuracy in their series of patients. 
We no longer routinely perform pre- and 
postprandial duplex examinations of the 
mesenteric vessels because we found these 
examinations to be less reliable for the diag
nosis of stenosis, as compared with other 
direct measurements. 

TECHNIQUE 

The duplex and color Doppler examination 
of the mesenteric arteries usually includes 
the evaluation of the proximal abdominal 
aorta as well as the ostia and proximal por
tions of the celiac, SMA, and IMA. The distal 
segments of the mesenteric arteries cannot 
be seen with ultrasound. Most atheroscle
rotic lesions typically occur at the ostia of 
these vessels, and this is the main focus of 
investigation. 

In preparation for our abdominal Doppler 
studies, we ask our patients to fast for at 
least 12 hours. This reduces the amount 
of scatter and attenuation from intra
abdominal bowel gas. Fasting also avoids 
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FIGURE 31-2. Montage of normal Doppler waveforms. IMA, inferior mesenteric artery; SMA, superior mesenteric 
artery. 

the elevated velocities noted in the post
prandial state, which can be confused with 
stenotic flow. We give no medication prior 
to examination. With the patient in the 
supine position, we start by placing the 
transducer just below the xiphoid process to 
visualize the abdominal aorta and celiac 
artery. We can usually obtain all required 
data from an anterior approach with the 
patient supine. Occasionally, we will turn 
the patient to a decubitus or oblique posi-

tion to view the aorta, celiac, and SMA 
through the liver. We ask the patient to 
either breath-hold or breathe quietly dur
ing the examination to obtain adequate 
Doppler spectral samples. 

Mesenteric Doppler studies should be per
formed on modern ultrasound instruments 
with high-quality color and power Doppler 
imaging and with sensitive pulsed Doppler 
capability. Most studies are performed with 
low-frequency transducers in the 2- to 5-
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MHz range. We also routinely employ har
monic imaging to improve resolution and 
decrease noise in the image. It has been 
noted in the literature that studies per
formed by experienced vascular technolo
gists, sonographers, or sonologists provide 
the best results.4 Indeed, we have noted that 
our finest abdominal vascular studies are 
performed by sonographers and physicians 
with at least 1 year of experience with 
abdominal Doppler examinations and a 
working knowledge of Doppler physics. The 
learning curve for these examinations 
depends on the technical ability, motiva
tion, and patience of the examiner. It is 
clear that a steady volume of abdominal 
Doppler studies is required to gain profi
ciency with these examinations. It is also 
clear that experience with these studies 
allows the examiner to determine, in short 
order, whether a successful study will be 
obtained in any given patient. It should be 
obvious in most cases whether excessive 
bowel gas, shortness of breath, large body 
size, or severe atherosclerotic disease will 
preclude a complete study. This is usually 
determined within the first 10 minutes of 
examination. 

The experienced examiner employs a 
number of technical shortcuts to improve 
visualization of the abdominal vessels and 
the detection of Significant lesions. Opti
mization of gray-scale and color Doppler 
parameters assists in the visualization of 
vessel walls, the detection of atherosclerotic 
plaque, and assessment of the residual 
lumen. The color Doppler gain, pulse repe
tition frequency, and wall filter are adjusted 
such that laminar flow in the normal 
segment of the aorta and branch vessel has 
a homogeneous color flow pattern (Fig. 
3 1-3). These adjustments should be tailored 
to each patient, as mesenteric arterial veloc
ities vary widely. Proper adjustment of the 
color Doppler parameters aids in the obser
vation of vessel patency and visualization of 
normal flow in the vessel. Equally impor
tant, correct instrument adjustment permits 
the examiner to screen the vessel quickly for 
flow abnormalities and to detect color alias
ing and color bruit artifacts that occur with 
significant flow disturbance (Fig. 3 1-4) . 
Demonstration of these color flow changes 

FIGURE 3 1 -3. Color Doppler image of the celiac axis 
demonstrates normal homogeneous color flow pattern. 

increases the sensitivity for stenosis and 
decreases the time of examination. 

Pulsed Doppler waveforms are obtained 
with a small sample volume (1 .5  to 3 mm) 
to ensure that velocity information is 
derived from the vessel of interest and not 
from adjacent structures. Angle correction is 
always performed for correct Doppler analy
sis. Most studies are performed at constant 
60-degree angles to provide consistency in 
Doppler measurements. A 60-degree angle 
of insonation may be difficult to obtain in 
the celiac artery, since the artery projects 
toward the probe at a 0- to 30-degree angle. 
In many cases, a lower Doppler angle is used 
for celiac artery velocity measurement. This 
should be noted in the report or patient's 
chart so that the same angle can be used 
on follow-up evaluations. Most spectral 
samples are obtained from a sagittal projec
tion of the aorta and mesenteric vessels. 

EXAMINATION PROTOCOL 

Our protocol includes the initial evaluation 
of the abdominal aorta with gray-scale and 
color Doppler to assess for the presence 
or absence of plaque, luminal narrowing, 
and aneurysm (Fig. 3 1-5) . Pulsed Doppler 
samples are obtained from the abdominal 
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FIGURE 31-4. A, Color Doppler image demonstrates 
aliasing artifact (arrow) in the proximal celiac artery 
(CEL) consistent with stenosis. Note the normal color 
flow patterns in the aorta (AO) and superior mesenteric 
artery (SMA). B, Pulsed Doppler evaluation at the 
site of aliasing in the celiac artery demonstrates high-

DIAGNOSTIC CRITERIA 

The range of normal blood flow velocity 
in the celiac artery is quite small: from 
98 to lOS cm/sec.s Much wider normal 
ranges are reported in the SMA (97 to 
1 42 cm/sec) and in the IMA (93 to 189 
cm/sec) .s 

A review of the literature reveals that 
many different criteria have been proposed 
for the diagnosis of splanchnic artery steno
sis and no consensus has been reached 
regarding the optimal Doppler criteria for 
the diagnosis of significant mesenteric 
artery stenosis. The most popular and 
widely accepted criteria are based on PSV 
measurements of the mesenteric arteries, as 
reported by Moneta and colleagues.6 In a 
retrospective review of mesenteric duplex 
examinations and arteriograms in 34 
patients, these authors showed that a PSV 
greater than or equal to 200 cm/sec in the 

velocity (456 cm/sec) flow, confirming the presence A 
of a high-grade stenosis. 

aorta at the level of the mesenteric arteries. 
This measurement provides a baseline 
velocity for comparison with the mesenteric 
artery peak systolic velocities. Peak velocity 
measurements are also obtained from the 
origin and visualized segments of the celiac, 
SMA, and IMA. In practice, the sample 
volume is passed from the abdominal aorta 
into the ostium and proximal segment of 
each artery, in search of the highest peak 
systolic velocity (PSV) and signs of post
stenotic turbulence and bruit (Fig. 3 1-6). 
Remember, the highest velocity measure
ment will be obtained within the stenosis. 

B 
FIGURE 31-5. A, Sagittal gray-scale image of the 
abdominal aorta demonstrates normal-caliber vessels 
without significant atherosclerotic changes. B, Color 
Doppler evaluation of the abdominal aorta and branch 
vessels demonstrates normal laminar flow without 
color flow abnormalities. 
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A 

B 
FIGURE 3 1 -6. A, Color Doppler image demonstrates 
focal color aliasing (arrow) at the origin of the inferior 
mesenteric artery (IMA). B, Pulsed Doppler sampling of 
the origin of the IMA reveals markedly elevated peak 
systolic velocity (398 cm/sec) consistent with severe 
stenosis. 

celiac artery and a PSV greater than or equal 
to 275 cm/sec in the SMA were predictive of 
stenosis of 70% or more. Sensitivity, speci
ficity, and positive predictive values for the 
SMA were 89%, 92%, and 80%, respectively; 
and 75%, 89%, and 85% for the celiac 
artery. Similar values were not obtained for 
the IMA, which was not assessed in that 
study. Moneta and associates found that 
end-diastolic velocities and velocity ratios 
did not offer any advantage over arterial 
PSV measurements. A follow-up prospective 
study of 100 patients by Moneta and col
leagues? supported the authors' initial 
results and suggested that duplex evaluation 

may be clinically useful as a screening 
examination to detect celiac and SMA 
stenosis. In a study of 82 patients, Lim and 
associates8 confirmed the value of the 
Moneta criteria for the detection of mesen
teric stenosis with an overall sensitivity of 
100% and specificity of 87% for the celiac 
artery and 98% specificity for the SMA. 

Bowersox and coworkers9 concluded 
that an end-dIastolic velocity greater than 
4S cm/sec was the best indicator of hemo
dynamically significant SMA stenosis 
(considered � 50% diameter reduction) . In 
this series, elevated PSV was less sensitive 
but more specific for severe SMA stenosis. 
Other investigators have also noted that 
the end-diastolic velocity was the more 
accurate parameter for the detection of 
Significant mesenteric stenosis. Zwolak 
and colleagueslO published a series of 243 
mesenteric scans with 46 correlative 
angiograms. Perko and associatesll studied 
39 patients with duplex ultrasonography 
and arteriography. Both investigators con
cluded that the end-diastolic velocity was 
the superior threshold value for identifica
tion of SMA and celiac stenosis. They also 
considered a stenosis with diameter reduc
tion greater than or equal to 50% as clini
cally significant. 

It is interesting to note that the studies 
discussed previously did not include the 
inferior mesenteric artery in their investiga
tions. This is pertinent in light of the fact 
that most clinicians follow the "two-vessel 
rule" in the diagnosis of chronic mesenteric 
ischemia. A complete study requires identi
fication and Doppler analysis of all three 
mesenteric arteries. It is imperative to 
visualize the IMA to exclude mesenteric 
insufficiency when a significant stenosis or 
occlusion is identified in the celiac artery or 
SMA. 

Recent studies have shown that the IMA 
is readily visible in most patients, and ade
quate Doppler waveforms can be obtained 
that allow calculation of the PSv, end
diastolic velOCity, and resistive index. Mirk 
and coworkers12 visualized the IMA in 
88.8% of studies in 1 1 6  patients. Denys and 
associates13 were successful in demonstrat
ing the IMA in 92% of cases in their study 
of 100 consecutive fasting adults. PSV and 
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resistive index measurements differed 
among the studies. The PSV of the IMA 
ranged from 93 to 189 cm/sec in normal 
patients. Erden and colleaguesl4 showed 
that the PSV varies with the degree of col
lateral flow through the IMA when there is 
occlusive disease of the abdominal aorta 
and other mesenteric vessels. Increases in 
IMA PSV up to 190 cm/sec were seen in 
patients with occlusion of the celiac, SMA, 
and common iliac arteries. 

We also utilize velocity ratios for the diag
nosis of mesenteiic artery stenosis, similar 
to the renal-aortic ratio (RAR) used to diag
nose renal artery stenosis. The PSV at the 
site of the stenosis in the mesenteric artery 
is divided by the PSV in the abdominal 
aorta. The normal mesenteric-aortic ratio is 
usually slightly greater than 1 .0. In general, 
the mesenteric-aortic ratio associated with 
hemodynamically significant stenosis is 
greater than 3.0. We find this ratio particu
larly useful in patients with abnormally 
high or low velocities in the aorta and 
branch vessels. Low-velocity flow is seen in 
patients with poor cardiac function and 
diffuse atherosclerotic disease. Significant 
stenosis may be present with lower veloci
ties, sometimes less than 200 cm. A mesen
teric-aortic ratio greater than 3.0 suggests 
severe stenosis even when PSVs in the 
stenosis are lower than anticipated. Con
versely, elevated velocities may occur in 
patients without underlying stenosis. This is 
seen especially in young adults and children 
with high cardiac output or increased meta
bolic state. Although elevated velocities are 
detected in these patients, there is no focal 
elevation of velocity or significant increase 
in the mesenteric-aortic ratio to suspect sig
nificant disease. Validation of the mesen
teric-aortic ratio is based on our experience 
and a recent retrospective review of more 
than 1000 abdominal Doppler studies per
formed at our institution. 

Variability in PSV measurement is one 
reason why there is confusion and contro
versy regarding the evaluation of the 
mesenteric arteries. A review of recent 
papers shows a range of normal SMA PSV 
from 103 to 197 cm/sec. Rizzo and cowork
ersl5 showed that varying the angle of 
insonation from 0 to 80 degrees produces 

marked increases in SMA PSV in normal vol
unteers. They found that for the SMA, 70-
degree and 80-degree angles produced 16% 
and 120% increases, respectively, in PSv. 
Because estimation of PSV is inversely 
proportional to the cosine of the angle 
of insonation, accurate measurement is 
dependent on precise Doppler angle correc
tion. Errors in angle correction will result in 
changes in velocity calculation, particularly 
at higher angles. This phenomenon, they 
noted, also occurs in other arterial systems, 
including the carotid arteries. Other issues 
are related to the technical limitations and 
appropriate diagnostic criteria. These con
cerns have been fueled by conflicting 
reports in the literature, which either advo
cate or refute the ability of Doppler ultra
sound to contribute to the evaluation of 
the abdominal arteries. Newer modalities, 
including computed tomographic angiogra
phy and magnetic resonance angiography, 
have demonstrated high accuracies in the 
noninvasive evaluation of the mesenteric 
arteries. For these reasons, it is important to 
review the techniques and features that 
improve the quality and diagnostic accu
racy of mesenteric Doppler studies. 

KEYS TO SUCCESSFUL 
EXAMINATION 

The keys to a successful abdominal Doppler 
examination include adequate patient 
preparation, modern ultrasound equip
ment, examiner experience, proven diag
nostic criteria, and correlation with 
confirmatory studies, when available. We 
schedule the majority of our patients for 
morning ultrasound evaluation, following 
an overnight fast. Abdominal Doppler 
studies are usually performed by our most 
experienced sonographers. They choose to 
perform these examinations on our best 
Doppler units. Our junior sonographers and 
trainees observe and perform these studies 
with supervision by the more experienced 
senior technologists. 

My experience with Doppler studies, 
including mesenteric arterial examinations, 
has prompted me to develop a practical 
approach to the interpretation of abdomi-
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CHAPTER 3 1  Ultrasound Assessment of the Splanchnic (Mesenteric) Arteries 

F IGURE 3 1 -7. A, Sagitta) gray-scale image of the abdom
inal aorta reveals marked calcified plaque with luminal 
irregularity. B, Color Doppler image of the abdominal 
aorta demonstrates color aliasing suspicious for stenosis. 
C, Pulsed Doppler interrogation of the abdominal aorta 
at the site of flow disturbance reveals increased veloci
ties consistent with moderate stenosis. 

nal Doppler. Similar to other Doppler ex
aminations, Significant arterial occlusive 
disease is usually associated with gray-scale, 
color, and pulsed Doppler abnormalities. 
Gray-scale evaluation should disclose ather
osclerotic plaque or thrombus at the site 
of stenosis or occlusion (Fig. 3 1-7). The 
absence of plaque, wall thickening, or 
thrombus reduces the likelihood of a 
stenotic lesion in the visualized segment of 
the vessel. 

Color Doppler is extremely useful in the 
diagnosis of stenosis and occlusion. Lu
minal narrOWing, color flow aliasing, and 
the presence of collateral vessels are impor
tant color Doppler findings in arterial steno
sis (Fig. 3 1-8). A search for these findings 
with color and power Doppler imaging facil
itates the diagnosis of stenosis. The absence 
of color flow in the vessel leads to the diag-

nosis of arterial occlusion. This is confirmed 
by the absence of arterial signals during 
pulsed Doppler interrogation. 

Reversal of flow and the presence of color 
bruit are additional signs of significant 
disease of the mesenteric circulation. Rever
sal of flow in the hepatic and gastroduode
nal arteries is seen with celiac artery 
occlusion. Similarly, reversal of flow in the 
SMA is seen with occlusion at the origin of 
this vessel. The presence of a color bruit 
increases suspicion for Significant stenosis 
(Fig. 3 1-9) .  Bruit artifacts are also associated 
with arteriovenous fistula and pseudoan
eurysms. Color bruit artifacts are produced 
by low-level frequency shifts. These fre
quency shifts occur when high-velocity jets 
induce vibrations in the tissues surrounding 
the lesion or stenosis. Pulsed Doppler 
sampling at the site of the bruit usually 
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SECTION V Abdomen and Pelvis 

B 
FIGURE 3 1 -8. A, Color flow aliasing (arrow) allows 
rapid identification of stenosis in the proximal celiac 
artery. B, Pulsed Doppler evaluation of the proximal 
celiac (CEL) artery demonstrates increased velocities 
consistent with stenosis. 

demonstrates elevated peak systolic veloc
ities. 

Pulsed Doppler is essential in the identi
fication and characterization of stenosis and 
occlusion. Pulsed Doppler demonstrates ele
vated velocities and post-stenotic turbu
lence, diagnostic of a hemodynamically 
significant lesion (Fig. 3 1-10) .  In most 
patients, PSVs greater than 200 cm/sec are 
associated with stenosis. In addition to sam
pling the site of stenosis, it is important to 
sample the post-stenotic region. A post-

stenotic signal confirms the presence of 
a pressure-reducing lesion. In the post
stenotic zone, the systolic jet dissipates into 
eddy currents, with red blood cells moving 
in different directions at different velocities. 
This is termed post-stenotic turbulence and is 
recognized as a lower-velocity waveform 
with irregular borders, usually with a simul
taneous bidirectional pattern (see Fig. 
3 1-10). This "shaggy" waveform is seen 
within 1 to 2 cm distal to the stenosis and 
dissipates with increasing distance from the 
stenosis. Post-stenotic waveforms usually 
also sho\'V a delay to peak systole that is 
called the tardus-parvus pattern. A rounded, 
low-velocity waveform, characteristic of 
tardus-parvus flow, is a marker of a proximal 
stenosis or occlusion (Fig. 3 1-1 1) .  

In addition to the demonstration of  ele
vated velocities and post-stenotic turbu
lence, we also utilize the mesenteric/aortic 
PSV ratio as a diagnostic criterion, as 
described previously. In most patients, 
abnormalities are seen with gray-scale, 
color, and pulsed Doppler when a signifi
cant mesenteric occlusive lesion is present. 
In other words, findings of plaque on gray
scale, narrowing and aliasing on color 
Doppler, and elevated velocities and ratios 
with post-stenotic turbulence are typical of 
a high-grade lesion. Further investigation 
is warranted when there is discordance 
between gray-scale, color, and pulsed 

FIGURE 31-9. Marked color bruit artifact (arrows) is 
noted in the region of the celiac artery origin consis
tent with severe stenosis. AO, aorta. 
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A 

B 
FIGURE 31-1 0. A, Spectral analysis of the region of flow 
disturbance in the celiac (eEL) artery demonstrates 
markedly elevated peak systolic velocities consistent 
with significant stenosis. SAG, sagittal. B, Pulsed 
Doppler sampling of the post-stenotic region reveals 
lower-velocity flow with irregular borders and a bidi
rectional flow pattern. 

Doppler findings. We recommend other 
noninvasive tests, including computed 
tomographic or magnetiC resonance angiog
raphy for the difficult cases in which the 
study is indeterminate and intervention is 
not immediately indicated. 

Several pitfalls should be considered in 
the evaluation of the mesenteric arteries. 
Doppler insonation of the mesenteric 
vessels, especially the celiac artery, can be 

challenging due to vessel tortuosity. It may 
not be possible to maintain a constant angle 
of insonation in these vessels. Increasing 
Doppler angles can produce spuriously 
increased velocity measurements. It should 
also be remembered that there is a wide 
range of normal velocities in the splanchnic 
vessels. 

As noted previously, low mesenteric arte
rial velocities may be seen in elderly 
patients and patients with poor cardiac 
output, even with significant mesenteric 
disease. Conversely, elevated velocities are 
commonly seen in younger patients in the 
absence of significant mesenteric stenosis. 
Velocity ratios tend to work better than 
PSV criteria in these patients who have 
baseline velocities outside the normal 
range. Elevated velocities may also be 
noted in vessels serving as major collateral 
channels. 

An interesting phenomenon is the 
median arcuate ligament syndrome. This is 
a potential pitfall for celiac artery stenosis, 
as increased velocities are noted in the celiac 
artery during expiration (Fig. 3 1-12). The 
median arcuate ligament is a leaflet of the 
diaphragm, which crosses and compresses 
the superior aspect of the celiac artery in 
expiration. Increased velocities are noted in 
the celiac artery during compression by the 
median arcuate ligament. There is an imme
diate decrease in PSV with deep inspiration, 

FIGURE 3 1 -1 1 .  This montage of waveforms shows 
high-velocity continuous flow at the site of superior 
mesenteric artery (SMA) stenosis (short arrow) and low
velocity, rounded (tardus parvus) waveforms (long 
arrow) in the post-stenotiC zone. Note the abnormal 
turbulent color flow pattern in the SMA. AO, aorta. 
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c 

as compression of the celiac artery is 
relieved. 

CONCLUSIONS 

Doppler ultrasound has proven value in the 
detection of mesenteric artery stenosis and 
occlusion. Proper patient preparation and 
the use of sensitive Doppler equipment are 
necessary to start the investigation. Opera
tor experience and knowledge of technical 
shortcuts increase accuracy and decrease the 
time of the examination. Finally, the use of 
proven diagnostic criteria and correlation 
with confirmatory studies are also keys to 
diagnostic success. 

FIGURE 3 1 - 1 2. A, Median arcuate ligament syndrome. 
Color Doppler image reveals a "fishhook" appearance 
(alTow) of the celiac (CEL) artery in expiration. AO, aorta. 
B, Pulsed Doppler sample of the celiac artery in expira
tion reveals elevated velocities due to compression from 
the median arcuate ligament. C, There is a marked 
decrease in peak systolic velocity in the celiac artery in 
inspiration. 
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Chapter 
32 

Ultrasound Assessment of 
the Hepatic Vasculature 

Vascular disorders of the liver are of con
siderable interest to ultrasound practition
ers because the liver vessels are effectively 
imaged with ultrasound in a high percent
age of patients. As a result, ultrasound is 
widely used for clinical assessment of 
hepatic vascular disorders. This chapter 
considers the sonographic assessment of 
portal hypertension, intrahepatic portosys
temic shunts, portal vein occlusion, and 
hepatic vein occlusion. Although sonog
raphy is an important method for assess
ing hepatic vessels before and after liver 
transplantation, this subject is not included 
here. Liver transplantation is performed 
in relatively few specialized centers; there
fore, a discussion of liver transplantation 
is beyond the scope of this introductory 
text. 

PORTAL HYPERTENSION 

The term portal hypertension refers to ele
vated pressure in the portal venous system; 
specifically, a pressure gradient from the 
portal vein to the hepatic veins or inferior 
vena cava of 10 mm Hg or greater. The most 
common cause of portal hypertension in 
Western countries is sinusoidal obstruction 
due to cirrhosis, which, in turn, is most 
often caused by excessive alcohol con
sumption or chronic active hepatitis. The 
sinusoids of the liver are analogous to cap
illaries in other tissues. Other sinusoidal 
causes of portal hypertension include 
primary biliary cirrhosis and the sinusoidal 
form of the Budd-Chiari syndrome (dis
cussed later). Presinusoidal portal hyper-

tension refers to obstruction prior to entry 
of blood into the sinusoids and includes 
causes such as portal vein occlusion, 
schistosomiasis, and hepatic fibrosis (from 
various causes). Postsinusoidal causes of 
portal hypertension include chronic right 
heart failure, hepatic vein occlusion, and 
inferior vena cava (lVC) occlusion. 1-56 

Advances in ultrasound instrumentation 
have made direct, noninvasive interroga
tion of portal vein flow possible. Further
more, ultrasound examination of the portal 
venous system (portal vein, splenic vein, 
and superior mesenteric vein) is successful 
in 93% to 95% of patients.S,57 Certain ultra
sound parameters have been identified that 
permit sonographic diagnosis of portal 
hypertension. These include (1) portal vein 
diameter; (2) response of the portal, splenic, 
or superior mesenteric veins to respiration; 
(3) portal flow direction; (4) portal flow 
velocity and waveforms; (5) spleen size; and 
(6) the presence of portosystemic collaterals. 
Each of these diagnostic findings is dis
cussed in turn. 

Portal Vein Diameter 

In normal individuals (Fig. 32-1), the portal 
vein diameter does not exceed 13  mm in 
quiet respiration, measured where the 
portal vein crosses anterior to the IVC.6,12-21 
Respiration and patient position greatly 
affect the size of the portal vein and its trib
utaries; therefore, diagnostic measurements 
must be standardized by examining the 
patient in the supine position and in a 
state of quiet respiration. Under these 
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FIGURE 32-1 . Normal portal vein features. 
A, The portal vein (PV) is measured where it 
crosses anterior to the inferior vena cava (IVC). 
With the patient supine and breathing quietly, 
the portal vein diameter (cursors) does not 
normally exceed 13 mm. B, Portal flow veloc
ity undulates slightly in response to cardiac 
pulsation and respiration. Peak velocity (Pk 
Vel) is 18 cm/sec in this normal individual. In 
the same subject, the diameter of the splenic 
vein (SP V) increases more than 70% from 
quiet respiration (C) to deep inspiration (D) . 
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FIGURE 32-2. Features of portal hypertension, A, In this 48-year-old patient with alcohol-induced liver disease, the 
portal vein diameter (cursors) is 18 mm with the patient supine and breathing quietly, IVe, inferior vena cava. The 
diameter of the splenic vein increases only 6% from quiet respiration (B) to deep inspiration (C). D, In another 
patient with portal hypertension, spLenic vein flow (arrow) is reversed (toward the spleen). (The spleen is not visibLe 
in this view.) 

circumstances, a portal vein diameter 
exceeding 13 mm (Fig. 3Z-ZA) indicates 
portal hypertension with a high degree of 
specificity (100% reported) but with low 
sensitivity (45%_50%).20.21 Sensitivity is 
increased by evaluating the response of the 
splenic or superior mesenteric veins to res
piratory maneuvers. In normal indiViduals, 
the diameter of these veins increases by 70% 
to 100% from quiet respiration to deep 
inspiration (see Fig. 3Z-1C and D) . An 
increase of less than 70% (see Fig. 3Z-ZB and 
C) indicates portal hypertension with 
reported sensitivity of about 80% and high 
specificity.21 To understand the absence of 
respiratory response in portal hypertension, 
consider that elevated portal pressure has 

maximized portal vein distention. As a 
result, little or no additional distention 
occurs when the portal vein outflow is indi
rectly restricted by sustained inspiration, 

Portal Flow Direction 
and Velocity 

In normal individuals, portal flow is 
hepatopedal (toward the liver) throughout 
the entire cardiac cycle . Mean flow velocity 
is about 15  to 18 cm/sec, 15, 16,22-24 but the 
normal range is wide. Portal flow velocity 
varies with cardiac activity and respiration, 
giving the portal waveform an undulating 
appearance (see Fig. 3Z-1B) . 
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With the development of portal hyper
tension, portal flow velocity may decrease 
and velocity fluctuations may disappear 
(Le., flow becomes continuous). Ultimately, 
as portal pressure increases, portal vein flow 
may become to and fro (biphasic), or the 
flow direction may reverse (hepatofugal 
flow) (see Fig. 32-2D). Concomitant flow 
reversal may occur in the splenic vein. 

Flow reversal in the portal or splenic veins 
is a variable finding in portal hypertension, 
because the flow direction in these vessels is 
influenced by collateral development. For 
instance, if splenorenal collaterals are the 
primary mode of portal decompression, 
flow may reverse in the portal vein. If, 
however, a large umbilical vein collateral is 
the primary mode of decompression, 
splenic and portal vein flow may remain 
normal (hepatopedal), because the diverting 
collateral (the umbilical vein) originates in 
the left portal system. For the same reason, 
it is possible for flow to be simultaneously 
reversed in the right portal vein and nor
mally directed in the left portal vein. 

When portal hypertension results from 
right heart failure, pulsations may be 
present in the portal vein Doppler signal. 
These pulsations represent exaggerated 
right atrial pulses that are sufficiently strong 
to penetrate the hepatic sinusoids and 
appear in the portal vein.22,23 

Increased Hepatic Artery Flow 

Under normal circumstances, the liver 
receives about 70% of its blood supply from 
the portal vein and 30% via the hepatic 
artery. When portal hypertension is caused 
by cirrhosis, hepatic artery flow may 
increase substantially as compensation for 
diminished portal vein flow. Ultimately, the 
bulk of liver blood flow is provided by the 
hepatic artery, which is visibly enlarged on 
color flow examination and shows substan
tially increased blood flow on Doppler inter
rogation. Unfortunately, the hepatic artery 
does not have the capacity to make up for 
the loss of portal vein flow, and persistent 
hepatic ischemia develops, representing a 
significant cause of ongoing hepatocyte 
damage and progression of fibrotic scarring. 

Cirrhotic Liver Morphology 

Imaging findings that indicate the pres
ence of cirrhoisis also indicate the pres
ence of portal hypertension, for by the 
time cirrhosis is evident, substantial sinu
soidal flow obstruction is invariably 
present. Cirrhosis58 is the nonspecific, end
stage manifestation of hepatocyte injury, 
which leads, ultimately, to tissue necrosis, 
fibrosis, and attempted regeneration of liver 
tissue. Over time, regeneration produces 
a nodular liver texture, initially on a 
microscopic basis and eventually, macro
scopically. There are numerous causes of 
cirrhosis, but in Western nations, alco
holism and hepatitis C infection are the 
principal etiologies. In Asia, Africa, and 
most developing countries, viral hepatitis is 
the usual cause. Cirrhosis is classified as 
micronodular or macronodular, depending on 
the size of regenerative nodules present. 
Macronodular cirrhosis is simply an 
advanced stage that has gone beyond the 
micronodular form. 

Cirrhosis may be diagnosed with ultra
sound only when specific findings are iden
tified,58-65 as illustrated in Figure 32-3. 
The following observations are particularly 
noteworthy: 
1. Ultrasound is not sensitive for the 

presence of cirrhosis. Biopsy-definable 
cirrhosis (and associated portal hyper
tension) is frequently present in livers 
that look absolutely normal on ultra
sound examination. lt is only when 
morphological changes occur in the liver 
or portal hypertension is evident that 
ultrasound can confirm the existence of 
cirrhosis. 

2. Ultrasound attenuation by the cirrhotic 
liver is similar to that of the normal 
hepatic parenchyma. The cirrhotic liver 
may have a slightly more coarse texture 
than a normal liver, but it is not strongly 
echogenic and is easily penetrated by 
the ultrasound beam. High parenchymal 
echogenicity and marked ultrasound 
attenuation are signs of fatty infiltration 
of the liver (also called steatosis). This 
condition can be superimposed on cir
rhotic changes but is not a manifestation 
of cirrhosis, per se. 
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FIGURE 32-3. Morphologic findings associated with cirrhosis. A, The liver surface is nodular, and a large amount 
of ascites (black area) surrounds the liver. B, The left (L) and caudate (C) lobes of the liver are enlarged. C, The 
spleen is enlarged. 

3. In patients with advanced cirrhosis, the 
texture of the liver is more coarse than 
normal, and the surface is irregular 
because of the presence of regenerative 
nodules. Surface nodularity is most easily 
detected when ascites surrounds the 
liver and highlights its surface (see Fig. 
32-3A). Even fine surface nodularity is 
abnormal and confirms the diagnosis of 
cirrhosis.59 Furthermore, as stated previ
ously, the presence of nodularity or other 
specific findings of cirrhosis clearly indi
cates sinusoidal obstruction and the pres
ence of portal hypertension. 

4. Large regenerative nodules may occac 
sionally be visualized with ultrasound as 
discrete, rounded structures within the 
liver parenchyma.62-65 These nodules are 
either isoechoic or slightly hypoechoic 
relative to the surrounding hepatic tissue. 
Regenerative nodules are extremely num
erous in cirrhotic livers, yet their visuali
zation with ultrasound is rare. Therefore, 
a regenerative nodule should not be the 
first thought when a discrete lesion is 
seen in a cirrhotic liver. Instead, the 
sonologist should think of neoplasia and 
particularly of hepatocellular carcinoma. 
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5 .  The number of visible portal or hepatic 
veins is reduced in cirrhotic livers, in pro
portion to the severity of disease. The 
loss of visible vessels appears to be a com
pressive phenomenon related to hepatic 
fibrosis, but the exact etiology is 
unknown. 

6. As suggested by previous statements, 
portal hypertension is a frequent con
comitant finding in cirrhosis. The pres
ence of portal hypertension confirms the 
diagnosis of cirrhosis, unless there is clin
ical or imaging evidence for other causes 
of portal hypertension. 

7. Severe, end-stage cirrhosis is accom
panied by shrinkage of the liver in a char
acteristic pattern: 1) The right lobe is 
small, with resultant widening of the 
fissure between the right and left lobes 
(adjacent to the gall bladder); and 2) 
the caudate and left lobes are en
larged owing to regeneration59-61 (see Fig. 
32-3B) . The cause of these morphologic 
changes is not known for certain. Cir
rhosis (and portal hypertension) may be 
diagnosed in some patients simply by 
comparing the maximum transverse 
dimension of the caudate and right lobes 
of the liver, using a transverse ultrasound 
image just below the portal bifurcation. 
If the caudate/right lobe ratio exceeds 
0.65, cirrhosis may be diagnosed with 
90% to 100% certainty.58,61 Unfortu
nately, this ratio is only 43% sensitive for 
cirrhosis.61 

Splenomegaly 

An important manifestation of portal 
hypertension is splenomegaly (see Fig. 
32-3C) . The size of the spleen does not 
correlate well with the level of portal 
pressure, and splenomegaly may be 
caused by numerous conditions in addi
tion to portal hypertension. Nonetheless, 
splenomegaly commonly accompanies 
portal hypertension and is a noteworthy 
finding. I,2 The spleen is best measured in a 
coronal plane. A maximal cephalocaudal 
measurement exceeding 13 cm indicates 
enlargement with a high degree of 
reliabili ty. 66 

Pitfalls of Portal Hypertension 
Assessment 

Ultrasound is a useful method for evaluating 
the portal venous system and for confirming 
the diagnosis of portal hypertension, but it 
is not a perfect method, as indicated by the 
following diagnostic pitfalls. 
1 .  Most importantly, the absence of the 

findings described previously does not 
exclude portal hypertension, nor does it 
exclude the presence of cirrhosis. 

2. The direction of flow in the portal vein 
may be ambiguous or may spuriously 
appear to be reversed for technical 
reasons. Abnormal flow direction, there
fore, should be confirmed with several 
interrogations of the portal vein, prefer
ably from different transducer positions. 

3. When flow is very sluggish, the portal 
vein may appear occluded on color flow 
or spectral Doppler examination, even 
though it is patent, as discussed later. 

4. Splenic vein occlusion or splenic flow 
reversal may be overlooked if only hilar 
branches are visualized and the splenic 
vein per se is not examined. This error 
occurs because blood flow, of necessity, 
must exit the spleen, even if subse
quently channeled into collateral veins. 
Hence, flow in the hilar branches is 
always normally directed, even if the 
splenic vein is occluded. 

5. Portal vein dilatation may be caused by 
severe congestive heart failure (CHF), 
because of transmission of back pressure 
from the right atrium through the 
hepatic sinusoids to the portal circula
tion.25,26 Such dilation may be attributed 
mistakenly to cirrhosis. Two findings 
help to identify CHF: Portal flow is often 
markedly pulsatile, and the IVC is 
dilated. Neither of these findings is a 
feature of portal hypertension related to 
liver disease. 

PORTOSVSTEMIC VENOUS 
COLLATERALS 

Porto systemic venous collaterals2,3,6,27-49 are 
important findings, for in most cases, their 
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presence is a clear indication of portal 
hypertension. The exception to this rule is 
collateralization related to isolated splenic 
or mesenteric vein occlusion. Portosystemic 
collaterals develop out of necessity in 
patients with portal hypertension, for blood 
from the gut must have an alternative 
means to reach the heart when flow 
through the liver is restricted. The major 
portosystemic collateral routes are illus
trated in Figure 32-4. 

A systematic search is required for detec
tion of porto systemic collaterals, as outlined 
in Table 32-1 . Ultrasound is reported to 
visualize 65% to 90% of portosystemic col
laterals,3s,36,40,4},S3 and virtually every collat-
eral that may occur has been seen with 
ultrasound .. 6,27-49 Only a few portosystemic 

Umbil ical v. 
collateral 

FIGURE 32-4. Major portosystemic collaterals. 

collaterals are identified regularly, however, 
and these are described in Table 32-2 and 
shown in Figures 32-4 through 32-9. Please 
review this material before proceeding, as it 
is not repeated in the text. 

Several caveats are noteworthy with 
respect to portosystemic collaterals: 
1 .  The effectiveness of large collaterals in 

decompressing the portal system is 
subject to debate.27,33,38,41,46,67 Large collat-
erals do not clearly protect a patient from 
gastroesophageal hemorrhage. 68 

2. The coronary vein (also called the left 
gastriC vein) may be seen in some normal 
individuals; therefore, the mere presence 
of a coronary vein does not indicate 
portal hypertension. The diameter of a 
normal coronary vein does not exceed 

Gastroesophageal collaterals 
I 

�+------cr7""=--:::::::=----- Splenic v. 

Superior mesenteric v .  

Hemorrhoidal 
collaterals 
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SECTION V Abdomen and Pelvis 

Table 32-1 . How to Search for Portosystemic Collaterals 

Step 1 Begin with the splenic vein and note the direction of flow in this vessel. If flow is reversed 
(toward the spleen), splenogastric or splenorenal collaterals are likely to exist. 

Step 2 Evaluate blood flow direction in the main portal vein and the right and left portal branches. 
Flow reversal or a to-and-fro flow pattern indicates collateralization. 

Step 3 Return to the left portal vein and follow it to the vicinity of the falciform ligament, where an 
umbilical vein collateral may be visible (see Fig. 32-7). 

Step 4 Look for a dilated coronary vein by locating the superior mesenteric vein-portal junction on 
longitudinal images. Move the scan plane slightly to the right and left until a cephalad
directed vessel is identified, as seen in Figure 32-5. 

Step 5 Look for varices in the gallbladder wall and bed (see Fig. 32-6). 
Step 6 With longitudinal scans, sweep along the left lobe of the liver, looking for gastric or 

gastroepiploic collaterals adjacent to the posterior surface of the liver (see Fig. 32-8). 
Step 7 With longitudinal scans, look for collaterals in the vicinity of the gastroesophageal junction 

(see Fig. 32-9A) .  
Step 8 With the patient in the right lateral decubitus position and using coronal or transverse scans, 

look for splenorenal and splenogastric collaterals in the vicinity of the upper and lower 
poles of the spleen (respectively) (see Fig. 32-98). 

Table 32-2. The Sonographic Appearance of Portosystemic Collaterals 

Collateral 

Coronary vein 

Gastroepiploic 

Left gastroepiploic and 
gastroesophageal 

Splenorenal 

Umbilical vein 

Appearance 

Prominent, cephalad-directed vessel that arises from the portal vein 
approximately opposite to the superior mesenteric vein. Visible on 
longitudinal images. 

Cephalad-directed vessels seen along the inferior border of the left lobe of 
the liver on longitudinal images. 

Tortuous vessels ncar the upper pole of the spleen and the gastroesophageal 
junction. Seen primarily on coronal images. 

Tortuous, inferiorly directed vessels located between the spleen and the 
upper pole of the left kidney, possibly accompanied by left renal vein 
enlargement. Primarily seen on coronal images. 

Solitary vessel that may be large, which originates from the ascending 
portion of the left portal vein. It courses inferiorly through the falciform 
ligament and along the anterior abdominal wall to the umbilicus. Seen on 
longitudinal or transverse images. 

Adapted from Pollard ]J, Nebesar RA: Altered hemodynamics in the Budd-Chiari syndrome demonstrated 
by selective hepatic and selective splenic angiography. Radiology 89:236-243, 1 967; Menu Y, Alison 0, 
Lorphelin ]-M, et al: Budd-Chiari syndrome: US evaluation. Radiology 157 : 761-764, 1 985. 

FIGURE 32-5. Coronary vein collateral. 
A longitudinal (parasagittal) sonogram 
shows a dilated coronary vein at its 
attachment to the portal vein (PV), near 
the portosplenic junction. 
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FIGURE 32�. Gallbladder wall collat
eral. A longitudinal sonogram in a 
patient with cirrhosis shows large 
varices (arrows) within the gallbladder 
wall. Flow in these vessels was visualized 
on a computed tomogram (not shown). 
Ascites surrounds the gallbladder. 

A B 

FIGURE 32-7. Umbilical vein collateral. A, This trans
verse sonogram through the ligamentum teres shows a 
central vessel (arrow) that could be either normal or 
abnormal. B, Longitudinal color Doppler sonogram 
demonstrates that flow in this vessel (arrow) is 
hepatopedal (away from the liver), indicating that the 
umbilical vein is functioning as a portosystemic collat
eral. C, Continuous flow away from the liver is con-
firmed with the Doppler spectrum. C 
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4 mm, whereas, a diameter exceeding 
7 mm is evidence of an abnormal portal! 
systemic pressure gradient (exceeding 
10 mm Hg). Hepatofugal coronary vein 
flow also indicates an abnormal por
to systemic pressure gradient.36,42,69 

3. Umbilical vein* collateral flow, which 
begins in the area of the ligamentum 
teres, is an important feature of portal 
hypertension, for it carries a diagnostic 
specificity of 100%.47,48 An artery or vein 
of up to 2 mm in diameter may be 
present normally in the ligamentum 
teres; therefore, the mere presence of a 
vessel in the ligamentum teres does not 
imply umbilical vein collateralization.43-48 
The diagnosis of collateral flow requires 
documentation of venous flow away 
from the liver (see Fig. 32-5). It should 
be noted, however, that flow some
times is away from the liver in a normal 
ligamentum teres vein, but in such 
cases, the velocity does not exceed 
5 cm/sec.44-46,70 

4. Portosystemic collaterals may develop in 
response to venous occlusive disease 
unrelated to portal hypertension. The 
most common example is splenic vein 
occlusion, which is the most likely diag
nosis when large splenosystemic collat
erals are detected49 (see Fig. 32-9). 

*Whether this is  a recanalized portion of the umbilical 
vein or a paraumbilical vein is subject to debate,<6-48,66 

FIGURE 32-8. Left gastric collaterals. 
Collateral veins (an-ow) are seen dorsal to 
the left lobe of the liver. 

Differentiation between splenic vein 
thrombosis and portal hypertension is 
generally not a problem, because the 
presence or absence of a patent splenic 
vein can usually be documented with 
color flow examination. 

5. Large portosystemic collaterals at the 
esophagogastric junction may be mis
taken for neoplastic masses if color flow 
examination is not performed.32 

PERCUTANEOUS TRANSHEPATIC 
SHUNTS 

Porto systemic shunts may be created to 
decompress the portal venous system and 
thereby protect patients with portal hyper
tension from gastroesophageal bleeding. In 
the past, shunts were made surgically, but 
presently, most porto systemic shunts are 
created percutaneously, via the internal 
jugular vein. Ultrasound is an effective 
method for evaluating the portal and 
hepatic venous systems prior to the shunt 
procedure and for postprocedure assess
ment of shunt patency and function.2,6,SD-S6 

The acronym "TIPS" is applied to the per
cutaneously created shunts, derived from 
the official name: Transjugular Intrtahepatic 
Portocaval Shunt. The TIPS procedure is 
highly effective for reducing ascites, pre
venting hemorrhage from gastroesophageal 
varices, and improving the quality of life of 
patients with severe cirrhosis/D-74 but TIPS 
shunts are subject to a high rate of stenosis 
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CHAPTER 32 Ultrasound Assessment of the Hepatic Vasculature 

FIGURE 32-9. Splenic coli at
erals. A, Large, tortuous collat
eral veins (arrows) are seen in 
the vicinity of the gastroe
sophageal junction on this lon
gitudinal scan through the left 
lobe of the liver. These collater
als arise from the splenic hilum 
(not seen on this image) . Ao, 
aorta. B, In this patient with 
congenital hepatic fibrosis, large 
splenorenal collateral veins 
(arrows) are seen to extend from 
the inferior end of the spleen (S) 
toward the left kidney (K). 

B 

or occlusion, which can result in recurrent 
hemorrhage and reaccumulation of ascites. 
Primary TIPS patency (Le., without inter
vention either to preserve or restore 
patency) ranges from 23% to 66% at 
1 year.75-78 With intervention for thrombo
sis or occlusion (balloon angioplasty and 
thrombolysis), the I -year patency rate is 

increased to about 85%.63 The importance 
of postprocedure shunt surveillance to 
detect stenosis is obvious from these statis
tics. Occlusion or stenosis occurring within 
the first or second week after the TIPS pro
cedure is the result of thrombosis and may 
be related to technical problems with 
the TIPS procedure. Occlusion or stenosis 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


SECTION V Abdomen and Pelvis 

occurring later results from pseudointimal 
(neointimal) hyperplasia; in essence, fibrous 
tissue proliferation in the stent wall. 

The terms stent and shunt are a little con
fusing. The shunt is the channel created 
between the portal and hepatic vein, while 
the stent is the device used to create the 
shunt and keep it open. The metallic stents 
used to create TIPS shunts are readily seen 
and evaluated with ultrasounds8,s7 (Fig. 
32-10), and for that reason, sonography is 

c D 

the primary method for TIPS follow-up. The 
goal of ultrasound examination is to 
confirm that the shunt is patent and to 
search for stenosis. The following examina
tion protocol has been recommended for 
TIPS assessment.66 

Before the Procedure 

In preparation for the TIPS procedure, a 
scan is performed to document patency and 

FIGURE 32-1 O. Normally functioning Transjugular Intrtahepatic Portocaval Shunt (TIPS). A, Color-Doppler image 
of the portal end of the shunt (arrow). PV, portal vein. B, Color Doppler view of the hepatic (Hep) vein end of the 
shunt (arrow) near the right atrium. C, Typical mid-shunt Doppler signal. Peak velocity (Pk V) is 103 cm/sec. D, A 
large volume of portal blood flow is indicated by a portal vein velocity (Pk V) of 41 cm/sec. 
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flow direction in the portal, splenic, and 
superior mesenteric veins and to confirm 
that the hepatic veins and the internal 
jugular vein (insertion site) are patent. It is 
also important to note whether the portal 
vein bifurcates within or outside of the 
hepatic parenchyma. T.he latter configura
tion, though uncommon, increases the risk 
of perforation of the portal vein during the 
procedure. Finally, the liver is examined 
for mass lesions, possibly representing 
hepatoma, the presence of which would 
influence the decision to create the 
shunt. 

After the Procedure 

Space limitations do not permit description 
of the TIPS procedure. Suffice it to say that 
the completed shunt typically extends from 
the right portal vein to the middle or right 
hepatic vein. After the TIPS procedure, the 
shunt is scanned within the first 24 hours 
to document patency and establish baseline 
flow velocities in the shunt and the portal 
vein. Follow-up examinations are then con
ducted at the discretion of the interven
tional radiologist (typically at 3 months 
and then at 6-month intervals thereafter) . 
Regular follow-up is advisable, for reasons 
mentioned previously. 

Normal shunt findings include the 
following: 
1 .  The proximal and distal ends of the stent 

are squarely positioned in the hepatic 
and portal veins, respectively (as opposed 
to partially within the vein and partially 
embedded in the liver parenchyma). The 
ends of the stent may protrude slightly 
into the portal or hepatic vein. 

2. On color flow examination, blood flow 
"fills" the stent from wall to wall (no 
filling defect) . 

3. Doppler flow signals are monophasic and 
slightly pulsatile. 

4. Moderate spectral broadening (turbu
lence) is the norm. 

5. Peak systolic velocity in the shunt is at 
least SO to 60 cm/secl9,8O-82 and normally 
ranges from 90 to 120 cm/sec.80,83,84 

6. Flow velocity is similar throughout the 
shunt. 

7. Portal vein flow is hepatopedal. (Note: 
Flow may be reversed in the right or left 
portal vein branches in a normally func
tioning shunt.) 

8. Main portal vein flow velocity is sub
stantially increased, as compared with 
preshunt values (peak velocity at least 
30 cm/sec, with a typical shunt range of 
37-47 cm/sec).80,83-88 

Shunt Stenosis 

The most common location for shunt 
stenosis (Fig. 32-1 1) is in the hepatic vein 
branch immediately adjacent to the proxi
mal end of the stent, but stenosis can also 
occur at other locations in the shunt or 
diffusely throughout it. Shunt stenosis 
often can be diagnosed directly with ultra
sound through detection of localized 
high-velocity flow and severe turbulence. 
Stenosis-related velocities as high as 
400 cm/sec have been reported. 72 Shunt 
stenosis is also indicated by generalized 
reduced flow velocity throughout the stent, 
as compared with baseline values. A shunt 
velocity of less than SO or 60 cm/sec (at any 
location) highly suggests shunt malfunction 
and warrants close investigation of the 
shunt.81-83,86,87 A further indicator of shunt 
stenosis is a change in velocity exceeding 
100 cm/sec from a normal part of the shunt 
to a narrowed area. 

A drop in portal vein flow velocity from 
the postprocedure baseline is highly sugges
tive of shunt malfunction.83,85-87 This stands 
to reason, as the shunt is a direct commu
nication between the portal and systemiC 
systems. Portal vein flow should be at a high 
volume (and velocity) if the shunt is patent. 
As noted previously, a portal vein flow 
velocity less than 30 cm/sec is of great 
concern. 

Shunt Occlusion 

Shunt occlusion is indicated by absence of 
flow in the shunt and return of portal flow 
velocity and direction to preprocedure 
status. Caution is advised in assessing 
the apparently occluded shunt, as low-flow 
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A B 

c o 
FIGURE 32-1 1 .  Transjugular Intrahepatic Portocaval Shunt (TIPS) stenosis. A, Near the hepatic vein end, the lumen 
of the shunt appears narrowed (al7ow), and flow appears turbulent. B, The peak velocity (Pk Vel) in the narrowed 
segment is 196 em/sec. This is more than 100 em/sec greater than the portal end (C), which is 74 em/sec. D, Portal 
vein velocity is low (Pk Vel only 14 cm/sec). 

velocity in a highly stenosed shunt may be dif
ficult to detect with ultrasound. If flow is not 
detected with color flow imaging, try spec
tral Doppler (which generally is more sensi
tive) before concluding that the shunt is 
occluded. In my opinion, shunt occlusion 
should be confirmed angiographically, as a 
"trickle" of flow may be present that can
not be detected with ultrasound. A highly 
stenosed or recently occluded shunt may be 
returned to patency, whereas a more chron
ically occluded shunt cannot be repaired by 
any means. 

TIPS Summary 

Normal and abnormal TIPS Doppler values 
are listed in Table 32-3. 

PORTAL VEIN OCCLUSION 

Pathology 

Portal vein occlusion2•4-6,10,67-116 is princi
pally caused by thrombosis or tumor inva
sion. Thrombosis may be preCipitated by 
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Table 32-3. Normal and Abnormal 
Doppler Parameters for Tips Shunts 

Normal 

1 .  Pulsatile flow in shunt 
2. Peak systolic shunt velocity: 

At least 50-60 em/sec 
Range 90-120 em/sec 

3. Velocity similar at portal and hepatic ends 
of shunt 

4. Portal and splenic vein flow hepatopedal 
5. Portal vein velocity: 

Substantially greater than preshunt value 
At least 30 em/sec 
Range 37-47 em/sec 

Abnormal 

1 .  Localized high velocity (stenosis) and flow 
disturbance (poststenosis) 

2. Increase in velocity from one point to 
another in the shunt of more than 100 

em/sec 
3. Visible diffuse narrowing with or without 

high velocity 
4. Generalized low velocity throughout shunt 

(less than 50 em/sec) 
5. Continuous (nonpulsatile) flow in shunt 
6. Decrease in portal vein velocity from post-

procedure baseline 
7. Portal vein velocity less than 30 em/sec 
8. Hepatofugal or to-and-fro portal or splenic 

vein flow 
9. Absence of flow in shunt 

stagnant portal flow in patients with 
cirrhosis. Other causes include hypercoagu
lable states, surgery, and intraperitoneal 
inflammatory processes, such as pancreati
tis and appendicitis. With pancreatitis, the 
peri pancreatic inflammatory process ex
tends to the portal and splenic veins and 
causes phlebitis, predisposing them to 
thrombose. In appendicitis, bacteria shed 
into the portal system causes portal 
phlebitis, which in turn causes thrombus 
to form. Tumor invasion of the portal 
vein occurs most frequently with hepato
cellular carcinoma and pancreatic car
cinoma.88,91-94, 101, 103-107 

Portal vein occlusion is usually perma
nent, but recanalization occurs in some 
cases of thrombosis. More frequently, portal 
flow is reestablished via cavernous trans
formation (discussed later). If portal flow 

is not adequately reestablished, decompres
sion of the portal system occurs via spon
taneous portosystemic collaterals (see Fig. 
32-4) . 

Acute Findings 

The main portal vein is seen on 97% of 
upper abdominal sonograms96,97; therefore, 
when a normal-appearing portal vein is not 
readily seen, portal vein occlusion should 
come to mind.2,6,70.72--8o.89.90 The most impor-
tant findings that corroborate the diagnosis 
are absence of portal flow, accompanied by 
echogenic material within the portal vein 
lumen. Occluding material, whether throm
bus or tumor, is generally low or moderate 
in echogenicity. Recently formed thrombus 
may be so slightly echogenic as to be over
looked, in the absence of color flow exami
nation. Blood flow may be absent in an 
occluded portal vein, or a trickle of flow 
may be seen around the occluding material. 
Color flow distinguishes between portal 
vein tumor and thrombus through the 
detection of tiny tumor blood vessels within 
the occluded vein (with pulsatile arterial 
flow) in cases of portal vein tumor exten
sion. Blood vessels do not occur within 
thrombus. If the portal vein is only partially 
blocked (Fig. 32-12A), increased flow veloc
ity and disturbed flow may be apparent at 
the site of obstruction. 

The occluding material frequently dilates 
the portal vein and its branches noticeably 
(see Fig. 32-12B). Massive dilatation, with a 
portal vein diameter exceeding 23 mm, sug
gests tumor, but this is not specific. 107 
Thrombus may extend into the splenic or 
superior mesenteric veins (see Fig. 32-12C), 
and these tributaries should be evaluated 
to confirm the extent of occlusion. Patent 
segments of the portal system distal* to 
an occluded portal vein are often dilated. 
Low-velocity, continuous flow, rather than 
the normal phasiC flow pattern, may be 
present in these segments. IntrahepatiC col
lateral vessels may develop following portal 

*The terms distal and proximal are used with respect to 
the heart. Proximal means closer to the heart, and distal 
means farther from the heart. 
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vein occlusion, connecting one portal 
segment with another, and these may be 
visualized sonographically. l l l  Finally, blood 
flow may be reversed in the splenic or 
superior mesenteric veins when the portal 
vein is occluded. 

Chronic Findings 

If portal vein thrombosis persists without 
substantial lysis, the portal vein undergoes 
fibrosis and may vanish from a sonographic 
perspective. Cavernous transformation of 
the portal vein is the principal manifesta
tion of chronic portal vein thrombosis. In 
this condition, a tangle of tortuous collat-

FIGURE 32-1 2. Examples of portal vein occlusion. A, No 
blood flow is seen within the portal vein (PV) in this patient 
with a hypercoagulable state and abdominal pain. Note that 
the PV is at most slightly dilated. Blood flow is visible in 
the adjacent inferior vena cava (IVe). (Findings were con
firmed with portal venography.) B, An oblique sonogram of 
a patient with cirrhosis shows massive thrombotic disten
tion of the portal vein (PV) and the contiguous right and 
left portal branches. The PV measures 4 cm in maximum 
diameter. C, No flow is evident in the splenic vein (SV) in 
this patient with subacute pancreatitiS. Note that flow is 
visible in other vessels at an equal depth. 

eral veins are seen along the usual course of 
the portal vein (Fig. 32-13). These collater
als develop within 6 to 20 days after acute 
occlusion. l 1 1  The uninitiated sonographer 
may mistake these vessels for other pathol
ogy, including biliary dilatation. Color flow 
ultrasound examination should prevent 
such errors, however, by demonstrating 
venous flow in the collateral vessels. A sec
ondary sign of chronic portal vein occlusion 
is the development of portosystemic collat
erals. These are identical in location and 
appearance to those described previously 
(see Table 32-2 and Fig. 32-4). Intrahepatic 
collaterals may also develop. 1 11 Lobar 
atrophy may occur if only a portion of the 
intrahepatic portal system is occluded, but 
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CHAPTER 32 Ultrasound Assessment of the Hepatic Vasculature 

FIGURE 32-1 3. Cavernous trans
formation of the portal veins. A, 
An irregular tangle of vessels is 
seen at the porta hepatis in this 
patient with a remote history of 
portal vein thrombosis caused 
by abdominal sepsis. IVC, infe
rior vena cava; RPV, right por
tal vein. B, Contrast-enhanced 
computed tomography in the 
same patient shows a large 
tangle of collateral veins 
(arrows) in the vicinity of the 
pancreas that eventually coa
lesce as the splenic vein (SV). 

B 

this usually occurs when concomitant 
biliary obstruction is present.l l  

It is reasonable to assume that portal 
vein thrombosis is a devastating, deadly 
occurrence, but this clearly is not always 
the case. If adequate collateralization is 
established, flow to the liver may be satis
factory and no long-term consequences 
may occur. However, some patients will 
suffer gastroesophageal bleeding (possibly 
life threatening) due to collateralization, 

especially when gastroesophageal collaterals 
develop. 

Diagnostic Accuracy 

The sonographic diagnosis of portal 
vein occlusion is highly accurate (sen
sitivity 89%-100% and specificity 96%-
100%) .99-106,109,116 Although diagnostic errors 
are uncommon, three pitfalls are particu-
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larly noteworthy. First, recently formed 
thrombus that is virtually anechoic may be 
undetected if color flow sonography is not 
used, as noted previously. Second, patients 
with portal hypertension may have low
velocity or to-and-fro portal flow that is dif
ficult to detect with Doppler ultrasound, 
causing a false-positive impression of occlu
sion. Third, an inadequate Doppler angle 
may preclude detection of portal flow, 
leading to a false-positive diagnosis. 

HEPATIC VEIN OCCLUSION 

A second venous occlusive disorder of the 
liver that may be detected sonographicaUy 
is hepatic vein occlusion, which results in 
a clinical complex called the Budd-Chiari 
syndrome.2,5, 114-133 

Pathology 

The term Budd-Chiari syndrome refers to clin
ical and histologic abnormalities occurring 
in response to acute obstruction of hepatic 
vein flow.82-85 The clinical abnormalities 
are hepatomegaly (a result of congestion), 
abdominal pain (a result of hepatomegaly), 
abrupt development of ascites, and hepato
cellular dysfunction (evidenced by bio
chemical tests). The histologic findings 
specific for Budd-Chiari syndrome are cen
trizonal sinusoidal distention and pooling 
of blood in the sinusoids. 

The causes of Budd-Chiari syndrome are 
numerous and vary in relation to the 
primary site of obstruction, which may be 
sinusoids, at the hepatic vein level, or in the 
IVC. The following imaging ramifications of 
these locations are noteworthy: 
1 .  With sinusoidal occlusion,* the major 

hepatic veins may remain patent or 
may become occluded secondarily as a 
result of sluggish blood flow. Ultrasound 
can only diagnose the sinusoidal form 
of Budd-Chiari syndrome when the 

'Centrilobular venous occlusion is sometimes referred 
to by the confusing term venoocclusive disease of the 
liver. 

hepatic veins undergo secondary throm
bosis. Fortunately, the sinusoidal form 
of hepatic vein occlusion is rare, limit
ing the potential for false-negative 
diagnoses. 

2. Primary hepatic vein occlusion is readily 
detected with ultrasound. Such occlusion 
results from either thrombosis or tumor 
invasion of the hepatic veins. Throm
bosis is often related to cirrhosis (20% 
of cases)83 or hypercoagulable disorders. 
Neoplastic invasion is most commonly 
seen with hepatoma. 

3. Stenosis or occlusion of the .IVC cephalad 
to the hepatic veins causes Budd-Chiari 
syndrome by inducing hepatic vein con
gestion (back-pressure) or secondary 
hepatic vein thrombosis. IVC obstruc
tion may have a variety of causes, includ
ing congenital stenosis or occlusion, t 
thrombosis from hypercoagulable states, 
and neoplastic invasion. Obstruction 
of the IVC is readily detected with 
ultrasound. 

4. Finally, a Budd-Chiari-like syndrome 
may occur with excessive right atrial 
pressure, as seen with severe congestive 
heart failure or cardiac tamponade from 
pericardial effusion. 

Therapy 

Certain cases of IVC occlusion are amenable 
to surgery, but in the past, no treatment was 
available for primary hepatic vein occlu
sion. More recently, TIPS has proved effec
tive for cases of thrombotic occlusion, in 
both the acute and the more chronic 
states.m,m It is likely that TIPS will be used 
more commonly to treat hepatic venooc
clusive disease in the future. 

The ultrasound findings associated with 
hepatic vein obstruction fall into three cat
egories: (1) direct manifestations of hepatic 
vein or IVC occlusion, (2) secondary mor
phologic changes in the liver, and (3) sec
ondary extrahepatic findings. 

tThis rare condition is attributed to congenital causes; 
nevertheless, Budd-Chiari syndrome frequently does 
not occur until the fifth decade of life (40 yr or older). 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


CHAPTER 32 Ultrasound Assessment of the Hepatic Vasculature �03 1 I.-----___ �------------_______________ ....J L .. ,.J 

Direct Ultrasound Findings 

The principal direct ultrasound manifesta
tion of hepatic vein obstruction2,5,6,1l3, 1 18-132 
(Fig. 32-14) is the presence of echogenic 
intraluminal material (thrombus or tumor) 
accompanied by absence of hepatic vein 
flow (see Fig, 32-14) .  If the hepatic vein is 
narrowed but not completely blocked, focal 
elevated velocity and poststenotic turbu
lence may be seen. 

Frequently, proximal portions of the 
hepatic veins (deep within the liver) remain 
patent, while distal regions (near the IVC) 
are occluded. Continuous flow (see Fig. 
32-14D), to-and-fro flow, or reversed flow 
patterns (rather than the normal, hepatofu
gal, pulsatile flow pattern) may be seen in 
portions of the hepatic veins that remain 
patent deep within the liver. A characteris
tic finding in these cases is bicolor flow, in 
which one branch of a hepatic vein is blue 
and another is red. In such cases, the flow 
direction is normal in one branch and 
reversed in the other branch, which serves 
as a collateral channeling blood to other 
hepatic veins or, indirectly, to the systemic 
circulation. Intrahepatic collaterals are com
monly present in cases of hepatic vein 
occlusion and may be visualized sono
graphically as conduits that do not follow 
the usual course of hepatic vessels. They 
may connect one hepatic vein branch with 
another or may connect a hepatic vein with 
a portal or systemiC vein. They may also be 
seen in a subcapsular location. It has been 
stated that intrahepatic collateralization is 
specific for hepatic vein occlusion. This is 
incorrect, as intrahepatic collateralization 
can also be seen in cirrhotic livers and even 
in cases of severe hepatic congestion in 
which the hepatic veins are patent. 131 

Secondary portal blood flow abnormali
ties, caused by back-pressure, also may be 
detected in cases of hepatic vein occlusion. 
These changes include biphasic or reversed 
portal flow, decreased flow velocity, or even 
portal vein thrombosis. 

When IVC occlusion causes the 
Budd-Chiari syndrome,2,5,6, 1 14-1 18,121-124, )26,127 
occluding material (thrombus or tumor) is 
seen within the IVC lumen (see Fig. 32-14). 
If the IVC is stenotic but not occluded, high 

flow velocity and turbulence may be seen in 
the stenotic area. Distal portions of the lVC, 
as well as the iliac veins, typically remain 
patent. These vessels are dilated, and they 
demonstrate flow abnormalities that may 
include flow reversal, a continuous flow 
pattern, and absence of the normal Valsalva 
response. 

The occluding material in the IVC gener
ates low-level echogenicity regardless of 
whether it is tumor or thrombus. Color flow 
examination may differentiate between 
tumor and thrombus through visualization 
of tumor vessels within the occluding mate
rial. (See previous discussion concerning 
portal vein occlusion.) The presence of 
a solid liver mass also favors neoplastic 
obstruction. 

The hepatic veins usually become 
occluded secondarily in patients with lVC 
obstruction, either from stasis-related 
thrombosis or from tumor extension (see 
Fig. 32-14). In some patients, however, the 
hepatic veins remain patent, and low
velocity antegrade flow is present in the 
hepatic veins, accompanied by retrograde 
flow in the nonobstructed portions of the 
IVe. 

Secondary Morphologic 
Changes 

Striking morphologic changes may occur in 
the liver in association with hepatic vein 
obstruction. Acutely, the portions of the 
liver subtended by obstructed veins are 
enlarged (swollen) and hypoechoic (see Fig. 
32-14B) , In the subacute and chronic 
phases, the affected areas become fibrotic 
and shrink in size, and these areas may be 
relatively echogenic, as compared with 
normal hepatic parenchyma. The caudate or 
left lobes of the liver may undergo striking 
compensatory enlargement, because these 
portiOns of the liver are relatively spared 
from the effects of venous back-pressure. 

Secondary Extrahepatic 
Manifestations 

Ascites, pleural effUSion, and gallbladder 
edema are commonly seen in the acute 
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SECTION V Abdomen and Pelvis 

FIGURE 32-1 4. Hepatic vein occlu
sion. This elderly male alcoholic 
patient presented with classic features 
of the Budd-Chiari syndrome. A, A 
coronal image of the right lobe of the 
liver shows a faintly echogenic tumor 
(arrows) within the dilated right 
hepatic vein (RHV) and the inferior 
vena cava (lVe). B, A transverse scan 
shows the tumor-filled right hepatic 
vein (R) and lVe. A poorly defined 
hypoechoic area (arrows),  representing 
hepatic edema, is seen in the posterior 
portion of the right hepatic lobe. The 
middle (M) and left (L) hepatic veins 
are patent, but this is not apparent on 
this gray-scale image. C, Blood flow 
from the middle and left hepatic veins 
passes through a narrow residual 
lumen (arrow) between the tumor 
mass and the wall of the lVe. (Black 
and white representation of a trans
verse color Doppler image.) D, Dop
pler flow signals in the middle and left 
hepatic veins are continuous, consis
tent with significant obstruction. 
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stage of Budd-Chiari syndrome. Spleno
megaly and portosystemic collaterals may 
be evident in chronic cases, in relation to 
persistent portal hypertension. With IVC 
obstruction, lower extremity edema is 
present in both the acute and subacute 
stages. 

Hepatic Vein Nonvisualization 

Nonvisualization or poor visualization of 
the hepatic veins is a diagnostic problem 
when the Budd-Chiari syndrome is sus
pected. In some cases, poorly seen or non
visualized veins may actually be patent and 
normal. In other cases, a patent hepatic 
vein may be seen deep within the liver, yet 
the same vein is obstructed proximally near 
the diaphragm. In the author's opinion, the 
Budd-Chiari syndrome can be excluded only 
when the patency of the major hepatic veins can 
be confirmed unequivocally. If the hepatic 
veins cannot be seen clearly from the IVC 
to deep within the liver, no comment can 
be made with respect to their patency or the 
presence of Budd-Chiari syndrome, unless 
secondary findings, such as intrahepatic 
shunts, are seen. It is easy to locate and 
follow the hepatic veins in a healthy indi
vidual, but this task may be difficult or 
impossible in a patient with cirrhosis or 
steatosis. 
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Chapter 
3 3  

Ultrasound Assessment of 
Native Renal Vessels and 

Renal Allo afts 

This chapter concerns duplex ultrasound 
assessment of the renal arteries and veins. 
Native renal vessels, including renal artery 
stenosis and occlusion, renal vein thrombo
sis, and tumor invasion of the renal veins, 
are considered first. Renal allografts, includ
ing postoperative vascular complications 
and allograft rejection, are then considered. 

ANATOMY 

Both renal arteries arise from the proximal 
abdominal aorta just below the origin of 
the superior mesenteric artery, which serves 
as a handy reference point (Fig. 33-1). 
The right renal artery arises at an anterolat
eral location and passes posterior to the 
inferior vena cava (lVC). It is the only major 
vessel posterior to the lVe. The left renal 
artery generally arises from the lateral or 
posterolateral aspect of the aorta. Duplicate 
main renal arteries and polar accessory 
renal arteries occur in approximately 1 2% to 
22% of patients. 1-S Polar accessory renal 
arteries may arise from the aorta or the iliac 
arteries and usually go unrecognized with 
ultrasound. Even duplicated main renal 
arteries may be overlooked sonographi
cally. ,-s,9-1s The right renal vein is located 
anterior to the right renal artery. The left 
renal vein lies between the superior mesen
teric artery and the aorta (as opposed to the 
splenic vein, which lies anterior to the supe
rior mesenteric artery) . The left renal vein 
may normally be quite large in a supine 
individual. 

PRINCIPLES OF EXAMINATION 

Duplex ultrasound evaluation of native 
renal vessels is a technically difficult exam
ination. Most sonographers are initially 
frustrated by difficulties with locating and 
following the renal arteries and with obtain
ing Doppler signals from these vessels. 
With a little patience, however, a sonogra
pher can become adept at this study and 
perform the examination in a reasonable 
period of time. Literature reports indi
cate that as many as 95% of main renal 
arteries can be adequately examined in 
adult patients.9-1 J,14,1 6 The key to the renal 
Doppler examination is accurate demon
stration of the vascular anatomy. This 
requires an understanding of renal vascular 
anatomy as well as the ability to recog
nize normal and abnormal Doppler 
waveforms. 

Several imaging modalities are available 
to evaluate the renal vessels. Catheter 
angiography remains the "gold standard" 
examination but is limited by its inva
sive nature as well as the fact that it 
exposes patients to iodinated contrast 
material and radiation. Multidetector 
computed tomographic angiography and 
contrast-enhanced magnetic resonance 
angiography (MRA) are less invasive alter
natives to angiography. Both techniques 
have proven valuable in the demonstration 
of renal arterial disease. Computed tomo
graphic angiography offers higher resolu
tion than MRA but also requires iodinated 
contrast material and is contraindicated in 
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FIGURE 33-1 . Renal artery anatomy with montage of normal Doppler waveforms. LK, left kidney; RK, right kidney. 

patients with renal insufficiency. MRA also 
requires intravenous contrast injection and 
in addition is expensive and cannot be per
formed on claustrophobic patients. Com
puted tomographic angiography and MRA 

provide only anatomic information, but 
pressure measurements may be obtained 
with catheter arteriography. Compared with 
these modalities, Doppler sonography is 
inexpensive and noninvasive and does not 
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CHAPTER 33 Ultrasound Assessment of Native Renal Vessels and Renal Allografts [���J 
require contrast material. Doppler examina
tion also provides physiologic as well as 
anatomic information. Thus, Doppler can 
determine the hemodynamic significance of 
a lesion and can assess the need for inter
vention. Doppler examination also plays a 
complementary role to computed tomogra
phy and MRA and can clarify uncertain or 
indeterminate computed tomographic or 
magnetic resonance imaging diagnoses. 

There are several key elements to a suc
cessful abdominal Doppler examination. 
Adequate patient preparation is important 
to reduce the amount of bowel gas, which 
produces scatter and attenuates the ultra
sound beam. We recommend a 12-hour fast 
prior to examination. We prefer to schedule 
our renal Doppler studies in the morning, 
before patients have breakfast to improve 
visualization of the vascular structures. We 
do not give any medication prior to the 
study. The examination is performed on a 
modern ultrasound unit, offering adequate 
gray-scale imaging as well as sensitive color, 
power, and pulsed Doppler modalities. We 
routinely utilize harmonic imaging during 
our investigations to improve resolution 
and decrease artifacts. The technical success 
of each study is also influenced by the 
degree of operator experience. We have had 
tremendous success by training dedicated 
sonographers and sonologists in the tech
niques required to perform complete renal 
Doppler studies in a timely manner. The 
best examiners share several characteristics: 
motivation, patience, and commitment to 
succeed. The learning curve is variable, 
requiring months to a year of experience, 
depending on the volume of cases 
performed. 

TECHNIQUE 

Color flow imaging is an integral compo
nent of renal artery ultrasound examina
tion. Color flow imaging is used to locate 
the renal arteries and detect flow distur
bances that indicate stenosis. However, 
when used alone, this modality may give a 
false impression of renal artery stenosis, 
because atherosclerotic plaques can cause 
flow disturbances in vessels that are not 

significantly stenotic. Pulsed Doppler spec
tral analysis must be used in conjunction 
with color flow imaging, as it provides 
quantitative information through the meas
urement of blood flow velocity in areas of 
stenosis. 

There are a number of technical shortcuts 
that increase the likelihood of identifying 
both renal arteries in their entirety and 
decreasing the time of the examination. The 
first step is to optimize the color and pulsed 
Doppler parameters so as to improve renal 
artery visualization as well as the conspicu
ity of flow-reducing lesions. Adjustment of 
the color Doppler parameters, including 
color gain, pulse repetition frequency (color 
velocity scale), and wall filter, is achieved in 
areas of laminar flow, in either the aorta or 
a normal segment of a renal artery. Proper 
color Doppler adjustment allows the exam
iner to "screen" the vessel quickly for steno
sis, as elevated velocities in stenotic regions 
then produce a color aliasing artifact that is 
readily apparent. The examiner can then 
place the Doppler sample volume at the site 
of flow disturbance to determine the 
highest peak systolic velocity. 

In addition to optimization of the color 
Doppler parameters, the experienced so
nographer utilizes all available acoustic 
windows to obtain velocity information 
from the renal arteries. When possible, the 
renal arteries are visualized directly from an 
anterior abdominal approach, but this may 
not be feasible due to artifacts and attenua
tion from bowel gas or obesity. When the 
anterior abdominal approach fails, we 
utilize additional soft tissue windows to 
visualize the deep abdominal vessels. The 
patient is positioned in an oblique or decu
bitus pOSition, and sound is transmitted to 
the renal arteries and aorta through the 
kidneys and liver. It is possible to obtain all 
the necessary color flow views and spectral 
Doppler samples from the renal arteries in 
the decubitus position. 

The spectral Doppler examination is per
formed with a small sample volume so as to 
obtain flow information from only the 
vessel of interest. Pulsed Doppler sampling 
is performed with angles of 60 degrees or 
less. We never use angles of greater than 60 
degrees, because this artifactually increases 
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the peak systolic velocity measurement. The 
pulse repetition frequency (PRF) is adjusted 
so that the waveforms are large and easy to 
read but without causing aliasing. 

The protocol for our renal artery Doppler 
examination includes complete evaluation 
of the kidneys. Left and right decubitus 
patient positions are preferred for the 
kidney examination (left decubitus for 
the right kidney and vice versa). We note 
the echogenicity and thickness of the renal 
parenchyma and measure the kidney 
length. We also assess the kidneys for 
atrophy, scarring, hydronephrosis, calculi, 
or masses. We identify occult renal cell car
cinomas each year during renal Doppler 
examinations. 

We next perform a longitudinal survey of 
the abdominal aorta from the celiac artery 
to the iliac bifurcation and evaluate the 
amount of atherosclerotic plaque. This is 
done with both gray-scale and color flow 
Doppler. Gray-scale evaluation is important 
to assess for irregular plaque and ostial 
lesions (Le., at the origin of the aortic 
branches), which may be obscured by color 
flow blooming.* The presence of significant 
atherosclerotic plaque should increase the 
suspicion for possible ostial renal artery 
disease, particularly in elderly or diabetic 

'Blooming refers to the tendency of the color flow 
Doppler image to extend beyond the vascular lumen, 
obscuring adjacent structures, including atheroscle
rotic plaque and the vessel wall. 

FIGURE 33-2. Color Doppler 
image displays the entire right 
renal artery (RRA) from the 
aorta (AO) to the renal hilum. 
Note the anterior liver paren
chyma serves as an acoustic 
window. RRV, right renal vein. 

patients. Conversely, the absence of plaque 
in the aorta decreases the likelihood of ath
erosclerotic renal artery stenosis. We also 
look for flow abnormalities at the origin of 
the celiac and superior mesenteric arteries 
that indicate significant stenosis. The size 
and location of abdominal aortic aneurysms 
are noted. Finally, angle-corrected peak sys
tolic velOCity measurements are obtained 
from the abdominal aorta at the level of the 
renal arteries. These aortic velocity meas
urements are used to determine the renal 
artery-to-aorta velocity ratio, as discussed 
later. 

Our protocol for the evaluation of renal 
arterial disease includes the direct examina
tion of both renal arteries as well as sam
pling of the segmental branches in both 
renal hila. When possible, we locate the 
origin of the renal arteries on transverse 
images of the aorta using an anterior trans
ducer approach. 1 7  We begin at the celiac axis 
or the superior mesenteric artery, because 
these are easily located, and move slightly 
caudad along the aorta until the origin of 
each renal artery is seen. The right renal 
artery is often easier to identify than the left 
and is relatively easy to follow to the renal 
hilum (Fig. 33-2). The left renal artery is 
harder to follow all the way to the kidney 
from an anterior approach. The distal 
portion of the left renal artery may be seen 
by positioning the patient in a right lateral 
decubitus position and scanning from a left 
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FIGURE 33-3. Color Doppler scan through the left 
kidney, obtained in the right lateral decubitus position, 
allows complete visualization of the left renal artery. 

posterolateral transducer approach,18 using 
the left kidney as an acoustic window (Fig. 
33-3). An analogous approach can be used 
to visualize the distal right renal artery and 
its branches, with the patient in a left lateral 
decubitus position. In children, both renal 
arteries can sometimes be viewed simulta-

FIGURE 33-4. Multiple dupli
cate renal arteries (aITows) are 
identified on this longitudinal 
color Doppler image obtained 
through the left kidney. 

neously from a coronal approach through 
the left kidney. Transverse and sagittal 
sweeps of the abdominal aorta and kidneys 
are performed to identify duplicate renal 
arteries. These arteries may arise from the 
inferior aorta or iliac arteries and can be fol
lowed to the renal hilum or either pole of 
the kidney (Fig. 33-4) . 

Each renal artery should be examined 
with color flow imaging from its origin to 
the hilum of the kidney, including the main 
hilar branches (if pOSSible). Look for areas of 
high-velocity flow, indicated by color shifts 
or aliasing, as well as turbulence-related 
flow disturbances; as these may be related to 
stenosis (Fig. 33-5) .  Interrogate these areas 
with spectral Doppler analysis. If there are 
no areas of abnormal flow, obtain peak sys
tolic velocity measurements from the 
origin, proximal, mid-, and distal segments 
of each renal artery. Finally, waveforms are 
also obtained from the segmental arteries in 
the upper, mid-, and lower poles of each 
kidney. Thus, at least seven waveforms are 
captured from each side. It is important to 
obtain clean, crisp waveforms with well
defined borders for analysis (Fig. 33-6) . This 
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is accomplished by adjusting the spectral 
display so that the waveforms are large and 
easily measured. 19 This allows the examiner 
to readily determine the peak systolic veloc
ity, acceleration time or index, and the resis
tive index (RI)* and facilitates side-to-side 
waveform comparison. 

Our philosophy on renal artery duplex 
ultrasound examination is quite pragmatic. 
We limit the amount of time allotted for 
our renal Doppler studies. In our experience, 
a complete renal artery Doppler examina
tion can be performed in as little as 20 
minutes, with the examinations completed 
within 40 minutes. We never exceed 60 
minutes. Experienced examiners can assess 
a patient pretty quickly and determine if the 
study can be completed in a timely manner. 
Studies on difficult patients who cannot 
cooperate or are not " sonogenic" are aborted 
promptly, and an alternative study is rec
ommended for further evaluation. It is also 
important to recognize that atherosclerotic 
renal artery disease is far and away the most 
common etiology of significant renal artery 
stenosis, and these lesions occur at the 
origin and proximal segments of the renal 
artery. We pay close attention to these seg� 

"This parameter is not used for diagnosiS of renal artery 
stenosis, but pu]satility may be elevated in parenchy
mal renal disease and urinary tract obstruction. The RI 
may also play a role in predicting response to revascu
larization. 

FIGURE 33-5. Focal color alias
ing (arrow) represents high 
velocity flow at the site of steno
sis at the origin of the left renal 
artery (LRA). 

ments in our elderly patients who are apt to 
have atherosclerotic obstructive lesions.lO,14 
In younger adults, it is more important to 
see the entire renal artery, as these patients 
are more likely to have fibromuscular hyper
plasia, which can affect the distal renal 
artery or the segmental branches.13,2o 

The technical difficulties associated with 
renal artery examination may be eased sub
stantially by the use of ultrasound contrast 
(echo-enhancing) agents, which greatly 
increases the visibility of blood vessels. In 
addition to reducing examination time, the 
use of these agents may enhance ultrasound 
visualization of multiple renal arteries and 
hilar branches. Ultrasound contrast agents 
are already approved in the United States for 
echocardiography and should be approved 
by the Food and Drug Administration for 
abdominal Doppler studies concurrent with 
the publication of this textbook. Please see 
Chapter 4 for further details. 

VASCULAR DISORDERS 

Renal Artery Stenosis 

Stenosis, or occlusion of a main renal artery 
or an accessory renal artery, may cause renal 
ischemia, which in turn triggers the renin
angiotensin mechanism and causes hyper
tension. Renal artery stenosis can also cause 
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B 

or contribute to renal insufficiency by 
inducing renal parenchymal damage. The 
threshold level of renal artery stenosis that 
produces hypertension or ischemic damage 
is uncertain and probably varies from one 
patient to another. From a hemodynamic 
perspective, renal artery obstruction is con
sidered hemodynamically Significant (or 
flow reducing) when the lumen diameter is 
narrowed by 50% to 60%. 

It is estimated that 10% of the United 
States population has hypertension, and 3% 
to 5% of this group has renal arterial 
disease. l ,zl Although the latter percentages 

FIGURE 33-6. A, Normal Doppler waveform obtained at 
the origin of the right renal artery (RRA ORIG) demon
strates a low resistance flow pattern with a rapid systolic 
upstroke. B, Waveforms obtained from a segmental 
artery branch, at the renal hilum, demonstrate normal 
waveform shape and acceleration. 

are smale renal artery disease represents the 
most common correctable cause of hyper
tension.21 More recently, clinical interest 
has focused on the potential role of renal 
ischemia in the etiology of chronic renal 
insufficiency.z2,z3 Once again, the potential 
correctability of renal artery stenosis has 
been stressed. Few kidney diseases can be 
cured, and it is understandable that clini
cians should be keenly interested in a 
potentially curable disorder such as renal 
artery stenosis. Does this mean, however, 
that we should seek to diagnose renal artery 
disease in every patient with hypertension 
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or renal insufficiency? To do so could be 
expensive and not cost-effective.24 Further
more, intervention for renal artery disease 
may be risky (e.g., arterial occlusion or 
rupture) and is not always successful. Con
sidering these pOints, we believe that renal 
artery stenosis should be sought in the fol
lowing selected groups of patients: (1) 
young patients with severe hypertension; 
(2) patients with rapidly accelerating hyper
tension or malignant hypertension; (3) 
patients with hypertension that is difficult 
to control despite a suitable treatment 
program; (4) patients with concomitant 
hypertension and deteriorating renal func
tion; and (5) patients with renal insuffi
ciency and discrepant kidney size (inferring 
renal artery stenosis) . 1 ,21-24 

Doppler Renal Artery Evaluation 
As noted previously, color flow imaging is 
used to identify flow abnormalities that may 
be stenosis related, but spectral Doppler 
measurements provide quantitative data 
that are essential for determining the sever
ity of stenosis. 1-51 The following general 
comments about Doppler diagnosis of renal 
artery stenosis are noteworthy: 
1 .  The principal ultrasound criterion for 

renal artery stenosis is Doppler-detected 
flow velocity elevation in the stenotic 
portion of the vesseU,13,14,16,20,29,30 Flow 
velocity is increased in proportion to the 
severity of luminal narrowing; therefore, 
spectral Doppler measurements can be 
used to approximate stenosis severity. 
Narrowed areas detected with color flow 
imaging must be carefully surveyed with 
the Doppler sample volume to ensure 
that the maximum flow velocity is 
identified. 

2. Accurate assignment of the Doppler 
angle is essential for reliable meas
urement of stenosis-related velocity ele
vation, and a Doppler-to-vessel angle of 
60 degrees or less is mandatory to ensure 
that velocity information is accurate. 

3. Major stenoses are accompanied by post
stenotic flow disturbance (turbulence) . 
Although disturbed flow is a useful 
beacon for the presence of stenosis, it is 

neither quantitative nor specific. Dis
turbed flow may occur without signifi
cant stenosis. 

4. Arterial waveforms within the kidney 
(segmental or interlobar arteries) may be 
scrutinized for evidence of damping, 
which is a downstream manifestation of 
renal artery stenosis. The most important 
downstream findings are the absence of 
an early systolic peak, a prolonged sys
tolic acceleration time, or a reduced 
acceleration index.6,19,29,31-35 

Diagnostic Criteria 
Blood flow in the renal artery and its 
branches normally has a low-resistance 
pattern; systolic waveforms are broad, and 
forward flow is present throughout diastole. 
The peak systolic velocity in normal renal 
arteries ranges from 74 to 127 cm/ sec in both 
adults and children. 17,20,36,37 Numerous 
Doppler velocity criteria have been used in 
attempts to diagnose hemodynamically sig
nificant renal artery stenosis (defined gener
ally as ;:: 50% to 60% diameter reduction).* 
The most universally accepted Doppler cri
teria are (1) peak systolic velocity in the 
stenosis of 180 to 200 cm/sec or greater and 
(2) a renal/aortic ratio (RAR) exceeding 3.3 or 
3 .5 . 1-3,10-12,16,20 The latter is the ratio of peak 
systole in the stenotic portion of the renal 
artery divided by peak systole in the aorta 
at the renal artery level (Fig. 33-7) . The 
renal/aortic ratio has become our primary 
criterion for the identification of significant 
renal artery stenosis. In theory, the renal! 
aortic ratio compensates for hemodynamic 
variability between patients. Younger pa
tients tend to have higher normal peak sys
tolic velocity flow in the aorta and branch 
vessels that can exceed 180 cm/sec without 
stenosis. Elderly patients, particularly pa
tients with severe cardiac disease and poor 
cardiac output, may demonstrate lower peak 
systolic velocities, even in regions of steno
sis. Some authors have found peak systolic 
velocity measurements, used alone, to be 
more accurate than the renal/aortic ratio.3 
Doppler assessment of the renal arteries is 

*See references 1-5, 13, 15, 1 7, 19, 21,  32, 34, 35, 
38-43 
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FIGURE 33-7. A, Renal artery stenosis. Pulsed Doppler 
interrogation of the right renal artery, at the site of color 
aliasing, reveals elevated peak systolic velocities. (PSV = 

382.3 cm/sec.) B, Pulsed Doppler sampling of the aorta, 
at the level of the renal arteries, reveals a peak systolic 
velocity of 88.6 cm/sec. The renal-aortic ratio = 4.3, con
sistent with significant renal artery stenosis. C, Renal 
hilar sampling reveals characteristic damping (Utardus 
parvus") of the segmental artery waveform. Note the 
absence of the early systolic peak, rounded contour and 
prolonged systolic acceleration time. (LP, lower pole; RK, 
right kidney, SEG, segmental artery). 

also valuable following revascularization 
with angioplasty, bypass, or stent placement. 
Measurement of renal artery peak systolic 
velocity is used to assess residual or recurrent 
stenosis after therapy. There is a reduction in 
peak systolic velocity in the stenotic region 
following successful angioplasty and stent 
placement. Hilar waveforms will also return 
to normal appearance after successful treat
ment (Fig. 33-8). 

Damping of intrarenal arterial signals is 
also a valuable criterion for diagnosis of 
renal artery stenosis. Damping is defined 
numerically with the acceleration index or 
the acceleration time. Both of these meas
ures reflect the rate of systolic acceleration, 

B 

c 
which is slower than normal, downstream 
from a hemodynamically Significant steno
sis. An acceleration index less than 300 cm/ 
sec or an acceleration time exceeding 0.07 
second is considered abnormal and sug
gests a 60% or greater renal artery 
stenosis. 1,2,6, 14, 19,31,34,43 Some authors use an 
acceleration time of 0.10 or 0 .12 second as 
the cutoff for significant stenosis, which 
increases specificity. 1,2,43 

It has been suggested that the downstream 
effects of renal artery stenosis can be diag
nosed merely by visual inspection of the 
shape of the segmental or interlobar 
Doppler waveforms.19,29,43 Either the initial 
systolic peak is absent or the systolic peak is 
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c D 
FIGURE 33-8. A, Elevated velocities are detected at the origin of the left renal artery (LRA ORIG) consistent with 
significant stenosis in this patient with hypertension. B, Typical tardus waveforms (delayed upstroke and rounded 
contour) are obtained from the left upper pole segmental artery in the left kidney (LT KID UP SEG). C, Following 
renal artery stent placement, peak systolic velocities in the left renal artery (LRA) return to the normal range. (PSV 
= 52.1 cm/sec.) D, Pulsed Doppler waveforms obtained from the left rnidpole segmental artery demonstrate a return 
to normal appearance with normal upstroke (acceleration) and waveform shape. (LT KID, left kidney; MP, midpole; 
SEG, segmental artery) . 

grossly rounded in patients with severe ipsi
lateral stenosis, as illustrated in Figures 33-7 
and 33-8. However, the diagnostic accuracy 
of hilar waveform evaluation has been ques
tioned, as discussed later. 

Reported Results 
Wide ranges of sensitivity (0%-98%) and 
specificity (37%-99%) have been reported 

for direct duplex detection of renal artery 
stenosis, based on either an elevated sys
tolic velocity in the renal artery or an ab
normal renal/aortic ratio. 1 ,1 1 , lZ.14,19,30,3Z,38-41 ,44-46 
The disparate results of these studies are 
a reflection of selection bias, examiner 
experience, and statistical methods. For 
instance, several of the more successful 
studies were potentially biased because 
most or all of their patients were elderly 
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individuals who, for the most part, have 
atherosclerotic stenoses at the renal artery 
origins. Because the origins of the renal 
arteries are the portions most easily visual
ized with ultrasound, greater accuracy may 
be expected in this population than in 
younger individuals who may have more 
distal renal artery disease.1O-12,16 In addition, 
some studies included only successful 
Doppler examinations in statistical tabula
tion, whereas other studies included all 
examinations, regardless of the level of 
success or experience. 

Despite the spread of reported results, it 
appears that direct duplex examination of 
the renal arteries is reasonably effective for 
diagnosis of clinically significant renal 
artery stenosis. With experience and good 
technique, the examiner is likely to attain 
sensitivity and specificity levels for adult 
patients in the vicinity of 90% for 60% or 
greater (diameter) stenosis in the proximal 
4 cm (or so) of the mqin renal arteries. Diag
nostic accuracy for distal renal artery and 
segmental branch lesions may not be as 
good as that for more proximal stenoses, as 
discussed later. 

Duplicate Artery Problems 
In hypertensive patients, the documenta
tion or exclusion of renovascular etiology 
reqUires the assessment of the main renal 
artery, whether single or duplicate, and seg
mental arteries in the renal hilum. We use 
the term duplicate main renal arteries in refer
ence to arteries that enter the renal hilum 
and supply segmental branches. Stenoses in 
duplicated main renal arteries can clearly 
cause hypertension and possibly renal insuf
ficiency, in contrast to stenoses in small 
polar accessory arteries that are thought to 
rarely cause hypertension and are probably 
not a significant cause of renal insuffi
ciency.l,4,6-8,17 In medical literature reports, 
duplicate main renal arteries and polar acces
sory arteries are frequently called accessory 
renal arteries, which we feel is unfortunate, as 
they probably have conSiderably different 
importance from a clinical perspective. 

Angiographic studies show that 12% to 
22% of kidneys are supplied by more than 

one renal artery. Kliewer and associates5 
found that 15% of kidneys had double main 
renal arteries, and 13% had accessory arter
ies (usually at the poles of the kidney) . 
Accessory arteries usually arise from the 
aorta but may also arise from the iliac 
arteries. 

Unfortunately, the detection rate for mul
tiple renal arteries with duplex ultrasound 
(including color flow imaging) seems to be 
quite poor. Helenon and colleagues13 
reported detecting 30% of duplicate renal 
arteries with ultrasound, but they did not 
say whether these were double main renal 
arteries or polar arteries. They failed to 
detect 25% of main renal arteries, which 
apparently included some duplicate arteries. 
Melany and coworkers 15 visualized several 
duplicate main renal arteries with ultra
sound contrast enhancement but failed to 
see three polar accessory arteries. In the lit
erature reports of which we are aware, there 
is no clear indication of how reliably ultra
sound visualizes duplicate main renal arter
ies, but there is some evidence that failure 
to detect these arteries adversely affects 
ultrasound accuracy.2-5,9,11-13 In the study by 
Hansen and associates,l 1 duplex ultrasound 
sensitivity for 60% (diameter) stenosis was 
98% for single main renal arteries but only 
67% for all renal arteries, including dupli
cate vessels. 

It appears that polar accessory renal arter
ies rarely cause hypertension or significant 
ischemia; hence, one could argue that their 
visualization is unimportant. Duplicated 
main renal arteries, however, can be 
repaired, and their detection is clinically sig
nificant. The following scenario is easily 
envisioned: A normal renal artery is seen 
sonographically, but a second stenotic renal 
artery, the actual source of renal ischemia 
and hypertenSion, is overlooked. This limi
tation of sonography should be kept in 
mind, and a diligent search should be made 
for duplicate main renal arteries. 

Segmental Branch Problems 
As noted previously, atherosclerotic obstruc
tion tends to occur at or near the origin of 
the main renal arteries and is detected quite 
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easily with color flow sonography. Fibro
muscular hyperplasia, however, can occur at 
any location from the origin of the vessel to 
the hilar segmental branches and may 
involve multiple branches. Statistical details 
are limited, but our experience and others 
suggest that duplex results are poorer for 
segmental branch stenoses than they are for 
the main renal artery.5,J3,20 For instance, 
HelE�non and colleaguesI3 reported a sensi
tivity level of only 60% for hilar branch 
stenoses, and Kliewer and associates5 
reported mIssmg three branch vessel 
stenoses with duplex examination. Stenoses 
in hilar branch vessels can be repaired with 
angioplasty,47 so their detection in hyper-
tensive patients is important. For this 
reason, we advise careful assessment of 
younger hypertensive patients who might 
have fibromuscular hyperplasia, and the use 
of angiographic procedures when hilar 
branch visualization is suboptimal. 2-8,13 

Intrarenal Waveform Assessment 
An ideal survey method for renal artery 
stenosis would be accurate, quick, and easy. 
This is the appeal of indirect diagnosis of 
renal artery stenosis through the detection 
of damped Doppler waveforms in segmen
tal or interlobar arteries within the kidney. 
For an experienced sonographer, the acqUi
sition of intrarenal arterial Doppler signals 
is relatively easy, and, therefore, the exami
nation is brief and successful in most 
individuals. 

It has long been recognized that renal 
artery stenosis can cause pulsus tardus and 
parvus changes in intrarenal arterial flow 
signals.48,49 It would be very convenient to 
simply look for these flow changes in the 
kidneys and thereby diagnose renal artery 
stenosis without the arduous task of finding 
and directly evaluating the renal arteries. 
Unfortunately, the accuracy of this diag
nostic method is questionable. Several liter
ature reports (based on acceleration time, 
acceleration index, and waveform shape 
changes) were promising, with sensitivity 
ranging from 89% to 95% and specificity 
ranging from 83% to 97% for main renal 
artery stenoses exceeding 60% or 70% diam-

eter reduction.2,J9,31,34 But other literature 
reports, based on the same Doppler param
eters, indicate poor results ranging from 
moderate accuracy to complete absence of 
correlation between Doppler and angio
graphic findings.5,6, ]3,29,33,44,5o Because of 
these unfavorable results, this technique for 
diagnosis of renal artery stenosis has been 
largely abandoned as the sole diagnostic 
measure. 

The question, then, is why doesn't 
intrarenal Doppler work? To begin with, it 
appears that intrarenal waveform findings 
are more accurate for high-grade renal 
artery stenoses exceeding 70% diameter 
reduction,2,5,33 but even at high levels of 
stenosis, some patients do not have appre
ciable waveform damping. This is because 
the shape of intrarenal arterial waveforms is 
affected by multiple factors, including the 
stiffness (compliance) of the arteries, the 
resistance of the microCirculation, and 
inflow phenomena, ,such as renal artery 
stenosis.50,SI In a patient with generalized 
arterial stiffness and/or high resistance 
in the microvasculature from parenchy
mal renal disease (e.g., diabetes-related 
nephropathy), the damping effects of a 
main renal artery stenosis may be obliter
ated (Fig. 33-9) . To make matters worse, 
damped intrarenal waveforms can occa
sionally be seen in the absence of significant 
renal artery stenosis in patients with aortic 
stenosis or aortic occlusion. 

Because intrarenal Doppler waveform 
analysis has not been consistently accurate, 
we do not recommend the exclusive use 
of hilar waveform analysis for the diagnosis 
of renal artery stenosis. However, we do 
not ignore intra-arterial waveform find
ings either. We evaluate acceleration and 
waveform shape in intrarenal arteries in 
conjunction with direct renal artery 
interrogation. The detection of abnormal 
waveforms, when present, confirms the 
hemodynamic significance of a main renal 
artery stenosis. Furthermore, damped 
intra renal arterial signals may indicate 
occult stenosis or occlusion in the main 
renal artery, a duplicated renal artery, or a 
segmental artery. This is a particularly 
important finding when the direct exami
nation is technically limited. 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


CHAPTER 33 Ultrasound Assessment of Native Renal Vessels and Renal Allografts E==J 

A 

B 
FIGURE 33-9. A,Elevated velocities (P5V = 282 cm/sec) 
are identified in the left renal artery consistent with 
significant stenosis, confirmed with magnetic reso
nance angiography. B, Hilar waveforms obtained from 
the left kidney are normal in appearance. This is a false
negative finding obtained by indirect arterial sampling. 

Although the RI, as measured in intra
renal arteries, is not reliable for diagnos
ing renal artery stenosis, for reasons given 
previously, it appears to have value in pre
dicting the outcome of renal revasculari-

zation. Radermacher and colleagues52 found 
that a renal RI greater than 0.8 reliably 
identifies patients with renal artery stenosis 
that are not likely to respond to revas
cularization. In their series of 5950 patients 
with hypertension, an RI greater than 0.8 
before therapy was a strong predictor of 
worsening renal function and a lack of 
improvement in blood pressure, despite 
correction of renal artery stenosis. Eleva-
tion of the RI results from accentuated 
microvasculature resistance, which in 
turn indicates the presence of generalized 
renal parenchymal disease, as discussed 
later. 

Doppler Waveform 
Abnormalities in Nonvascular 
Renal Disease 

Flow resistance within the renal paren
chyma may be increased by a variety of 
pathologic processes, including urinary 
tract obstruction and a host of acute and 
chronic parenchymal disorders, including 
renal vein obstruction, glomerulosclerosis, 
acute tubular necrosis, and pyelonephri
tis.53,54 All of these conditions are asso
ciated with increased flow resistance in 
the microvasculature of the kidney, which 
causes the Doppler waveforms to exhibit 
increased pulsatility. This may be evident 
on visual inspection of waveforms or 
through pulsatility measures such as the 
pulsatility index or RI. In normal kidneys, 
a large amount of diastolic blood flow 
is evident on visual inspection of the 
intra renal Doppler signals, and the RI in 
segmental or intralobar arteries does not 
exceed 0.7. 

An increase in vascular resistance (and 
pulsatility) in renal pathology is an inter
esting finding, but it is of limited diagnos
tic value because it is multifactorial in 
origin. Increased pulsatility is of greatest 
diagnostic value when it is seen unilaterally, 
for in such cases, it implies an acute process 
such as urinary tract obstruction or renal 
vein obstruction on the side with high pul
satility. High pulsatility may be apparent 
before significant urinary tract dilation 
occurs.53,54 
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Renal Artery Occlusion 

Renal artery occlusion is diagnosed on 
the basis of the following findings: (1) 
absence of a visible main renal artery; (2) 
markedly reduced kidney size (smaller than 
9 cm in length); and (3) either absence of 
detectable intrarenal blood flow or very
low-amplitude, · damped intra renal flow 
signals. 1,3, 10,16 

Diagnostic accuracy for renal artery occlu
sion is predicated on reasonable color flow 
and spectral Doppler sensitivity at the level 
of the renal artery or kidney. That is, flow 
should be readily detected in other vessels 
at a similar depth or in the contralateral 
kidney before it is concluded that a renal 
artery is occluded. Although relatively few 
data exist in the medical literature, it 
appears that duplex diagnosis of renal artery 
occlusion is reasonably accurate. Thirty
eight of 41 occluded arteries were correctly 
diagnosed in three published series, for an 
overall accuracy rate of 93%.3,10,16 

False-positive diagnosis of renal artery 
occlusion can occur when visualization of 
the main renal artery is poor or the kidney 
is small for reasons other than arterial occlu
sion. False-negative results are caused by 
collateralization, which may occur via cap
sular or adrenal branches, and duplicate 
renal arteries. In the collateralized kidney, 
flow signals may well be present in the 
kidney parenchyma or in the renal hilum 
despite renal artery occlusion. Doppler 
waveforms may even be normal in the 
kidney in some cases, although tardus 
parvus waveforms are typically seen. 

Renal Vein Thrombosis 

Renal vein thrombosis appears to be an 
underdiagnosed vascular disease because of 
the nonspecificity of clinical and radi
ographic findings. 55-57 Acute renal vein 
thrombosis usually presents with pain and 
hematuria, and it may occasionally cause 
thromboembolic complications, such as 
pulmonary embolism. Chronic renal vein 
thrombosis may be asymptomatic or may 
present with the nephrotic syndrome, 
hematuria, or renal failure. 

The renal vein may be blocked by intra
luminal tumor or thrombus formation or by 
extrinsic compression (possibly accompa
nied by secondary venous thrombosis). 
Associated or predisposing conditions in
clude preexisting renal disease, renal cell 
carcinoma, hypercoagulable state, vena 
caval or ovarian vein thrombus (with exten
sion to the renal veins), abdominal surgery, 
trauma, and dehydration. Primary renal 
disease is the most common predisposing 
factor, particularly the nephrotic syndrome 
and membranous glomerulonephritis. 57 
Extrinsic retroperitoneal causes of renal 
vein thrombosis include acute pancreatitis, 
lymph node enlargement from a host of 
tumors, and retroperitoneal fibrosis. These 
conditions generally cause extrinsic com
pression of the vascular pedicle, predispos
ing to thrombosis. 55 

Renal vein thrombosis typically induces 
ischemic parenchymal damage in the 
kidney and acute renal failure. 55-57 The long
term effects of renal vein thrombosis are 
varied. The potential exists for recanaliza
tion of the renal vein or the development 
of venous collaterals, and, in some cases, 
the kidney returns to a normal sonographic 
appearance. If the kidney is severely dam
aged, however, chronic changes become 
evident, including diminished kidney size 
and increased echogenicity (secondary to 
fibrosis) . 

The most easily detected ultrasound find
ings in acute renal vein occlusion58-65 are 
kidney enlargement and altered parenchy
mal echogenicity, both of which are caused 
by parenchymal edema and in some cases 
by hemorrhage. Changes in echogenicity 
may include the following: (1)  hypoechoic 
cortex with decreased corticomedullary dif
ferentiation, (2) hyperechoic cortex with 
preservation of corticomedullary differenti
ation, and (3) mottled heterogeneity accom
panied by the loss of normal intrarenal 
architecture. In some cases, echogenic linear 
streaks of unknown origin course through 
the renal parenchyma. These streaks are 
thought to be pathognomonic for renal 
vein thrombosis.6o,61 

Kidney enlargement and altered paren
chymal echogenicity are nonspecific find
ings, and the conclusive diagnosis of renal 
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vein thrombosis depends on the direct iden
tification of thrombus in the renal vein. 
With acute thrombosis, the renal vein is 
invariably enlarged, and Doppler signals are 
absent. A small trickle of flow may be 
present around the clot, and this may 
produce low-velocity, continuous Doppler 
signals (lacking respirophasic variation) . 
Recently formed thrombus is hypoechoic 
and in some cases appears anechoic. As a 
result, the thrombus may not be readily 
seen with gray-scale sonography and is 
detectable only with color flow imaging 
(Fig. 33-10). Two additional pitfalls are 
noteworthy. First, venous flow may be 
present within the kidney itself, even 
though the renal vein is occluded, because 
large hilar collaterals may develop quickly. 
Second, very sluggish renal vein flow (as a 
result of more proximal obstruction or con
gestion) may mimic thrombosis, because 
the Doppler signal may be difficult to detect 
at very slow flow rates. 

Renal Vein Tumor Extension 

Tumor extension into the renal vein is most 
commonly associated with renal cell carci
noma, although renal lymphoma, transi
tional cell carcinoma, and Wilms' tumor 
can also propagate along the renal veins. 
Venous invasion is common in renal cell 
carCinoma, with gross involvement of the 
main renal vein occurring in 21 % to 35% of 
patients with large tumors and inferior vena 
cava tumor extension in 5% to 10% of 
patients.64,65 Vena caval invasion is approx
imately three times more common in right
sided tumors than those on the left because 
of the shorter length of the right renal 
vein.64,65 Preoperative diagnosis of venous 
tumor extension significantly influences 
surgical therapy. If no tumor is present, 
routine ligation of the renal vein may be 
performed through a flank inCision, but if 
the renal vein is occluded by tumor . and if 
the tumor extends into the IVC, a midline 
incision often is used, which may be 
extended cephalad to create a sternotomy if 
necessary.65 

Contrast-enhanced computed tomogra
phy is the preferred,method of investigation 

for intravenous tumor extension, supple
mented when necessary with magnetiC res
onance imaging or sonography. The latter 
modality has cost and convenience advan
tages over magnetic resonance imaging and 
can often answer directed questions, such as 
the superior extent of the tumor within the 
IVe. Duplex sonography is not as accurate 
as computed tomography or magnetiC reso
nance imaging for de novo detection of 
tumor extension into the renal vein, partic
ularly on the left side where the vein is fre
quently obscured by bowel gas.66-72 If the 
renal vein and IVC are well visualized, 
sonographic accuracy is high (96% sensitiv
ity, 100% specificity), but renal vein visual
ization is inadequate in 34% to 54% of 
patients, and the IVC is inadequately seen 
in 4% to 21 % of cases.67,70 Thus, the overall 
sensitivity of ultrasound for venous tumor 
extension may be as low as 1 8% for the 
renal veins and 33% for the IVe.58 

As seen with ultrasound, renal vein 
tumor53,54,68-72 is typically homogeneous and 
is low or intermediate in echogenicity. The 
tumor-containing renal vein is almost 
always distended to a distinctly abnormal 
size, and even the IVC may be distended 
when a tumor is present. Differentiation 
between intravenous tumor and thrombus 
is accomplished through color flow detec
tion of small blood vessels within the 
tumor. 

RENAL ALLOGRAFTS 

The term allograft refers to any tissue transc 
planted from one human to another. The 
proper term for the transplanted kidney, 
therefore, is renal allograft. The allograft may 
be harvested (removed) from a living, 

. related donor or from a brain-dead donor. 
The term cadaveric renal allograft is used in 
the latter circumstance, even though the 
donor's heart continues to function at the 
time the kidney is removed. 

The renal allograft is almost always placed 
in the right or left iliac fossa of the reCipi
ent. Usually, the allograft is extraperitoneal 
(between the peritoneum and the iliacus 
muscle). In a child, the allograft may be 
placed intraperitoneally if it is too large for 
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FIGURE 33-1 0. A, Hypoechoic 
thrombus (arrows) is identified 
in the main right renal vein. 
Color flow improves detection 
of the thrombus by demon
strating a filling defect in the 
vein lumen. B, Thrombus (black 
arrows) extends into the inferior 
vena cava from the right renal 
vein. 
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extraperitoneal transplantation. The allo
graft ureter is passed through an oblique 
tunnel in the muscular layer of the bladder, 
forming a nonrefluxing ureterovesical junc
tion. The allograft artery is attached in one 
of three ways73: (1) The end of the allograft 
artery is attached to the side of the external 
iliac artery (end to side); (2) the end of the 
allograft artery is attached to the end of an 
internal iliac branch (end to end); or (3) for 
duplicated renal arteries or for a small renal 
artery from a child, a patch of the donor 
aorta containing the arterial orifice (Carrell's 
patch) is attached to an opening made in 
the 'external iliac artery. The renal vein anas
tomosis, in almost all cases, is end to Side, 
with the cut end of the allograft vein 
attached to the side of the external iliac 
vein. 

The native kidneys of the allograft recip
ient are usually left in place, but they are 
occasionally removed for a variety of 
reasons, including chronic or recurrent 
infection. Native kidneys are subject to the 
development of cysts and neoplasms in 
long-term dialysis patients, but these lesions 
do not result from renal transplantation 
per se. 

Renal allografts are subject to a variety of 
complications including acute tubular 
necrosis (in the early postoperative period), 
acute rejection, chronic rejection, infection, 
ureteral obstruction, ureteral reflex, vas
cular obstruction, and extrarenal fluid 
collections.73-129 

Technical Considerations 

Renal allografts are usually quite superficial 
in location, which necessitates the use of 
high-frequency linear array or curved array 
transducers. These transducers provide a 
broad field of view and good near-field 
image quality. From an ultrasound perspec
tive, a transplanted kidney looks like a 
native kidney, with several minor excep
tions.48,49 First, anatomic detail is often 
clearer than in native kidneys because of the 
superficial location of the allograft. Second, 
the cortex may appear more echogenic than 
that of a normotopic kidney because of the 
lack of ultrasound attenuation by overlying 

structures. Third, the allograft usually 
enlarges over a period of several months fol
lowing transplantation, and such enlarge
ment should not be mistakenly attributed 
to rejection. In adults, the volume of the 
allograft typically increases up to 30%,49,81 
but this increase may be as great as 200% if 
a kidney from a young (and relatively small) 
donor is transplanted into a much larger 
recipient.85 Finally, slight dilation of the 
allograft collecting system is a common 
finding, particularly in the postoperative 
period. In most instances, such dilation is 
not of urodynamic importance. 

The sonographic diagnosis of allograft 
pathology is aided by a baseline scan con
ducted within the first 2 days after surgery. 
This scan represents an important standard 
against which later changes may be com
pared. Typically, a second scan is obtained 
at 1 to 2 weeks after transplantation, and a 
third scan is obtained at about 3 months. 

Allograft Rejection and Acute 
Tubular Necrosis 

Renal allograft rejection may produce a host 
of sonographic abnormalities, as listed in 
Table 33-1 .  73,75-91 The most common and 
important manifestations of allograft rejec
tion are (1) increased size of the graft (best 
appreciated through volume measure
ments), (2) increased cortical echogenicity, 
and (3) increased size or conspicuity of 
the renal pyramids. 79,84,88,91 Additional 

Table 33-1 . Sonographic Manifestations 
of Renal Allograft Rejection 

Increased allograft size (volume) 
Increased cortical echogenicity (cellular 

infiltration) 
Increased prominence of the renal pyramids* 
Focal cortical hypoechoic regions (edema, 

necrosis) 
Decreased echogenicity of the renal sinus 

(edema) 
Increased flow resistance in parenchymal 

arteries 

*Due to increased pyramid size and increased 
contrast between the hypoechoic pyramids and 
the echo genic cortex. 
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important features of acute rejection are 
peripheral hypoechoic zones and dimin
ished sinus echogenicity, but these are seen 
only in cases of severe rejection.75,77,79,82,84,91 

Doppler waveform abnormalities that 
indicate high peripheral arterial resistance 
(see Fig. 33-1 1) also occur in renal trans
plant rejection. These flow abnormalities 
are evident in the segmental, interlobar, or 
arcuate arteries of the allograft, in both 
acute and chronic rejection.92-1 12 As sum
marized in Table 33-2, the waveform 
changes associated with rejection include 
(1) absence of flow throughout diastole, (2) 
flow reversal in diastole, (3) a resistivity 
index* that equals or exceeds 0.7, and (4) a 
pulsatility indext that equals or exceeds 
1 .8.92-94,96-99,102-109 (Specificity for rejection is 
increased by using a resistivity index of 0.9 
or greater.) 

In contrast to allograft rejection, postsur
gical acute tubular necrosis, resulting from 
ischemia, does not generally alter the B
mode appearance of the renal allografts or 
the Doppler flow characteristics. However, 
increased cortical echogenicity and in
creased arterial pulsatility result from severe 
post-transplant acute tubular necrosis. 

·The RI is the peak systolic velocity minus the end
diastolic velocity, divided by the peak systolic velOCity. 
tThe pulsatility index is the peak systolic velocity 
minus the lowest diastole velocity (including reversed 
flow), divided by the mean velocity. 

FIGURE 33-1 1 .  Abnormal high
resistance waveforms obtained 
from the midpole segmental 
artery (SEG MP) in this patient 
with renal transplant rejection. 
Note the absence of diastolic 
flow. 

Accuracy for Rejection and Acute 
Tubular Necrosis 
Initially, it was hoped that sonography 
could be used to diagnose renal allograft 
rejection noninvasively and to differentiate 
between rejection and acute tubular necro
sis in the postoperative period. 75-77,79,80,92,95,96 
These hopes have faded with time, for expe
rience has shown that sonography is neither 
sensitive nor specific for allograft rejec
tion.74,83,86-91 ,93,96-106,1 l0,128 To optimize speci-
ficity (to avoid false-positive diagnosis), 
rejection should not be diagnosed sonographi
cally unless several rejection-related abnormal
ities are present. 81,83,84,88,91 Unfortunately, this 
requirement reduces the sensitivity for 
rejection to 70% or less. To make matters 
worse, sonographic changes seen with 
cyclosporine toxicity mimic those seen 
with rejection.87,97,101,1 12 (Cyclosporine is 

Table 33-2. Doppler Features of Allograft 
Rejection 

High-reSistance waveform appearance 
Sharp, narrow systolic peaks 
Second systolic peak higher than first 
Minimal or absent diastolic flow 
Flow reversal early in diastole 

Pulsatility index ;::1 .8 
Resistivity index ;::().7  

------------------� 
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a commonly used immunosuppressant 
drug.) 

In our opinion, ultrasound findings are 
most useful in cases of severe acute rejection. 
In such instances, the kidney is grossly 
enlarged, the pyramids are prominent, the 
renal sinus fat is hypoechoic, arterial flow 
resistance is elevated, and hypoechoic areas 
may be present in the renal cortex. Ultra
sound findings may not be very helpful 
when rejection is mild or moderate in sever
ity. Although sonography may play a 
limited role for the evaluation of renal 
transplant rejection, it is particularly useful 
for the detection of other complications
particularly hydronephrosis and fluid col
lections. 

Allograft Hydronephrosis 

As noted previously, mild allograft hydro
nephrosis may occur normally during the 
first or second week after renal transplanta
tion and probably results from postopera
tive edema at the insertion site of the ureter 
into the bladder. In some cases, mild hydro
nephrosis persists indefinitely, for no appar
ent reason. This finding is insignificant as 
long as urine output is good, renal function 
is satisfactory, and the degree of dilation 
remains constant or regresses. The urody
namic significance of hydronephrosis may 
be evaluated with the Whitaker test, 101 
scintigraphy, or pyelography in patients 
with abnormal renal function. 

Moderate or severe hydronephrosis is a 
more disturbing finding, particularly if the 
degree of hydronephrosis increases over 
time. Functionally significant hydronephro
sis in the immediate postoperative period 
usually results from edema at the uretero
vesical junction or surgical complications. 
Hydronephrosis appearing later is generally 
due to one of the following problems: 
(1) scarring at the ureterovesical junction, 
(2) obstructing debris (blood clots or fungal 
mycelia) within the ureter, (3) ureteral 
compression by extrinsic fluid collections, 
(4) bladder-emptying disorders, and (5) 
vesicoureteral reflux. Sonographic findings 
cannot differentiate among many of these 
causes. 

Perigraft Fluid 

Fluid collections are quite common after 
renal transplantation.l14-1 17 In the immedi
ate postoperative period, a small volume of 
serous fluid (seroma) commonly accumu
lates adjacent to the allograft or in the oper
ative wound, and this fluid should not be 
viewed with alarm as long as it does not 
increase in volume over time. Moderate to 
large collections are generally pathologic, 
regardless of when they appear, and these 
usually require further investigation with 
percutaneous aspiration or other means. 
The differential possibilities for perigraft 
fluid collections include serous fluid (ser
oma), blood (hematoma), pus (abscess), 
urine (urinoma), and lymph (lymphocele) . 
Ultrasound does not accurately differentiate 
among these collections in all cases, but an 
educated guess can be made by considering 
four factors: the time of appearance, symp
toms, the location, and the sonographic 
appearance. These aspects of allograft
related fluid collections are outlined in 
Table 33-3. 

Vascular Complications 

The role of sonography in renal trans
plantation that is most germane to this text 
concerns the diagnosis of vascular prob
lemsYS,1l8-129 We believe that color flow 
examination should be a routine compo
nent of renal allograft sonography, because 
such examination is relatively easy and 
yields valuable information. It is pOSSible, in 
many cases, to trace the allograft vessels in 
their entirety, from the iliac anastomoses to 
the kidney, 128 and this should be the goal of 
the vascular examination, in addition to the 
assessment of arterial pulsatility, as dis
cussed previously. 

Vascular complications of renal allografts 
fall into four broad categories: arterial 
stenosis, vascular occlusion, arteriovenous 
fistula, and pseudoaneurysm. 

Arterial Stenosis 

The most common vascular complication 
of renal transplantation (about 10% of 
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Table 33-3. Diagnostic Features of Perigraft Fluid Collections 

Collection Clinical Featnres Sonographic Features 

Seroma and Asymptomatic; immediate postoperative Anechoic or mixed echogenicity; adjacent 
to kidney or in wound; irregular shape; 
regresses in days or weeks 

hematoma period 

Abscess Fever, leukocytosis, pain; may be 
relatively asymptomatic because of 
immunosuppression; often 
postoperative but may be later (weeks 
to months) 

May be perinephric, in the parenchyma, 
or in the wound; usually well defined; 
contents anechoic to echogenic 

Urinoma Pain, decreased renal output, fever; 
virtually always in immediate 
postoperative period 

Lymphocele Asymptomatic or pain; may obstruct 

Anechoic, often large, sometimes 
loculated; location variable; resembles 
Iymphocele but too early; scintigraphy 
is diagnostic 

ureter by extrinsic compression; 
typically 1-2 mo or later after surgery, 
rarely earlier; attributed to interrupted 
allograft lymphatics 

Classically multilocular with thin septae 
and anechoic fluid; may be unilocular; 
classically located medially between the 
allograft lower pole and the bladder 

transplant patients) is arterial stenosis. 1 l9 
Typically, stenosis occurs within 3 years of 
transplantation and is heralded by hyper
tension.* Short-segment stenosis at the allo
graft artery origin that occurs early after 
transplantation is almost always a surgical 
complication. On occasion, however, such a 
stenosis results from allograft artery rejec
tion. Long-segment, distal stenosis of the 
allograft artery is a later complication that 
usually results from intimal hyperplasia or 
scarring but may also result from rejection. 
In some cases, multiple distal stenoses are 
present. Stenosis of the recipient iliac artery 
is uncommon and almost invariably results 
from surgical injury. 

The Doppler hallmark of renal artery 
stenosis is increased flow velocity in the 
stenotic segment, coupled with poststenotic 
disturbed flow (Fig. 33-12) .  Arterial wave
forms may be damped distal to very severe 
stenoses, but distal waveforms alone can
not be relied on to diagnose or exclude 
renal artery stenosis. 128 The quantification 
of allograft stenosis has not been worked 
out in any detail, but a few diagnostic 
parameters are available, as listed in Table 
33_4.118-123,128 

*In approximately 80% of cases, post-transplantation 
hypertension is caused by conditions other than renal 
artery stenosis.62 

Vascular Occlusion 
Occlusion (thrombosis) of the allograft 
renal artery is an unusual complication 
(<1% of renal transplants)1 19 that typically 
occurs acutely in the postoperative period 
and is related to either rejection or techni
cal factors. Arterial occlusion is readily 
detected with color flow and Doppler ultra
sound, because arterial and venous flow is 
absent in the allograft. 1 19,120 

Occlusion (thrombosis) of the allograft 
vein is also a rare complication (<1% of 
cases) that occurs primarily in the imme
diate post-transplant period.107 The kidney 

Table 33-4. Diagnostic Criteria of 
Allograft Renal Arteries 

Normal flow parameters 
1 .  Velocity: 80-1 18 cm/sec 
2, Volume flow: 346-422 mL/min 

Parameters for stenosis exceeding 50% or 60<*) 
decrease in diameter 
1 .  Systolic velocity > 1 90 cm/sec (+ post-

stenotic disturbed flow) 
2. Systolic velocity � 250 cm/sec, highly 
specific 
3. Systolic velocity ratio* > 3 (+ post-stenotic 

disturbed flow) 

*Ratio of stenotic zone peak systolic velocity to 
external il iac artery peak systolic velocity. 
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B 
FIGURE 33-1 2. A, Color Doppler reveals focal aliasing 
(mTow) at the origin of the transplant renal artery, con
sistent with elevated velocities at the renal artery anas
tomosis with the external iliac artery. B, Pulsed Doppler 
interrogation of the transplant renal artery reveals a 
PSV = 500 em/sec consistent with severe stenosis at the 
arterial anastomosis (TX RA ANAST) . 

is enlarged because of congestion, and the 
renal parenchyma typically has a non
homogeneous appearance. Flow is absent 
in the renal vein, which may be visibly 
distended with thrombus. A characteris
tic feature of renal vein thrombosis is a 
peculiar renal artery waveform pattern 

consisting of sustained flow reversal in 
diastole.1 19,124 

Arteriovenous Fistula 
Fistula formation between an artery and a 
vein may occur within the renal allograft as 
a result of biopsy trauma.119,125,126 Many such 
parenchymal fistulae ·are asymptomatic, but 
others are associated with sustained hyper
tension. Color flow sonography readily 
detects arteriovenous fistulae, because 
markedly disturbed flow within the fistula 
stands out like a beacon within the renal 
parenchyma. Additional findings are high
velocity flow in the artery that feeds the 
fistula, and a color flash artifact, called a 
color bruit, in the parenchyma adjacent to 
the fistula. 

Pseudoaneurysm 
Most pseudoaneurysms in renal allografts 
occur within the renal parenchyma and 
result from arterial laceration during renal 
biopsy.119,126 These false aneurysms are rep
resented on gray-scale images as well
defined, focal anechoic areas that are 
indistinguishable from renal cysts. Color 
flow sonography shows blood flow in the 
pseudoaneurysm, confirming the diagnOSis. 
In some cases, a characteristic high-velocity 
jet or to-and-fro flow pattern is visible in the 
aneurysm neck. Pseudoaneurysms may also 
occur at the renal artery-iliac artery anasto
mosis, but these are uncommon.1 l9 

Acknowledgments. We would like to 
thank Saiedeh "Nanaz" Maghoul for her 
expertise and enthusiasm and James Cooper, 
MD, for his wonderful illustrations. 

References 

1. Dawson DL: Noninvasive assessment of renal 
artery stenosis. Semin Vase Surg 9 : 1 72-181,  
1 996. 

2. Baxter GM, Aitchison F, Sheppard D, et al: 
Colour Doppler ultrasound in renal artery 
stenosis: Intrarenal waveform analysis . Br J 
Radiol 69:810-815 ,  1996. 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


SECTION V Abdomen and Pelvis 

3.  Miralles M, Cairols M, Cotillas ], et al: Value 
of Doppler parameters in the diagnosis of 
renal artery stenosis. ] Vasc Surg 23:428-435, 
1996. 

4. Berland LL, Koslin DB, Routh WD, Keller FS: 
Renal artery stenosis: Prospective evaluation 
of diagnosis with color duplex US compared 
with angiography: Work in progress. Radiol
ogy 1 74:421-423, 1 990. 

5.  Kliewer MA, Tupler RH, Hertzberg BS, et al: 
Doppler evaluation of renal artery stenosis: 
Interobserver agreement in the interpretation 
of waveform morphology. Am ] Roentgenol 
1 62: 1 3 71-13 76, 1 994. 

6. Kliewer MA, Hertzberg BS, Keogan MT, et al: 
Early systole in the healthy kidney: Variability 
of Doppler US waveform parameters. Radiol
ogy 205 : 1 09-1 13, 1997.  

7. Bakker], Beek FJA, Beutler ]], et al :  Renal artery 
stenosis and accessory renal arteries: Accuracy 
of detection and visualization with gadolin
ium-enhanced breath-hold MR angiography. 
Radiology 207:487-504, 1 998. 

8. De Cobelli F, Vanzulli A, Sironi S, et al: Renal 
artery stenosis: Evaluation with breath
hold, three-dimensional, dynamic, gadolin
ium-enhanced versus three-dimensional, 
phase-contrast MR angiography. Radiology 
205:689-695, 1997.  

9. Strotzer M, Felloner CM, Geissler A, et al :  Non
invasive assessment of renal artery stenosis: A 
comparison of MR angiography, color Doppler 
sonography, and intraarterial angiography. 
Acta Radiol 36:243-247, 1995.  

10. Hoffmann U, Edwards ]M, Carter S, et al :  Role 
of duplex scanning for the detection of ather
osclerotic renal artery disease. Kidney Int 
39:1 232-1239, 1991 .  

11 .  Hansen K], Tribble RW, Reavis S ,  et a l :  Renal 
duplex sonography: Evaluation of clinical 
utility. ] Vasc Surg 12:227-236, 1 990. 

12. Kohler TR, Zierler RE, Martin RL, et al: Non
invasive diagnosis of renal artery stenosis 
by ultrasonic duplex scanning. ] Vasc Surg 
4:450-456, 1986. 

13. Helenon 0, Rody FE, Correas ]M, et al: Color 
Doppler US of renovascular disease in native 
kidneys. Radiographics 1 5 :833-854, 1 995.  

14.  Middleton WD: Doppler US evaluation of 
renal artery stenosis: Past, present, and future. 
Radiology 1 84:307-308, 1992. 

15. Melany ML, Grant EG, Duerinckx A], et al: 
Ability of a phase shift US contrast agent to 
improve imaging of the main renal arteries. 
Radiology 205: 147-152, 1997. 

16. Olin ]W, Piedmonte MR, Young ]R, et al :  The 
utility of duplex ultrasound scanning of the 
renal arteries for diagnosing significant renal 
artery stenosis. Ann Intern Med 1 22:833-838, 
1 995. 

17. Strandness DE ]r:  Duplex scanning in diagno
sis of renovascular hypertension. Surg Clin 
North Am 70: 109-1 1 7, 1990. 

18.  Isikoff MB, Hill MC: Sonography of the 
renal arteries: Left lateral decubitus posi
tion. Am ] Roentgenol 134: 1 1 77-11 79, 
1 980. 

19.  Stavros AT, Parker SH, Yakes WF, et al: Seg
mental stenosis of the renal artery: Pattern 
recognition of tardus and parvus abnormali
ties with duplex sonography. Radiology 
184:487-492, 1 992. 

20. Bmn P, Kchouk H, Mouchet B, et al: Value of 
Doppler ultrasound for the diagnosis of renal 
artery stenosis in children. Pediatr Nephrol 
1 1 :27-30, 1997. 

21.  Aristizabal D, Frohlich ED: Hypertension due 
to renal arterial disease. Heart Dis Stroke 
1 :227-234, 1992. 

22. Wilcox CS: Ischemic nephropathy: Non
invasive testing. Semin Nephrol 16:43-52, 
1 996. 

23. Meyrier A: Renal vascular lesions in the 
elderly: Nephrosclerosis or atheromatous renal 
disease? Nephrol Dial Transplant 1 1  (suppl 
9):45-52, 1 996. 

24. Blaufox MD, Middleton ML, Bongiovanni ], 
et al: Cost efficacy of the diagnosiS and 
therapy of renovascular hypertension. ] Nucl 
Med 3 7 : 1 71-1 77, 1996. 

25. Silverman ]M, Friedman ML, Van Allan R]: 
Detection of main renal artery stenosis using 
phase-contrast cine MR angiography. Am ] 
RoentgenoI 1 66: 1 1 3 1- 1 1 3 7, 1 996. 

26. Rubin GD, Walker P], Dake MD, et al: Three
dimensional spiral computed tomographiC 
angiography: An alternative imaging modality 
for the abdominal aorta and its branches. ] 
Vasc Surg 18:656-665, 1 993.  

27. Loubeyre P, Revel D, Garcia P, et al :  Screen
ing patients for renal artery stenosis: Value of 
three-dimensional time-of-flight MR angiO
graphy. Am J Roentgenol 1 62:847-852, 
1 994. 

28. Nally JY, Black HR: State-of-the-art review: Cap
topri! renography-pathophysiological consid
erations and clinical observations. Semin Nucl 
Med 22:85-97, 1992. 

29. Postma CT, Bijlstra P], Rosenbusch G, Thien T: 
Pattern recognition of loss of early systolic 
peak by Doppler ultrasound has a low sensi
tivity for the detection of renal artery steno
sis. ] Hum Hypertens 10 :1 81-184, 1 996. 

30. Pederson EB, Egeblad M, Jorgensen ], et al: 
Diagnosing renal artery stenosis: A compari
son between conventional renography, capto
pril renography and ultrasound Doppler in 
a large consecutive series of patients with 
arterial hypertenSion. Blood Press 5:342-348, 
1 996. 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


CHAPTER 33 Ultrasound Assessment of Native Renal Vessels and Renal Allografts 

3 1 .  Nazzal MM, Hoballah ]J, Miller EV, et al: Renal 
hilar Doppler analysis is of value in the man
agement of patients with renovascular disease. 
Am J Surg 1 74:164-168, 1997.  

32. Handa N, Fukanaga R, Ogawa S, et al :  A new 
accurate and non-invasive screening method 
for renovascular hypertension: The renal 
artery Doppler technique. J Hypertens (Suppl) 
6:458-460, 1 988. 

33. Kliewer MA, Tupler RH, Carroll BA, et al: Renal 
artery stenosis: Analysis of Doppler waveform 
parameters and tardus-parvus pattern. Radiol
ogy 189:779-787, 1993. 

34. Patriquin HB, LaFortune M, Jequier J-C, et al: 
Stenosis of the renal artery: Assessment of 
slowed systole in the downstream circulation 
with Doppler sonography. Radiology 1 84:4 70-
485, 1 992. 

35. LaFortune M, Patriquin HB, Demeule E, et al: 
Renal arterial stenosis: Slowed systole in the 
downstream circulation-experimental study 
in dogs. Radiology 184:475-478, 1 992. 

36. Stanley JC: Renal vascular disease and reno
vascular hypertension in children. Urol Clin 
North Am 1 1 :45 1-463, 1 984. 

37. Strandness DE Jr: Duplex Scanning in 
Vascular Disorders. New York, Lippincott
Raven, 1990, p 240. 

38. Greene ER, Venters MD, Avasthi PS, et al: Non
invasive characterization of renal artery blood 
flow. Kidney Int 20:523-529, 1981 .  

39. Taylor DC, Kettler MD, Moneta GL, et  al: 
Duplex ultrasound scanning in the diagnosis 
of renal artery stenosis: A prospective evalua
tion. J Vasc Surg 7:363-369, 1 988. 

40. Avasthi PS, Voyles WF, Greene ER: Noninva
sive diagnosis of renal artery stenosis by echo
Doppler velocimetry. Kidney Int 25:824-829, 
1 984. 

4 1 .  Dubbins PA: Renal artery stenosis: Duplex 
Doppler evaluation. Br J Radiol 59:225-229, 
1986. 

42. Reid JH, Mackay S, Lantz BMT: Noninvasive 
blood flow measurements by Doppler ultra
sound with applications to renal artery flow 
determination. Invest Radiol 15 :323-331,  
1980. 

43. Isaacson JA, Neumyer MM: Direct and indirect 
renal arterial duplex and Doppler color flow 
evaluations. J Vasc Technol 1 9:309-3 16, 
1 995. 

44. Isaacson JA, Zierler RE, Spittell PC, Strandness 
DE: Noninvasive screening for renal artery 
stenosis: Comparison of renal artery and renal 
hilar duplex scanning. J Vasc Technol 
19 :105-1 10, 1995. 

45. Norris CS, Pfeiffer JS, Rittgers SE, Barnes RW: 
Noninvasive evaluation of renal artery steno
sis and renovascular resistance. J Vasc Surg 
1 : 192-201, 1 984. 

46. Rittgers SE, Norris CS, Barnes RW: Detection of 
renal artery stenosis: Experimental and clini
cal analysis of velocity waveforms. Ultrasound 
Med BioI 1 1 :523-531 ,  1 985. 

47.  Fujitani RM, Murray SP: Surgical methods 
for renal revascularization. Semin Vasc Surg 

, 9: 1 98-2 1 7, 1 996. 
48. Handa N, Fukunaga R, Etani H, et al: Efficacy 

of echO-Doppler examination for the evalua
tion of renovascular disease. Ultrasound Med 
BioI 14: 1-5, 1 988. 

49. Nichols BT, Rittgers SE, Norris CS, Barnes RW: 
Non-invasive detection of renal artery steno
sis. Bruit 8:26-29, 1 984. 

SO. van der Hulst VPM, van Baalen J, Kool LS, et 
al: Renal artery stenosis: Endovascular flow 
wire study for validation of Doppler US. Radi
ology 100: 165-168, 1 996. 

5 1 .  Bude RO, Rubin JM, Platt JF, et al: Pulsus 
tardus: Its cause and potential limitations in 
detection of arterial stenosis. Radiology 1 90: 
779-784, 1994. 

52. Radermacher J, Chavan A, Bleck J, et al: Use of 
Doppler ultrasonography to predict the 
outcome of therapy for renal artery stenosis. 
N Engl J Med 344:4 10-4 1 7, 2001 .  

53. Platt JF, Rubin JM, Ellis JH, DiPietro MA: 
Duplex Doppler US of the kidney: Differenti
ation of obstructive from nonobstructive 
dilatation. Radiology 1 7 1 : 5 1 5-5 1 7, 1 989. 

54. Platt JF, Ellis JH, Rubin JM, et al: Intrarenal 
arterial Doppler sonography in patients with 
nonobstructive renal disease: Correlation of 
resistive index with biopsy findings. Am J 
Roentgenol 154:1223-1227, 1 990. 

55. Keating MA, Althausen AF: The clinical spec
trum of renal vein thrombosis. J Urol 
133 :938-945, 1 985. 

56. Clark RA, Wyatt GM, Colley D: Renal vein 
thrombosis: An underdiagnosed complication 
of multiple renal abnormalities. Radiology 
1 32:43-50, 1979.  

57.  Llach F, Papper S,  Massry SG: The clinical spec
trum of renal vein thrombosis: Acute and 
chronic. Am J Med 69:819-827, 1 980. 

58. Rosenberg ER, Traught WS, Kirks DR, et al: 
Ultrasonic diagnosis of renal vein thrombosis 
in neonates. Am J Roentgenol 1 34:35-38, 
1 980. 

59. Paling MR, Wakefield JA, Watson LR: Sonog
raphy of experimental acute renal vein occlu
sion. J Clin Ultrasound 13 :647-653, 1985.  

60.  Metreweli C, Pearson R: Echographic diagno
sis of neonatal renal venous thrombosis. 
Pediatr Radiol 14 :105-108, 1 984. 

6 1 .  Lalmand B, Avni EF, Nasr A, et al: Perinatal 
renal vein thrombosis. J Ultrasound Med 
9:43 7-442, 1 990. 

62. Rosenfield AT, Zeman RK, Cronan ]J, Taylor 
KJW: Ultrasound in experimental and clinical 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


�;� � _____________________ S_EC_�_'O_N_V __ A_bd __ om __ en __ a_n_d_p_e_'V_h ______________________ � 

renal vein thrombosis. Radiology 137: 735-
741, 1980. 

63. Taylor KJW, Burns PN: Duplex Doppler scan
ning in the pelvis and abdomen. Ultrasound 
Med Bioi 1 1 :643-658, 1985. 

64. Goncharenko V, Gerlock AJ Jr, Kadir S, 
Turner B: Incidence and distribution of venous 
extension in 70 hypernephromas. Am J 
Roentgenol 133:263-265, 1979. 

65. Levine E:. Malignant renal parenchymal 
tumors in adults. In Pollack HM (ed): Clinical 
Urography: An Atlas and Textbook of 
Urological Imaging. Philadelphia, WB Saun
ders, 1990, pp 1216-129 1 .  

66. Goldstein HM, Green B ,  Weaver R M  Jr: Ultra
sonic detection of renal tumor extension into 
the inferior vena cava. Am J Roentgenol 
130: 1083-1085, 1978. 

67. Schwerk WB, Schwerk WN, Rodeck G: Venous 
renal tumor extension: A prospective US eval
uation. Radiology 1 56:491-495, 1985 . 

68. Didier D, Racle A, Etievent JP, Weill F:  
Tumor thrombus of the inferior vena cava sec
ondary to malignant abdominal neoplasms: 
US and CT evaluation. Radiology 1 62:83-89, 
1987. 

69. Dubbins PA, Wells I :  Renal carcinoma: Duplex 
Doppler evaluation. Br J Radiol 59:231-236, 
1986. 

70. London NJM, Messios N, Kinder RB, et al: A 
prospective study of the value of conventional 
CT, dynamic CT, ultrasonography and arteri
ography for staging renal carcinoma. Br J Urol 
64:209-2 1 7, ' 1989. 

7 1 .  Roubidoux MA, Dunnick NR, Sostman HD, 
Leder RA: Renal carCinoma: Detection of 
venous extension with gradient-echo MR 
imaging. Radiology 182:269-272, 1992. 

72. Thomas JL, Bernardino ME: Neoplastic
induced renal vein enlargement: So no graphic 
detection. Am J Roentgenol 136: 75-79, 
198 1 .  

7 3 .  Pozniak MA, Kelcz F, Dodd GD: Renal trans
plant ultrasound: Imaging and Doppler. Semin 
Ultrasound CT MR 1 2:3 19-334, 1991 .  

74. Lachance SL, Adamson D ,  Barry JM: Ultrason
ically determined kidney transplant hypertro
phy. J Urol 139:497-498, 1988. 

75. Hillman BJ, Birnholz JC, Busch GJ: Correlation 
of echo graphic and histologic findings in sus
pected renal allograft rejection. Radiology 
132:673-676, 1979. 

76.  Maklad NF, Wright CH, Rosenthal SJ: Gray 
scale ultrasonic ' appearances of renal trans
plant rejection. Radiology 1 3 1 :  7 1 1-71 7, 
1979. 

77. Hricak H, ToledO-Pereyra LH, Eyler WR, et al: 
The role of ultrasound in the diagnosis of 
kidney allograft rejection. Radiology 
132:667-672, 1979. 

78. Bricak H, Toledo-Pereyra LH, Eyler WR, et al :  
Evaluation of acute post-transplant renal 
failure by ultrasound. Radiology 133:443-447, 
1979. 

79. Singh A, Cohen WN: Renal allograft rejection: 
Sonography and scintigraphy. Am J Roent
genol 135 : 73-77, 1980. 

80. Frick MP, Feinberg SB, Sibley R, Idstrom ME: 
Ultrasound in acute renal transplant rejection. 
Radiology 138:65 7-660, 198 1 .  

8 1 .  Hricak H ,  Cruz C ,  Eyler WR, et al: Acute 
post-transplantation renal failure: Differential 
diagnOSiS by ultrasound. Radiology 139:441-
449, 198 1 .  

82. Hricak H ,  Romanski RN, Eyler WR: The renal 
sinus during allograft rejection: Sonographic 
and histopathologic findings. Radiology 142: 
693-699, 1982. 

83. Fried AM, Woodring JH, Loh FK, et al: The 
medullary pyramid index: An objective assess
ment of prominence in renal transplant rejec
tion. Radiology 149: 787-791,  1983. 

84. Slovis TL, Babcock DS, Hricak H, et al: Renal 
transplant rejection: Sonographic evaluation 
in children. Radiology 153 :659-665, 1984. 

85 . Babcock DS, Slovis TL, Han BK, et al: Renal 
transplants in children: Long-term follow-up 
using sonography. Radiology 156 :165-167, 
1985. 

86. Rosenfield AT, Zeman RK, Cicchetti DV, Siegel 
NJ: Experimental acute tubular necrosis: US 
appearance. Radiology 157 :771-774, 1985. 

87 .  Linkowski GD, Warvariv V, Filly RA, Vincenti 
F: Sonography in the diagnosiS of acute renal 
allograft rejection and cyclosporine nephro
tOXicity. Am J Roentgenol 1 48:291-295, 
1987.  

88. Swobodnik WL, Spohn BE, Wechsler JG, et al: 
Real-time ultrasound evaluation of renal trans
plant failure during the early postoperative 
period. Ultrasound Med Bioi 12:97-105, 1986. 

89. Hoddick W, Filly RA, Backman U, et al: Renal 
allograft rejection: US evaluation. Radiology 
1 6 1 :469-473, 1986. 

90. Hricak H, Terrier F, Marotti M, et al: Post-trans
plant renal rejection: Comparison of quanti
tative scintigraphy, US, and MR imaging. 
Radiology 162:685-688, 1987.  

91 .  Cochlin DL, Wake A,  Salaman JR, Griffin PJA: 
Ultrasound changes in the transplant kidney. 
Clin Radiol 39:3 73-376, 1988. 

92. Rifkin MD, Needleman L, Pasto ME, et al: 
Evaluation of renal transplant rejection by 
duplex Doppler examination: Value of the 
resistive index. Am J RoentgenoI 148:759-762, 
1987. 

93. Taylor KJW, Morse 55, Rigsby CM, et al: Vas
cular complications in renal allografts: Detec
tion with duplex Doppler US. Radiology 
1 62:3 1-38, 1987. 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


CHAPTER 33 Ultrasound Assessment of Native Renal Vessels and Renal Allografts I�;� 
L-______________________________________________________________________________ � 
94. Rigsby CM, Burns PN, Welton GG, et al: 

Doppler signal quantification in renal allo
grafts: Comparison in normal and rejecting 
transplants with pathologic correlation. Radi
ology 1 62:39-42, 1987. 

95 . Sternberg HV, Nelson RC, Murphy FB, et al: 
Renal allograft rejection: Evaluation by 
Doppler US and MR imaging. Radiology 
1 62:337-342, 1987. 

96. Taylor KJW, Marks WH: Use of Doppler 
imaging for evaluation of dysfunction in renal 
allografts. Am J Roentgenol 155:536-537, 
1990. 

97. Grant EG, Perrella RR: Wishing won't make 
it so: Duplex sonography in the evaluation 
of renal transplant dysfunction. Am J 
Roentgenol 155:538-539, 1990. 

98. Rigsby CM, Burns PN, Weltin GG, et al: 
Doppler signal quantification in renal allo
grafts: Comparison in normal and rejecting 
transplants, with pathologic correlation. Radi
ology 1 62:39-42, 1987. 

99. Genkins SM, Sanfilippo FP, Carroll BA: Duplex 
Doppler sonography of renal transplants: Lack 
of sensitivity and specificity in establishing 
pathologic diagnosis. Am J Roentgenol 152: 
535-539, 1989. 

100. Waltzer WC, Shabtai M, Anaise D, Rapaport 
FT: Usefulness and limitations of Doppler 
ultrasonography in the evaluation of postop
erative renal allograft dysfunction. Transplant 
Proc 2 1 : 1901-1902, 1989. 

101. Ward RE, Bartlett ST, Koenig JO, et al: The use 
of duplex scanning in evaluation of the post
transplant kidney. Transplant Proc 21 : 1912-
1916, 1989. 

102. Allen KS, Jorkasky DK, Arger PH, et al: Renal 
allografts: Prospective analysis of Doppler 
sonography. Radiology 1 69:37 1-376, 1988. 

103. Harris DCH, Allen AR, Gruenewald S, et al: 
Doppler assessment in renal transplantation. 
Transplant Proc 21 : 1895-1896, 1989. 

104. Townsend RR, Tomlanovich S], Goldstein RB, 
Filly RA: Combined Doppler and morphologic 
sonographic evaluation of renal transplant 
rejection. J Ultrasound Med 9 : 199-206, 1990. 

105. Drake DG, Day DL, Letourneau JG, et al: 
Doppler evaluation of renal transplants in 
children: A prospective analysis with 
histopathologic correlation. Am ] Roentgenol 
1 54:785-787, 1990. 

106. Perchik JE, Baumgartner BR, Bernardino ME: 
Renal transplant rejection: Limited value of 
duplex Doppler sonography. Invest Radiol 
26:422-426, 1991 .  

107. KeJcz F, Pozniak MA, Pirsch JD, Oberly TD: 
Pyramidal appearance and resistive index: 
Insensitive and nonspecific sonographic indi
cators of renal transplant rejection. Am J 
Roentgenol 155 :53 1-535, 1990. 

108. Schwaighofer B, Kainberger F, Fruehwald F, et 
al: Duplex sonography of normal renal allo
grafts. Acta Radiol 30:53-56, 1 989. 

1 09. Don S, Kopechy KK, Filo RS, et al: Duplex 
Doppler US of renal allografts: Causes of ele
vated resistive index. Radiology 1 71 : 709-712, 
1989. 

1 10. Warshauer DM, Taylor KJW, Bia MJ, et al: 
Unusual causes of increased vascular imped
ance in renal transplants: Duplex Doppler 
evaluation. Radiology 169:367-370, 1988. 

1 1 1 .  Pozniak MA, KeJcz F, Stratta R], Oberley TD: 
Extraneous factors affecting resistive index. 
Invest Radiol 23:899-904, 1988. 

1 12 .  Pozniak MA, KeJcz F, D'Alessandro A, et al: 
Sonography of renal transplants in dogs: The 
effect of acute tubular necrosiS, cyclosporine 
nephrotoxicity, and acute rejection on resis
tive index and renal length. Am ] Roentgenol 
158:79 1-797, 1992. 

1 13 .  Jaffe RB, Middleton AW ]r: Whitaker test: Dif
ferentiation of obstructive from nonobstruc
tive uropathy. Am J Roentgenol 134:9-15, 
1980. 

1 14. Siler TM, Campbell D, Wicks JD, et al: Peri-
transplant fluid collections. Radiology 
1 38 :145-151 , 1981 .  

1 15 .  Coyne SS, Walsh JW, Tisnado WH, et al :  Sur
gically correctable renal transplant complica
tions: An integrated clinical and radiologic 
approach. Am ] Roentgenol 136:1 1 1 3- 1 1 19, 
1981.  

1 16 .  Hildell ], Aspelin P, Nyman U, et  al :  Ultra
sonography in complications of renal trans
plantation. Acta Radiol Diag 25:299-304, 
1 984. 

1 1 7. Surratt ]T, Siegel MJ, Middleton WD: Sonogra
phy of complications in pediatric renal allo
grafts. Radiographics 10:687-699, 1990. 

1 18.  McGee GS, Peterson-Kennedy L, Astleford P, 
Yao ]ST: Duplex assessment of the renal trans
plant. Surg Clin North Am 70: 133-141,  1990. 

1 19.  Dodd GD, Tublin ME, Shah A, Zajko AB: 
Imaging of vascular complications associated 
with renal transplants. Am J Roentgenol 
1 5 7:449-459, 199 1 .  

120. Grenier N ,  Douws C ,  Morel D ,  e t  al: Detection 
of vascular complications in renal allografts 
with color Doppler flow imaging. Radiology 
1 78:21 7-223, 1991.  

121 .  Guzzo JA, Kupinski AM, Stone MP, et al :  Eval
uation of renal allograft blood flow rates by 
duplex ultrasonography. J Vasc Technol 
14:232-234, 1990, 

122. Snider JF, Hunter DW, Moradian GP, et al: 
Transplant renal artery stenosis: Evaluation 
with duplex sonography. Radiology 1 72:1027-
1030, 1989. 

1 23 .  Stringer DA, O'Halpin D, Daneman A, et al: 
Duplex Doppler sonography for renal artery 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


�� � _____________________ S_fC_�_'O_N_V __ A_bd __ 
om 

__ 
en 

__ a_n_d_p_e_w_h ______________________ � 

stenosis in the post-transplant pediatric 
patient. Pediatr Radiol 19 :187-192, 1989. 

124. Reuther G, Wanjura D, Bauer H :  Acute renal 
vein thrombosis in renal allografts: Detection 
with duplex Doppler US. Radiology 1 70: 
557-558, 1989. 

125. Middleton WD, Kellman GM, Melson GL, 
Madrazo BL: Postbiopsy renal transplant arte
riovenous fistulas: Color Doppler US charac
teristics. Radiology 171 :253-257, 1989. 

126. Htibsch P]S, Mostbeck G, Barton PP, et al: Eval
uation of arteriovenous fistulas and pseudo
aneurysms in renal allografts following 
percutaneous needle biopsy: Color-coded 

Doppler sonography versus duplex Doppler 
sonography. ] Ultrasound Med 9:95-100, 
1990. 

127. MacLennan AC, Baxter GM, Harden P, Rowe 
PA: Renal transplant vein occlusion: An early 
diagnostic sign? Clin Radiol 50:25 1-253, 
1995. 

128.  Baxter GM, Ireland H, Moss JG, et al: Colour 
Doppler ultrasound in renal transplant artery 
stenosis: Which Doppler index? Clin Radiol 
50:618-622, 1995. 

129.  Hilborn MD, Bude RO, Murphy KJ, et al: Renal 
transplant evaluation with power Doppler 
sonography. Br J Radiol 70:39-42, 1997. 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


Chapter 
34 

Duplex Ultrasound Evaluation 
of the Uterus and Ovaries 

Duplex and color Doppler imaging have 
become a routine part of the ultrasound 
evaluation of the female pelvis. 1 These 
techniques are utilized for both the trans
abdominal and endovaginal examinations. 
The combination of Doppler ultrasound 
with endovaginal scanning is particularly 
valuable for gynecologic investigations 
because there is improved resolution and 
increased sensitivity to blood flow. I use the 
term endovaginal color flow Doppler imaging 
(EVCF) to describe this pairing of tech
niques.2 In our department, we utilize 
Doppler ultrasound in a number of differ
ent applications, including: 
1 .  Identification of the dominant follicle or 

corpus luteal cyst in patients with pelvic 
pain or suspected ectopic pregnancy 

2. Detection of placental tissue in ab
normal intrauterine pregnancy, ectopic 
pregnancy, and retained products of 
conception 

3. Diagnosis of ovarian torsion 
4. Characterization of ovarian and adnexal 

masses 
S. Detection of a number of uterine abnor

malities, including fibroids, polyps, and 
tumors, as well as vascular abnormalities 
such as arteriovenous malformation and 
the pelvic congestion syndrome 

Endovaginal color flow Doppler imaging 
offers several advantages over endovagi
nal scans without Doppler. Integration of 
Doppler signal information into the sono
graphic analysis allows for tissue character
ization and recognition of normal and 
abnormal flow patterns and may eliminate 
the need for computed tomographic or 
magnetic resonance imaging correlation in 

many cases. EVCF also improves the detec
tion of flow compared with transabdominal 
scans with color Doppler. The endovaginal 
probe is closer to the areas of interest, 
so there is enhanced detection of vessel 
patency and tissue vascularity. This is 
extremely helpful in cases when the demon
stration of blood flow is critical to the 
diagnosis (Le., ovarian torsion). 

TECHNICAL ISSUES 

Because the technical aspects of color flow 
imaging are covered in Chapter 3, this 
chapter emphasizes just the key pOints rel
ative to pelvic sonography. Similar to other 
color and pulsed Doppler examinations, 
Doppler evaluation of the uterus and 
ovaries should be considered a dynamic 
process, requiring adjustment of the color 
flow parameters according to the type of 
examination. Using the manufacturer's set
tings (presets) is a good starting point for 
any examination. They serve as a general 
guide and can be adjusted to improve visu
alization of blood flow. Presets are helpful 
to novice or beginner sonographers and 
sonologists, particularly when the demon
stration of color flow is suboptimal but crit
ical for diagnosis. 

It is important to remember that color, 
power, and pulsed Doppler images are based 
on the same physical principles but dis
play different information.3 Color Doppler 
images are based on the mean velocity 
display of reflected frequency shifts. In 
other words, the frequencies reflected from 
the moving red blood cells are averaged 
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over time and presented on the image. 
Color Doppler displays a range of velocities 
on the image but does not provide absolute 
or peak systolic velocity information. Pulsed 
Doppler is used to determine the peak veloc
ity at a particular location. 

Power (Amplitude) Doppler images are 
determined by the strength or amplitude of 
the returning Doppler shifts.4 The frequency 
shifts are amplified and displayed along 
with the gray-scale information. Power 
Doppler provides three to five times 
increased sensitivity to blood flow, com
pared with color flow imaging. There is less 
dependence on the angle of insonation, so 
flow can be demonstrated at angles close to 
90 degrees. Thus, very weak Doppler shifts 
are presented on the power Doppler image. 
Advantages of power Doppler include 
improved vascular detail, faster localiza
tion of blood flow for pulsed Doppler sam
pling, and assessment of global tissue 
perfusion. 

Power Doppler images do not demon
strate color aliasing or direction of flow. This 
is not a significant limitation, as determi
nation of flow direction or aliasing is 
achieved with color flow or pulsed Doppler 
sampling. Power Doppler is also susceptible 
to the same pitfalls associated with incorrect 
color flow settings as with color Doppler 
imaging. In general, there are three param
eters that should always be checked to 
ensure optimal color and power Doppler 
imaging: 
1 .  Color velocity range or pulse repetition 

frequency (PRF) 
2. Color gain 
3. Wall filter 
These settings should be adjusted to 
improve the detection of color flow for each 
study, as they are fundamental to the detec
tion of low-flow states.3 To detect low
velocity flow, we decrease the PRF, increase 
the color gain, and/or decrease the wall 
filter settings. When flow velocities are high 
and we want to reduce the degree of color 
noise or aliasing in the image, we increase 
the PRF or color velocity scale, decrease the 
color gain, and/or increase the wall filter. 
Experience and practice with different 
parameter settings will increase understand
ing of the interrelationships between these 

settings and lead to improved detection of 
flow. As always, the focal zone should be 
placed near the region of interest. 

Most studies are performed with trans
ducers in the 2.5- to 5-Mhz range for 
transabdominal studies. Endovaginal scans 
utilize probes in the 5- to 10-Mhz range. For 
pulsed Doppler evaluation, angle correction 
is performed when the direction of flow can 
be ascertained. We use no angle correction 
(0 degrees) for tiny or tortuous vessels when 
the direction of flow cannot be determined. 
A small sample volume is important for 
spectral analysis to avoid obtaining signals 
from multiple sources. 

NORMAL ANATOMY 
AND HEMODYNAMICS 

A thorough sonographic evaluation of the 
uterus and ovaries is usually performed 
prior to Doppler assessment of blood flow. 
We usually begin our evaluation with the 
uterus and then turn our attention to 
the adnexa and evaluation of the ovaries. 
The uterus is a pear-shaped, midline struc
ture that is usually easy to identify (Fig. 
34-1).  Measurements of the length, width, 
and anteroposterior diameter of the uterus 
should be obtained. We also evaluate the 
thickness of the endometrium and the 
cervix and the presence and location of any 
uterine masses. The ovaries are variable in 
shape and location. Although the ovaries 
can be identified with either transabdomi
nal or endovaginal scanning, a combination 
of techniques may be necessary for com
plete evaluation. The ovaries are also meas
ured in three dimensions. The presence of 
cysts or masses is noted and correlated with 
the menstrual cycle. 

Color and pulsed Doppler examination 
requires knowledge of the vascular anatomy 
and hemodynamic changes of the female 
pelvis. The vessels most frequently exam
ined in the pelvis include the iliac, uterine, 
and ovarian arteries and veins (see Fig. 
34-1).5 These vessels may be identified 
with both transabdominal and endovaginal 
imaging. EVCF affords improved resolution 
and vascular detail compared with the 
transabdominal approach. 
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The uterine artery is a branch of the inter
nal iliac artery and penetrates the uterus at 
the lower uterine segment (see Fig. 34-1B) . 
Uterine artery branches course toward the 
uterine fundus and cervix as well as toward 
the ovaries in the broad ligament. Color and 
pulsed Doppler sampling of the uterine 
artery reveals high-impedance, low diastolic 
flow in the nongravid state.s A characteris
tic diastolic "notch" is usually noted (Fig. 
34-2) . Identification of the notch is helpful 
in characterizing waveforms found in the 
uterus and adnexa as originating from the 
uterine artery. There is a gradual decrease in 
resistance to flow in the spectral samples 
obtained from the uterine arteries during 
the second trimester of pregnancy. The 
decrease in resistance and resistive index is 
related to increased blood flow necessary for 
normal placental and fetal growth. Contin
uous low-resistance blood flow should be 
detected in the placenta and umbilical arter
ies supplying the fetus. 

Each ovary receives a dual blood supply, 
as shown in Figure 34-1A. The ovarian 
artery Originates from the abdominal aorta 
and descends to the pelvis. The ovary also 
receives branches from the uterine artery 
that course along the broad ligament. Flow 
patterns observed during color and pulsed 
Doppler sampling of the ovary vary depend
ing on the phase of the ovulatory cycle. 
Low-velocity, high-impedance waveforms 

Mesosalpinx 

r Inlundibulopelvic 
ligament 

Ovary 

B�d Ii" me" J 
Utero·ovarian 

ligament 
FIGURE 34-1 . A, Normal pelvic anatomy. 

are usually noted early in menses into the 
follicular phase (Fig. 34-3). This is seen 
during the first menstrual week when the 
ovaries are dormant and before the forma
tion of the dominant follicle and corpus 
luteal cyst.6 

The luteal phase coincides with the extru
sion of the mature egg or oocyte and for
mation of the corpus luteal cyst. Thickening 
of the cyst walls is seen with gray-scale 
imaging. Color Doppler demonstrates a ring 
of vascularity ("ring of fire" pattern) around 
the luteal cyst, related to formation of tiny 
vessels in the walls of the cyst.7 Pulsed 
Doppler shows a marked increase in peak 
systolic and end-diastolic velocities (Fig. 
34-4) . The increased velocities are related to 
neovascularization of the corpus luteum, 
required for oocyte maturation and hor
monal activity. 8 

We originally described the "ring of fire" 
color flow pattern to represent the increased 
vascularity noted around the periphery of 
an extrauterine gestational sac.9 Subse
quently, it became very clear that a similar 
pattern of peripheral blood flow occurs with 
the formation of a corpus luteal cyst. In fact, 
we look for the ring of increased vascularity 
in the ovary to locate and characterize luteal 
cysts. It should be clear that the "ring of 
fire" color flow pattern cannot distinguish 
between ectopiC pregnancies and luteal 
cysts. Investigators have tried to identify 

External iliac Ovarian branch 
01 uterine artery '�""'l 

Ovary 

Rectum Uterine artery 
and vein 

Ovarian artery 
and vein 
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B 
FIGURE 34-1 -cont'd. B, Montage of normal pelvic Doppler waveforms. 
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CHAPTER 34 Duplex Ultrasound Evaluation of the Uterus and Ovaries 

FIGURE 34-2. Normal uterine artery waveform. Pulsed 
Doppler evaluation reveals a high-resistance waveform 
with the early diastolic "notch" (arrow). 

discriminating Doppler parameters to dis
tinguish luteal from ectopic flOW.10, 1 l  This is 
difficult due to overlap in peak systolic 
velocity and resistive index measurements 
between luteal cysts and ectopic pregnan
cies. The origin of the Doppler Signal, from 
within the ovary or from an adnexal mass, 
allows more accurate characterization of a 
corpus luteal cyst or ectopic pregnancy 
than velocity or resistive index. Therefore, 
we do not use Doppler to distinguish luteal 
from ectopic flow but localize the site of 
origin of the signals to determine their 
significance. 

Color and pulsed Doppler signals ob- B 
tained from a postmenopausal ovary have 
low peak systolic velocities similar to 
ovaries in the follicular phase? (Fig. 34-5). 
This is typical of ovaries in the resting state. 
Because postmenopausal ovarian vessels 
carry low-velocity flow, they may be very 
difficult to visualize with conventional 
color Doppler flow settings. Low color 
velocity scale (PRF) and color wall filter 
adjustments may be necessary to detect 
postmenopausal ovarian blood flow. Power 
Doppler imaging improves the visual
ization of ovarian flow, particularly in 

FIGURE 34-3. Normal follicular phase ovarian wave
form. Pulsed Doppler evaluation of the ovary during 
the first week of the menstrual cycle reveals low
velocity, high-resistance flow. 

c 
FIGURE 34-4. A, Corpus luteal cyst. Gray-scale image 
demonstrates a hypoechoic lesion with echogenic 
borders (arrows) .  B, Color Doppler shows a ring of 
increased color flow (arrows) around the periphery of 
the corpus luteal cyst. C, Pulsed Doppler demonstrates 
increased systolic and diastolic velocities associated 
with the vascular ring. 
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FIGURE 34-5. Normal postmenopausal ovarian wave
form. Pulsed Doppler demonstrates typical low
velocity, high-resistance flow. 

postmenopausal women. Because post
menopausal ovaries no longer ovulate, they 
remain relatively quiescent and are associ
ated with little or no diastolic flow. 

CURRENT APPLICATIONS 

Current applications of transabdominal 
scanning and EVCF include identification 
of the corpus luteal cyst, detection of 
intrauterine placental flow, diagnosis of 
ectopic pregnancy and retained products 
of conception, evaluation of ovarian 
torsion, and the characterization of adnexal 
masses and uterine abnormalities. 

Corpus Luteal Cyst 

Identification of the dominant follicle or 
corpus luteal cyst has proven extremely 
helpful in patients who present with pelvic 
pain, adnexal mass, or ectopic pregnancy. 
Ovarian cysts are the most common cause 
of acute pelvic pain in premenopausal 
patients. 12 The pain is usually associated 
with enlargement of the cyst during the 
midportion of the menstrual cycle and 
precedes cyst rupture and the release of 
fluid. 

Simple ovarian cysts are easily character
ized by their lack of internal echoes; 
smooth, thin walls; and posterior sound 
enhancement. Complex ovarian cysts can 

be much harder to characterize as benign 
ovarian cysts. Hemorrhagic cysts may be 
filled with low-level echoes and are not 
easily recognized, as they become isoechoic 
to the ovarian parenchyma. These cysts may 
also contain solid regions and septations 
and may simulate ovarian neoplasms. 

Color and pulsed Doppler are important 
tools in the characterization of complex 
ovarian cysts. Color Doppler can demon
strate the ring of increased vascularity in 
the wall of the corpus luteal cyst (Fig. 34-6). 
As mentioned earlier, the peripheral vascu
larity is related to neovascularization asso
ciated with the formation of the corpus 
luteal cyst.s The increased blood flow iden
tified with color Doppler is associated with 
elevated peak systolic velocities and low
resistance flow. Dillon and colleagues13 
demonstrated a peak systolic velocity of 
27 ± 1 0  cm/sec and a resistive index of 
0.44 ± 0.09 for corpus luteal cysts. This color 
or power Doppler appearance makes the 
corpus luteal cyst conspicuous, even when 
it is filled with blood and is isoechoic 
to ovarian tissue on gray-scale images. 
The lack of vascularity within the central 
part of the lesion suggests it is a hemor
rhagic cyst. 12 This is particularly helpful 
when gray-scale evaluation suggests the 
presence of wall thickening, nodules, or sep
tations within the cyst cavity. The absence 
of flow within the cyst cavity suggests that 
any solid material within the cyst is likely 
related to hematoma or retracting clot and 
not tumor (Fig. 34-7) . A follow-up study 6 
to 8 weeks later, during the first week of a 
subsequent menstrual cycle, is recom
mended to assess for complete resolution of 
the complex cyst and to exclude the possi
bility of tumor. 

The recognition of the corpus luteal cyst 
also aids in the diagnosis of ectopiC preg
nancy. Approximately 85% to 90% of 
ectopiC pregnancies occur on the same side 
as the corpus luteal cyst.9 Identification of 
the corpus luteum determines the side of 
ovulation and directs the examiner to the 
expected site of the ectopiC pregnancy (Fig. 
34-8) . Color and pulsed Doppler also play a 
role in the identification and follow-up of 
ectopiC pregnancy, which is our next topic 
of discussion. 
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A 

B 

c 
FIGURE 34-6. A, Hemorrhagic ovarian cyst. A hypo
echoic lesion (arrow) is seen within the ovary, which 
contains low-level heterogeneous echoes consistent 
with hemorrhage. B, Color Doppler demonstrates a 
"ring of fire" (arrowheads) around the hemorrhagic cyst 
(arrow). Note that there is no color flow within the 
hemorrhagic component. C, Pulsed Doppler demon
strates low-resistance flow consistent with luteal flow. 

ECTOPIC PREGNANCY 

Ectopic pregnancy occurs in approximately 
2% of pregnancies and is the leading cause 
of pregnancy-related deaths during the first 
trimesterY There is a rising incidence of 
ectopic pregnancy that is related to 

An increased number of patients at risk 
New techniques that allow earlier diagnosis 
Improved treatment for salpingitis and 

ectopic pregnancy 
Increased utilization of ovulation induction 

and assisted reproduction techniques 

It is important to understand and solicit 
risk factors from patients with suspected 
ectopic pregnancy. 1S Any process that pro
duces scarring or obstruction of the fallopian 
tube predisposes to ectopic pregnancy. The 
obstruction may be related to prior pelvic 
surgery or tubal ligation, prior ectopic preg
nancy, or history of pelvic inflammatory 
disease or salpingitis. The use of an intrauter
ine contraceptive device may also increase 
the risk for ectopic pregnancy. In vitro 
fertilization also increases the rate of ectopic 
pregnancy due to multiple risk factors, 
including infertility, ovulation induction, 
and embryo transfer with retrograde migra
tion of the embryo into the fallopian tube. 
Other important risk factors include in utero 
exposure to diethylstilbestrol and steriliza
tion. (Infertility is associated with multiple 
anatomic and physiologic conditions that 
increase risk for ectopic pregnancy.) 

The clinical presentation of ectopic preg
nancy is variable; however, a positive preg
nancy test, pelvic pain, an adnexal mass, 
and/or vaginal bleeding raise clinical suspi
cion for this condition. The classic triad of 
pelvic pain, adnexal mass, and vaginal 
bleeding occurs only in approximately 45% 
of patients.16 Patients may be asymptomatic 
or have focal or generalized pelvic or 
abdominal pain. 

Earlier diagnosis of ectopic pregnancy is 
possible due to improved sonographic tech
niques and increased awareness of the 
disease. Early detection reduces the risk of 
tubal rupture and significant hemorrhage. 
The evaluation of ectopic pregnancy usually 
includes a combination of endovaginal 
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A 

c 

sonography and serum human chorionic 
gonadotropin titers. Diagnostic laparoscopy 
is considered the gold standard and is usu
ally reserved for difficult cases. 

The sonographic findings associated with 
ectopic pregnancy include absence of a 
normal intrauterine pregnancy, a pseudo
gestational sac (described later), a live 
extrauterine embryo, pelvic fluid, and an 
adnexal mass. 

A common sonographic feature is the 
extrauterine gestational sac. This appears as 
a ring-shaped adnexal mass with a thick 
wall, similar to a doughnut or life preserver. 
Occasionally, a complex or solid adnexal 
mass is identified, related to pelvic he
matoma or hematosalpinx. The complex 
appearance of the mass is usually related to 
bleeding or rupture of the ectopic preg
nancy. A live embryo is seen less commonly 
but provides the highest positive predic
tive value for the diagnosis of ectopic 
pregnancy. 

B 

FIGURE 34-7. A, A heterogeneous solid lesion (arrows) is 
identified in the ovary, suspicious for neoplasm or mass. 
B, Color Doppler demonstrates flow around the periph
ery of the mass (arrows) but no central or internal flow. 
e, Pulsed Doppler evaluation reveals classic luteal flow 
signals. A follow-up examination after 8 weeks demon
strated resolution of the lesion. 

Placental Flow 

Color and pulsed Doppler imaging can 
also demonstrate placental flow features 
(described later) in the uterus or adnexa.lO 

FIGURE 34-8. A well-defined extrauterine gestational 
sac (arrowheads) is identified on the same side as a 
hemorrhagic corpus luteal cyst (arrows) in the left 
ovary. 
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CHAPTER 34 Duplex Ultrasound Evaluation of the Uterus and Ovaries 

The presence or absence of placental flow in 
the uterus is an extremely valuable finding 
in the evaluation for suspected ectopic preg
nancy, for when it is present, the focus of 
examination shifts toward an abnormal 
intrauterine pregnancy rather than an 
extrauterine gestation. Placental flow is 
related to invasion of the endometrium by 
growing trophoblastic tissue. As the tro
phoblast grows into the uterine tissue, the 
maternal spiral arteries will shunt arterial 
blood into the intervillous sinusoids. This 
results in relatively high-velocity, low
resistance blood flow that is readily detected 
with color Doppler imaging (Fig. 34-9). 
Pulsed Doppler examination of intrauterine 
placental flow reveals a peak systolic veloc-

A 

B 
FIGURE 34-9. A, Endovaginal sonography reveals a ges
tational sac (arrows) within the endometrial canal. B, 
Color Doppler demonstrates increased flow around the 
gestational sac. Pulsed Doppler waveforms show char
acteristic high-velocity, low-resistance flow signals. 

ity greater than 21 cm/sec, and the imped
ance de'creases to a mean resistive index of 
0.44 ± 0.09. 1 7  The increased vascularity 
related to trophoblastic implantation is 
detected 36-50 days after the last menstrual 
period. 

Detection of the flow characteristics 
related to placentation is invaluable in the 
identification of gestational tissue in the 
uterus or in the adnexa. A peak systolic 
velocity cutoff at 21 cm/sec or more is uti
lized to characterize placental flow in the 
uterus. We utilize no (O-degree) angle cor
rection for the pulsed Doppler examination, 
as the vessels are too small to determine 
the direction of flow. Despite the lack of 
angle correction, Doppler is remarkably 
sensitive for the detection of placental 
flow. The detection of placental flow in the 
uterus confirms the presence of a normal 
or abnormal intrauterine pregnancy. In 
general, pulsed Doppler interrogation of a 
normal embryo is not performed due to 
potential bioeffects related to cavitation and 
heating. 

PSEUDOGESTATION 

Color and pulsed Doppler can also distin
guish between an abnormal intrauterine 
pregnancy and a pseudogestational sac 
related to ectopic pregnancy. The sono
graphic appearance of "pseudosacs" ranges 
from endometrial thickening to a fluid col
lection in the endometrial canal. Unlike 
normal intrauterine gestational sacs, pseu
do sacs tend to be oval and located centrally 
in the endometrial cavity rather than eccen
trically placed in the endometrium. They do 
not demonstrate a double decidual reaction, 
yolk sac, or embryo. They also do not 
exhibit placental flow, an important dis
criminatory factor (Fig. 34-10). Doppler 
sampling ofthe area surrounding the pseu
dosac will demonstrate velocities less than 
21 cm/sec. Dillon and colleagues1 7  showed 
that Doppler findings were 100% specific in 
the identification of pseudogestational sacs. 

The diagnosis of ectopic pregnancy is 
based on the finding of a cystic, complex, 
or solid mass, separate from the uterus and 
ovaries, in a pregnant patient. Color 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


SECTION V Abdomen and Pelvis 

A B 

c o 
FIGURE 34-1 0. A, Endovaginal scan reveals a well-defined sac-like structure (arrows) within the endometrial canal 
in a patient with a positive human chorionic gonadotrophin titer and vaginal bleeding. This finding may be related 
to an abnormal intrauterine pregnancy or pseudogestational sac associated with an ectopic pregnancy. B, Color 
Doppler demonstrates flow in the myometrium and vessels associated with the intrauterine sac (arrows). C, Spec
tral analysis of the vessels around the sac demonstrates low-velocity signals « 21 cm/sec) consistent with a pseudo
gestational sac. D, Examination of the right adnexa demonstrates a ring-shaped mass (arrows) consistent with an 
ectopic sac. 

Doppler is helpful in cases of ectopic preg
nancy when the gray-scale findings are not 
diagnostic and increased vascularity is iden
tified in the adnexa (Fig. 34-1 1) .  In a study 
of ISS patients with suspected ectopic preg
nancy, my colleagues and 1 9  found that pla
cental flow was observed in 85% (55 of 65) 
of patients with ectopic pregnancy. Color 
and pulsed Doppler showed a sensitivity of 
95% and specificity of 98% for the detection 

of ectopiC pregnancy. We have been able 
to distinguish ectopic pregnancy from 
hematoma, bowel loops, and other adnexal 
masses on the basis of increased color flow 
(Fig. 34-12). Color and pulsed Doppler have 
also proven useful in cases of interstitial 
(cornual) and cervical ectopiC pregnancies 
when no significant mass is identified but 
there is increased flow on color and power 
Doppler examination (Fig. 34-13). 
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A 

B 
FIGURE 34-1 1 .  A, A poorly defined hypoechoic region 
(arrows) is identified in the left adnexa, separate from 
the ovary, in this patient with positive human chori
onic gonadotropin and pelvic pain. The finding is sus
picious for an ectopic pregnancy. B, Color Doppler 
demonstrates increased flow within the mass. Pulsed 
Doppler shows high-velocity, low-impedance wave
forms consistent with placental flow in this patient 
with proven ectopic pregnancy. 

PITFALLS 

As previously mentioned, one must use 
caution when interpreting color and pulsed 
Doppler images. There is significant overlap 
in the appearance of placental and luteal 
flow. Intrauterine and extrauterine gesta
tional sacs, as well as corpus luteal cysts, 
exhibit the "ring of fire" appearance. 
Similarly, both placental and luteal wave-

B 
FIGURE 34-1 2. A, Endovaginal scan shows a round, 
solid region (arrowheads) adjacent to the left ovary in 
this pregnant patient with pain and vaginal bleeding. 
The differential diagnosis included hematoma, bowel, 
and ectopic pregnancy. Note that the left ovary con
tains a hemorrhagic luteal cyst (at/ow). B, Color 
Doppler reveals increased flow within the tissue. Pulsed 
Doppler demonstrates high-velocity, low-resistance 
signals consistent with trophoblastic flow. Increased 
flow will not be seen in bowel or hematoma, and the 
findings are consistent with ec;topic pregnancy. 

forms demonstrate indistinguishable low
resistance arterial flow. The origin of the 
color Doppler signals must be considered 
for accurate diagnosis. Because intraovarian 
ectopic pregnancies are extremely rare (less 
than 10/0 of all ectopics)/8 increased flow 
obtained from within the ovary likely rep
resents luteal flow. 

Color and pulsed Doppler are also utilized 
to assess for persistent abnormal flow after 
ectopic pregnancy therapy. There is a trend 
toward nonsurgical treatment of small, 
uncomplicated ectopic pregnancies with 
methotrexate or careful clinical follow-up. 
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FIGURE 34-1 3. This cornual pregnancy was identified 
on the basis of increased color flow signals (arrows) in 
the absence of a sac or significant mass. 

Doppler is used to assess for absence or per
sistence of placental flow after treatment or 
during follow-up. Ultrasound may show 
persistence or increase in size of the adnexal 
mass after methotrexate administration.ls 
Serial sonograms demonstrate resolution of 
placental flow following methotrexate. 

These techniques work very well in the 
appropriate clinical setting, but other path
ologies may demonstrate high-velocity, 
low-resistance flow patterns that simulate 
placental flow. For example, fibroids or 
polyps can demonstrate similar low
resistance signals. The gray-scale features 
usually allow identification of the fibroid or 
polyp · as the source of the signals. Other 
pathologies, such as endometritis, may 
demonstrate low-resistance signals similar 
to placental flow, but in this case, the 
clinical situation should clarify the diag
nosis. Certain adnexal pathologies may also 
demonstrate signals that simulate placental 
flow. The keys to correct diagnosis relate to 
relevant clinical information and recogni
tion of the source of the Doppler wave
forms. Pitfalls can occur when the site of 
Doppler insonation is not clear. The most 
common pitfall is confusing a corpus luteal 
cyst with an ectopiC pregnancy. Both the 
corpus luteal cyst and the ectopic preg
nancy may present with a cystic, ring
shaped mass and low-resistance arterial 
signals. This situation is resolved by recog
nizing that the corpus luteal cyst is located 

within the ovary and is not a separate 
adnexal mass. A mass that cannot be sepa
rated from the ovary is unlikely to represent 
an ectopiC pregnancy for reasons men
tioned previously. Other potential pitfalls 
include a tubo-ovarian abscess, peduncu
lated fibroid, ovarian malignancy, or other 
pelvic tumor or abscess. The location of 
Doppler flow and the clinical scenario 
should allow for correct diagnosis. 

In summary, the value of color Doppler 
in the evaluation of ectopiC pregnancy 
includes 

Demonstration of an intrauterine preg
nancy with identification of placental 
flow caused by spontaneous miscarriage 
or incomplete abortion 

Absence of placental flow in a pseudogesta
tional sac 

Detection of placental flow in the adnexa 
when the gray-scale findings are not diag
nostic or no mass is identified 

Identification of retained products of con
ception following delivery or after thera
peutic abortion 

Assessment of therapeutic efficacy following 
methotrexate or laparoscopic surgery 

Retained Gestational Tissue 

Identification of placental flow is also useful 
in the diagnosis of incomplete abortion, 
retained products of conception, and gesta
tional trophoblastic neoplasia. We use color 
and pulsed Doppler to assess for retained 
placental tissue after spontaneous miscar
riage or therapeutic abortion and in patients 
following delivery (Fig. 34-14). Retained 
products may be suspected clinically due 
to persistent vaginal bleeding or elevated 
human chorionic gonadotropin titer. Color 
Doppler is able to demonstrate small foci of 
placental tissue, even in the absence of an 
appreciable endometrial mass or fluid col
lection (Fig. 34-15).  Pulsed Doppler sam
pling in the region of increased color flow 
reveals peak systolic velocity measurements 
greater than 21 cm/sec, consistent with 
retained placental tissue. Conversely, the 
absence of placental flow in an endometrial 
mass suggests retained clot. Dillon and 
coworkersI3 reported that persistent high-
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A 

B 

c 
FIGURE 34-1 4. A, Endovaginal scan reveals a thick
ened, heterogeneous endometrium (arrows) in this 
patient following incomplete abortion. B, Color 
Doppler shows markedly increased vascularity (arrows) 
in the region of endometrial thickening suggestive 
of retained products of conception. C, Pulsed 
Doppler demonstrates high-velocity (126 cm/sec), low
resistance (resistive index = 0.45) flow consistent with 
placental flow and retained products of conception. 

velocity, low-resistance flow was noted in 
half of patients studied after therapeutic 
abortion. This increased vascularity sponta
neously resolved over the next few days. 
This is a pitfall for retained placental tissue, 
and treatment decisions in the first week 
after therapeutic abortion or dilation and 
curettage should be based on clinical factors 
and not Doppler findings. 

Gestational Trophoblastic 
Disease 

Gestational trophoblastic disease, or molar 
disease, is an uncommon complication of 
pregnancy. The clinical and so no graphic 
presentations are variable. Typically, pa
tients present in early pregnancy with 
symptoms and signs of threatened abortion, 
with elevated serum human chorionic 
gonadotropin levels, usually greater than 
100,000 mIU/mL.19 Sonographic examina
tion of the uterus demonstrates an echo
genic mass, which may appear complex. 
The molar tissue is usually extremely vascu
lar and easily seen with color and power 
Doppler. Moles demonstrate multiple arteri
ovenous shunts with high-velocity, low
resistance blood flow. The detection of 
increased color flow is helpful when small 
amounts of tissue are noted on the gray
scale image. Myometrial invasion of molar 
tissue can also be identified by the presence 
of abnormal color flow extending into the 
myometrium. 

Ovarian Torsion 

Ovarian torsion represents approximately 
3% of gynecologic emergencies.20 Although 
ovarian torsion occurs less commonly than 
other gynecologic problems, clinical symp
toms may suggest other etiologies of acute 
pelvic pain, including ruptured ovarian 
cyst, pelvic inflammatory disease, appen
dicitis, renal colic, or bowel obstructionY 
Duplex and color Doppler evaluation is the 
best noninvasive modality for the evalua
tion of ovarian torsion. Immediate diagno
sis and surgical intervention is required to 
avoid irreversible ovarian injury. 

���J 
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Torsion occurs more commonly in pre
menopausal patients and is related to partial 
or complete twisting of the vascular pedicle, 
usually due to ovarian or adnexal mass or 
swelling. The mass may be an ovarian or 
broad ligament cyst or neoplasm. The mass 
or broad ligament serves as the fulcrum for 
the torsion. Less commonly, torsion may be 
related to displacement or compression by 
a pelvic mass or enlarged uterus. Torsion 
occurs more commonly on the right side, 
which may be related to increased space and 
absence of the sigmoid colon. A hypermobile 
adnexa or abnormal attachment may also 
predispose to torsion. There is also increased 
incidence of torsion with pregnancy.22,23 

Most patients with torsion present with a 
solid or cystic ovarian mass, which serves as 
the focal point for torsion. Typical sono
graphic findings include an enlarged ovary 
or adnexal mass, which may be cystic, 
complex, or solid.24 The ovary may be ede-

FIGURE 34-1 5. A, This patient presented with persistent 
vaginal · bleeding after delivery. Endovaginal scan re· 
veals no evidence of endometrial thickening or mass 
(arrowheads). B, Color Doppler demonstrates a focus of 
increased vascularity in the endometrium (arrows) con· 
sistent with retained products of conception. C, Pulsed 
Doppler confirms the presence of placental flow within 
the area of abnormal vascularity. Subsequent dilation 
and curettage revealed products of conception. 

matous and associated with free fluid. An 
enlarged ovary in an unusual location, 
including the midline above the uterus, 
flank, or cul-de-sac, should raise suspicion 
for torsion. 

The diagnosis of ovarian torsion relies on 
the failure to detect arterial flow within the 
ovarian parenchyma (Fig. 34_16) .21,22,25,26 
The absence of flow within the torsed ovary 
during color flow, power, and pulsed 
Doppler is diagnostic. 

Color Doppler may also demonstrate a 
coiling or twisting of the vascular pedicle 
(Fig. 34-1 7) Y Absent or reversed diastolic 
flow in the ovarian vessels or within the 
ovarian parenchyma also suggests torsion. 
Other abnormal flow patterns are associated 
with ovarian torsion. Decreased arterial flow 
with no venous flow has been observed. 
A nonpulsatile, low-velocity venous-like 
pattern may occur that likely represents 
subtotal vascular occlusion with blunted, 
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FIGURE 34-1 6. A, Endovaginal scan demonstrates a 
large right adnexal mass (arrows) behind the uterus 
(arrowheads) in this patient with acute pelvic pain. B, 
Color Doppler demonstrates flow in the adjacent right 
iliac artery (arrow) and parametrial vessels (arrowhead) 
but no flow in the right adnexal mass. C, Pulsed 
Doppler confirms the absence of flow in the right 
adnexal mass. Surgical exploration identified right 
ovarian torsion. 

monophasic arterial flow signals (Fig. 
34-18). Rarely, normal ovarian flow has also 
been detected in ovarian torsion. 

There are important pitfalls to the diag
nosis of ovarian torsion. Arterial signals 
may be detected from within the ovary 
when there is partial, or less than 360-
degree, twisting of the vascular pedicle. This 
may be related in part to the dual arterial 
supply to the ovaries. Lack of intra ovarian 
venous signals or damped arterial wave
forms detected during pulsed Doppler inter
rogation should increase suspicion for 
partial or incomplete torsion. Patients with 
chronic torsion may present with absent 
internal vascularity and flow around the 
periphery of the ovary. The peripheral 
vascularity is related to reactive inflamma
tion and scarring, similar to the "halo 
sign" associated with testicular torsion. 
Patients with intermittent torsion may 
present with episodic pain. Doppler exami
nation may reveal increased hyperemic 
flow during periods of detorsion. Pain is 
typically relieved following detorsion. All 
color flow parameters must be optimized to 
ensure that the absence of flow is not 
related to technical factors, including high 
PRF, high wall filter, or low color gain set
tings. Power Doppler is very helpful to 
demonstrate low-velocity flow in the ovary 
when flow is not appreciated with color 
Doppler imaging. 

Ovarian torsion remains a challenging 
diagnosis, and close correlation between 
clinical examination and Doppler findings 
is usually required. 

FIGURE 34 -1 7. Color Doppler shows coiling or twist
ing of the vascular pedicle (arrows) in this patient with 
proven ovarian torsion. Note the absence of color flow 
in the ovary (arrowheads). 
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FIGURE 34-1 8. A, This patient presented with left 
adnexal pain. Endovaginal color flow Doppler imag
ing demonstrates an enlarged heterogeneous ovary 
with scattered internal blood vessels (arrows). B, 
Spectral Doppler reveals nonpulsatile low-velocity 
waveforms suggestive of partial ovarian torsion, proven 
at \aparoscopy. 

Characterization of 
Adnexal Masses 

Ultrasound is utilized to detect neovascular
ity associated with malignant tumors.28 
Color Doppler demonstrates clusters of small 
abnormal tumor vessels within malignant 
masses and assists in placement of the 
sample volume for pulsed Doppler examina
tion. Pulsed Doppler typically demonstrates 
high-velocity, low-resistance flow within 
cancers. These flow patterns are related to 
increased flow through tumor vessels, arteri
ovenous shunting, and absence of muscular 
media in the walls of tumor vessels. Power 
Doppler appears to improve visualization of 

malignant vascularity compared with con
ventional color flow imaging. Doppler 
techniques have proven valuable in the 
evaluation of cancers of the breast, kidney, 
liver, and prostate gland. 

Color and pulsed Doppler is also used to 
characterize adnexal masses (Fig. 34_19).29-34 
Spectral tracings from ovarian cancer 
demonstrate high-velocity and/or low
impedance monophasic waveforms with no 
diastolic notch. Although color Doppler can 
demonstrate malignant neovascularity as
sociated with ovarian cancers, there is con
siderable overlap between benign and 
malignant Doppler signals.35,36 Apart ' from 
ovarian cancer, corpus luteal cysts, fibroids, 
endometriomas, abscesses, and other benign 
tumors can have similar low-impedance 
Signals. The similarities in blood flow pat
terns between these entities limits the value 
of Doppler in their characterization. 

Prior to Doppler evaluation, gray-scale 
morphologic findings were used to iden
tify ovarian cancer. Thick cyst walls, 
complex masses, mural nodules, and septa
tions more than 2 mm in thickness are 
associated with malignancy.37 Like the 
Doppler findings, these features are non
specific and overlap with benign lesions. 
Recent studies38-41 have shown that a com
bination of morphologic and Doppler fea
tures increases specificity for the diagnosis 
of ovarian cancer. Scoring systems have 
been devised to assist in the recognition and 
characterization of ovarian cancer. In a 
study of 1 72 adnexal masses, my colleagues 
and 140 showed that a scoring system con
Sisting of elevated ovarian volume, ab
normal morphologic features, and the 
detection of high-velocity, low-impedance 
flow in the abnormal solid components 
demonstrated a sensitivity of 95% and 
specificity of 92% for the detection of 
ovarian cancer. Brown and associates39 
reviewed 2 1 1  pelvic masses and demon
strated a sensitivity and specificity of 93% 
for a combination of gray-scale and Doppler 
parameters. Their scoring system included 
the presence of nonhyperechoic solid com
ponents, free fluid, absent or thick septa
tions, and central location of blood flow. 
Both studies concluded that the identifica
tion of abnormal tumor vascularity within 
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FIGURE 34-1 9. A, Endovaginal scan demonstrates a complex adnexal mass with a central solid component (aITows) 
and septations (aITowheads) in this postmenopausal patient. B, Color Doppler reveals flow in the central compo
nent (a/Towheads) and septation (aITow), suggestive of malignancy. C, Power Doppler demonstrates increased flow 
(aITows) throughout all the solid components of the adnexal mass. D, Pulsed Doppler reveals high-velocity, low
resistance signals consistent with malignant vascularity in this ovarian cancer. 

the complex and solid components of 
ovarian tumors has proven useful in the 
diagnosis of malignancy. 

These findings are particularly useful in 
postmenopausal patients with adnexal 
masses. Normal postmenopausal ovaries 
are typically quiescent and small, with 
low-velocity (less than 20 cm/sec), high
resistance (resistive index ;::: 0.7) flow. 
Confusion with corpus luteal cysts, endo
metriosis, and pelvic inflammatory disease 
should not occur in this age group. The 
presence of an adnexal mass with high
velocity, low-impedance signals raises con-

siderable susplCIOn for carcinoma in an 
elderly patient. 

Uterine Abnormalites 

Color Doppler also plays a role in the eval
uation of uterine pathology. Through the 
demonstration of increased vascularity, 
color Doppler may improve the definition 
of fibroids and endometrial polyps. Fibroids 
may be highly vascular, and the vascularity 
is typically identified along the periphery 
of the mass. Spectral analysis may reveal 
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high-velocity, low-resistance flow, similar 
to tumor signals seen in ovarian cancer. 
This is a significant pitfall for the misdiag
nosis of ovarian cancer when the normal 
ispsilateral ovary is not identified with 
certainty. 

Color Doppler is especially helpful for 
confirming that a solid adnexal mass is a 
subserosal fibroid. We look for the vascular 
pedicle attachment between the fibroid and 
the uterine body to confirm the nature of 
the mass (Fig. 34-20). Correlation with MRI 
is helpful for difficult cases, when the 
uterine attachment is not well visualized. 
Color Doppler may also play a role in the 
evaluation of fibroid vascularity following 
uterine artery embolization. 

Uterine polyps may present as focal 
endometrial thickening or a mass. Identifi
cation of a feeding vessel assists in the char
acterization of focal endometrial lesions 
as polyps (Fig. 34-21) .  Sonohysterography 
improves the visualization of endometrial 
polyps and determines the size and number 
of endometrial lesions. 

The value of color and pulsed Doppler in 
the evaluation of endometrial carcinoma is 
controversia1.42,43 Color Doppler imaging 
may be utilized to display abnormal vascu
larity associated with endometrial thicken
ing. Low-impedance blood flow identified 
within a thickened endometrium during 
pulsed Doppler examination has been 
noted with endometrial carcinoma.44 As is 
the case with adnexal masses, there is con
siderable overlap between the Doppler 
appearances of benign and malignant 
conditions. Low-resistance signals are also 
associated with endometrial hyperplasia, 
polyps, submucosal fibroids, adenomyosis, 
endometritis, molar disease, and placental 
tissue. Doppler studies may aid in the deter
mination of the extent of tumor invasion 
and guide biopsy to regiOns of increased 
blood flow.4s 

We have had success with the identifi
cation of enlarged, tortuous parauterine 
vessels in patients with the pelvic con
gestion syndrome. Patients with this 
syndrome may present with complaints 
of nonspecific pelvic pain. Large venous 
varices are well visualized with endovaginal 
color Doppler imaging (Fig. 34-22). Mag-

A 

B 

c 
FIGURE 34-20. A, A solid hypoechoic mass (arrows) is 
identified adjacent to the uterus in this patient with 
pelvic pain. B, Color Doppler demonstrates the vascu
lar pedicle (arrows) to this subserosal fibroid. C, Pulsed 
Doppler interrogation of the vascular pedicle reveals 
characteristic uterine artery waveforms with the dia
stolic notch (arrow). 
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FIGURE 34-21 . A, Endovaginal scan reveals endometrial 
thickening (cursors) within the uterus (arrows) in this 
patient with irregular vaginal bleeding. B, Color Doppler 
demonstrates a feeding vessel (arrow) to the region of 
endometrial thickening consistent with a polyp. 
C, Sonohysterography confirms the presence of an 
endometrial polyp (arrows). C 

A B 
FIGURE 34-22. A, Color Doppler reveals large left parametrial venous varices (arrows) in this patient with chronic 
pelvic pain. B, Delayed three-dimensional magnetic resonance angiography reveals large left venous varices (arrows) 
consistent with pelvic congestion syndrome. 
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c 

netic resonance imaging is also utilized 
to assess for evidence of enlarged vessels, 
abdominal or pelvic mass, or venous 
thrombosis. 

Uncommon vascular lesions, including 
uterine vascular malformations, are also 
identified with color Doppler. Uterine 
arteriovenous malformations may appear 
as focal areas of uterine heterogeneity 
or a cystic, complex, or tubular mass, with 
or without prominent parametrial vessels 
on gray-scale imaging. Color Doppler will 
demonstrate increased vascularity in the 
region of the arteriovenous malformation. 
Pulsed Doppler will reveal high-velocity, 
low-resistance arterial signals consistent 
with arteriovenous shunting (Fig. 34-23) . 

FIGURE 34-23. A, Endovaginal scan shows a complex 
region with cystic spaces (arrows) in the uterus in this 
postpartum patient with pelvic pain. B, Color Doppler 
demonstrates tremendous vascularity in this region with 
turbulent flow (arrows) . C, Pulsed Doppler waveforms 
show marked low-resistance arterial flow consistent with 
an arteriovenous shunt pattern. This was confirmed at 
arteriography with subsequent embolization. 

CONCLUSIONS 

Multiple applications of color Doppler have 
been defined clinically, and color Doppler is 
currently a routine component of gynecol
ogical sonography. Attention to technique 
and understanding of color flow parameters 
is key to maximum sensitivity. Integration 
of clinical and sonographic information, as 
well as recognition of diagnostic pitfalls, 
improves diagnostic accuracy and reduces 
misinterpretation. 

Acknowledgments. I would like to rec
ognize Dr. Kenneth J. W. Taylor for his 
dedication, innovations, and outstanding 
contributions to the field of pelvic Doppler. 
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Chapter 
35 

Duplex Ultrasound Evaluation 
of the Male Genitalia 

This chapter has two components; the first 
considers duplex ultrasound assessment of 
the scrotal contents, and the second 
describes the role that ultrasound plays in 
the diagnosis of erectile dysfunction. In 
both sections, emphasis is given to color 
flow and Doppler diagnosis, in keeping with 
the focus of the text. Because the treatment 
of scrotal pathology is fairly brief, some 
readers may wish to acquire additional 
information by referring to general ultra
sound textbooks. 

THE SCROTUM 

Anatomy and Normal 
Sonograpic Features 

The anatomy of the scrotum, testis, and epi
didymis is illustrated in Figures 35-1 and 
35-2. As seen with ultrasound, each testis is 
homogeneous and medium in echogenicity 
(Fig. 35-3), with a smooth outer border but 
no visible capsule.1-1O In adults, each testis 
measures 3 to 5 cm in long axis and 2 to 
3 cm in short axis. The testes are relatively 
hypoechoic before the age of puberty and 
achieve adult echogenicity thereafter. In 
elderly individuals, they may also be rela
tively hypoechoic and somewhat heteroge
neous in echotexture. The mediastinum 
testis is seen regularly as a strongly echogenic 
band running along the margin of the testis. 
The epididymis is slightly more echogenic 
and coarse in texture than the testis. 

The arterial and venous anatomy of the 
testes is illustrated in Figures 35-4 and 35-5. 

In postpubertal boys and adults, blood 
vessels4-7,1l,12 are normally visible in and 
about the testis with color flow sonography 
(Fig. 35-6) . The capsular arteries, which 
course around the periphery, and the cen
tripetal arteries, which penetrate the 
parenchyma, are seen most easily. Flow in 
the centripetal arteries is from the capsule 
inward. Testicular veins follow the same 
pattern as the arteries and generally are 
readily visualized. Differentiation between 
arteries and veins is possible only with spec
tral Doppler. In about 50% of normal indi
viduals, one or more large artery/vein pair(s) 
may be seen to traverse the testis obliquely 
from the mediastinum to the opposite 

Tunica 
vaginalis -

I Spermatic cord 

FIGURE 35-1. Scrotal anatomy. Each testis and epi
didymis is suspended in a sac lined by the tunica 
vaginalis. 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


\---" i 660 i SECTION V Abdomen and Pelvis 
L __ � � __________________________________________________________________ � 

Ductus 

deferens-

,..-----'-f-- Mediastinum 

-Tunica 

albuginea 

testis 

Tunica vaginalis 

A 

Body and 

':--- tail of 

epididymis 

B 

Epididymis and 

ductus deferens 

FIGURE 35-2. Testicular anatomy. A, The testis is encapsulated by a tough fibrous layer called the tunica albuginea 
and is divided into chambers by fibrous septae that are not visible with ultrasound. Myriad seminiferous tubules 
converge at the head of the epididymis, where they coalesce to form a single, but highly convoluted, tube that 
ultimately becomes the ductus deferens. For descriptive purposes, the epididymis is divided into the head (located 
superiorly), the body, and the tail (located inferiorly). B, The tunica vaginalis is a thin tissue layer that envelops 
the testis and epididymis and lines the scrotal sac, forming the mediastinum testis . The arrangement is analogous 
to the chest, where the pleura envelops the lungs, lines the chest cavity, and encloses the mediastinum of the 
thorax. 

capsule.4,s These "transmediastinal" vessels 
may be visible on gray-scale images and 
should not be mistaken for pathology. 

Arterial flow in the testis and epididymis 
characteristically exhibits a low-resistance 
pattern on spectral Doppler assessment, 
including continuous flow in diastole (Fig. 
35-7). In contrast, a high-reSistance flow 
pattern is seen in extragonadal arteries, 
which are part of the cremasteric system. 
These arteries are occasionally visualized 
along the course of the spermatic cord. It is 
important not to mistake extragonadal flow 
signals for testicular flow. Peak systolic 
velocity in testicular arteries ranges from 
4 c�/sec to 19 cm/sec (mean 9.7 cm/sec), 
and end-diastolic velocity, from 1 .6 cm/sec 
to 6.9 cm/sec (mean, 3 .6 cm/sec)Y These 
values permit quantitative assessment of 
arterial flow when a sufficiently long arte
rial segment is visualized with color flow, 
allowing for angle correction of the Doppler 
signal. When angle correction is not possi
ble, spectral Doppler features are evaluated 
qualitatively. 

Sonographic Technique 

A linear array transducer with a frequency 
output of 7 MHz or higher is used to 
examine the testes, unless the scrotum is 
severely swollen and lower frequencies are 
required. A towel is draped over the penis 
for the sake of modesty and to keep it 
against the abdomen and out of the way. 
Several scanning approaches may be used. 
One method is to place towels between the 
patient's legs to support the scrotum, 
keeping both of the examiner's hands free. 
In another method, the examiner uses one 
hand to support to the scrotum and the 
other hand to maneuver the transducer. 
This method provides optimal control of 
the movable scrotal contents, but it requires 
a second individual to operate the ultra
sound controls. 

The first step in scanning the scrotal con
tents is to get oriented. The examiner then 
records a set of long- and short-axis images 
of each testis and epididymis, including 

text continued on p. 663 
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FIGURE 35-3. Normal sonography of the testes and epi
didymis. A, This longitudinal view of a normal testis 
demonstrates homogeneous texture and medium-level 
echogenicity. The mediastinum testis is visible as a 
slightly more echogenic region (aiTOWS). B and C, Lon
gitudinal views show the head (H), body (B), and tail (T) 

C of the epididymis. 

Capsular a. 

FIGURE 35-4. Vascular anatomy of the testis. The testicular (or spermatic) artery follows the course of the epi
didymal body through the mediastinum testis and gives off "capsular" branches that circle the periphery of the 
testis, beneath the tunica albuginea. The capsular arteries give off centripetal arteries that course through the testis 
toward the mediastinum and then loop back for a short distance as the recurrant rami. The venous drainage (not 
shown) parallels the arterial distribution . 
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Testicular a. 

Vesicular a. Vesicular v. 

Testicular v. 

Pampiniform 
plexus 

FIGURE 35-5. Arterial supply and venous drainage of the scrotal contents. Each testicular artery arises from the 
aorta and extends directly to the testicle and epididymis, following the course of the spermatic cord and the body 
of the epididymis. Structures other than the testis and epididymis receive arterial flow via the cremasteric and def
erential branches, which originate from the internal iliac arteries, as shown. Although the testicular arteries provide 
the principal arterial supply to the testis and epididymis, anastomotic channels exist among all of the scrotal arter
ies, permitting collateral flow. The venous drainage of each testis and epididymis is via a network of tiny veins 
called the pampiniform plexus. This network gradually coalesces to form two or three veins that follow the sper
matic cord and unite as the spermatic vein. On the left, the spermatic vein drains into the ipsilateral renal vein, 
and on the right, the spermatic vein drains into the inferior vena cava. 

662 

FIGURE 35-6. Normal testicular vessels. 
Longitudinal image shows capsular (1) 
and centripetal (2) arteries. 
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FIGURE 35-7. Low-resistance 
Doppler waveforms of normal 
testicular and epididymal flow. 
PckY, peak systolic veloCity. 

long- and short-axis testis dimensions. A 
composite transverse view showing both 
testicles simultaneously is also obtained, 
and this view is essential for comparing tes
ticular echogenicity. If both testes cannot be 
viewed simultaneously on a transverse view, 
separate images should be recorded side by 
side, using identical ultrasound settings. 
When pathologic findings are present, they 
should be portrayed in whatever image 
plane best documents the abnormality, but 
long- and short-axis views should be used 
whenever possible as an aid to orientation. 

The color flow examination may be con
ducted with color Doppler or power Doppler. 
In either case, the pulse repetition frequency 
must be set to detect very-low-velocity flow, 
and the wall filter must be low. Relatively 
high gain settings typically are needed, as 
the testicular vessels are quite small and 
produce weak Doppler signals. One method 
is to increase the gain until artifacts appear 
in the image and then back the gain down 
slightly. It is important to make the spectral 
waveforms appear large on the images by using 
an appropriate spectral display scale. If the 
waveforms are small, it is difficult to assess 
pulsatility patterns and compare testicular 
flow from one side to the other. 

Scrotal Masses 

Masses and masslike lesions of the scrotal 
contents may be caused by cysts, tumors, 
hematomas, inflammation, and abscesses. 
The location of the pathology, the gray
scale appearance, and the Doppler flow fea
tures are diagnostic in many cases. 

Testicular Cysts 

Cysts of the testis1,2,6,7,10,13 are idiopathic and 
benign. They also are fairly common, being 

seen in 8% of adults examined sonographi
cally. In most cases, a single testicular cyst 
is present, and it is uncommon to encounter 
more than three testicular cysts in a given 
individual. Most are 1 cm or less in diame
ter, but cysts as large as several centimeters 
are present occasionally. Cysts located on 
the testicular surface are called tunica cysts, 
since they are thought to arise in the tunica 
albuginea (fibrous layer that encapsulates 
the testis) . These cysts may be palpable, 
leading to ultrasound investigation. More 
deeply located cysts are thought to arise 
from dilation of spermatic tubules called the 
rete testes. These may not be palpable. 

The most important point about testicu
lar cysts is distinguishing between these 
benign lesions and other pathology, includ
ing tumors and abscesses. Testicular cysts 
(Fig. 35-8) have the following sonographic 
features: (1)  anechoic contents, (2) sharply 
defined borders and invisible wall, (3) 
enhanced through-transmission of ultra
sound, and (4) no blood flow within or 
surrounding the cyst (other than normal 
testicular vessels) . Cysts meeting these cri
teria are benign and inconsequential and 
require no follow-up. 

FIGURE 35-8. Testicular and epididymal cysts. This 
long-axis image shows both an epididymal (£) and a 
testicular (T) cyst. 
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Testicular Neoplasms 

Testicular neoplasms are classified and 
described briefly in Table 35_1 .1,2,14 These 
neoplasms occur most frequently between 
the ages of 25 and 35 years and almost 
always are malignant. The prognosis gener
ally is excellent, however, and 5-year sur
vival is 90%, overall, assuming timely use of 
surgery, radiation therapy, or chemother
apy.14 Testicular tumors usually present in 
one of two ways: as a palpable mass or with 
sudden pain and swelling due to hemor
rhage. It is not uncommon for the latter 
presentation to follow minor trauma. A 
small number of patients present with signs 
and symptoms resulting from metastases. 

Ultrasound can separate intra testicular 
and extra testicular pathology with about 
98% accuracy. 1 Nevertheless, ultrasound 
generally cannot differentiate among histo
logic types of testicular tumors, nor can it 
generally differentiate between malignant 
and (uncommon) benign varieties. Most 
testicular tumors are well-defined hypo
echoic leSions, but some may be poorly 
marginated or grossly infiltrating.1,7,1O,12,14-17  
They may exhibit some degree of internal 
heterogeneity due to hemorrhage and/or 
necrosis, and calcification is occasionally 
present. Vascularity is evident within testic
ular neoplasms on color flow examination, 
which is a very important differential 
feature. Cysts, hematomas, and abscesses do 

Table 35-1. Classification of Testicular 
Neoplasms 
Seminoma: Most common (400/0-50% 

primary testicular cancer). Least aggressive 
testicular cancer and exquisitely 
radiosensitive. Tends to occur in older age 
group. 

Mixed Germ Cell Tumor: Accounts 
for 40% of primary testicular neoplasms. 
Mixture of different germ cell types. 
Teracarcinoma/teratoma/embryonal cell 
carcinoma is most common and is an 
aggressive tumor. 

Embryonal Cell Carcinoma: Most 
aggressive primary germ cell tumor, as 
indicated by tunica invasion, testicular 
contour irregularity, and areas of hemorrhage 
or necrosis. 

not have internal vascularity. Testicular 
tumor vascularity (Fig. 35-9) is quite vari
able. Relative to the normal testis, some 
tumors are hypervascular, while in others, 
vascularity is similar to the normal testicle 
or even diminished.4, 10-12,14, 16,17 In most 
tumors, focal dots or clumps of color are 
seen, with the occasional visualization of a 
linear vascular structure. The distribution of 
tumor blood vessels also is variable, with 
some lesions showing an orderly distribu
tion of blood vessels and others, a chaotic 
distribution. In addition, large avascular 
areas may be present, due to necrosis and 
hemorrhage. Spectral Doppler generally 
shows low-pulsatility flow features in tumor 
vessels, which is typical of malignant 
neoplasms, regardless of location. Flow 
velocities are elevated substantially in 
hypervascular tumors but may be in the 
range of normal testicular vessels in less vas
cular lesions. Horstman and colleaguesl2 
found that testicular tumors larger than 1 .6  
cm were likely to  be  hypervascular, while 
smaller lesions tended to be hypovascular. 
Testicular microlithiasis, shown in Figure 
35-9, has been associated with increased 
risk of testicular cancer in some series, but 
the level of risk and follow-up reqUirements 
remain controversial. 16 

Testicular Tumor Mimics 

Lesions that can mimic the appearance of 
neoplasms include abscesses, inflamed areas 
(without frank abscess formation), contu
sions, hematomas, and infarcts. 1,7,IQ,14,18,19,20 
The sonographic appearance of these 
lesions is nonspecific, as discussed later. 
Color and spectral Doppler features are of 
considerable importance in differentiating 
among these etiologies. No flow is present 
in abscesses, infarcts, and hematomas, but 
flow may be present in the periphery of 
abscesses. 

Epididymal Cysts 

Epididymal cysts1,2,7,IQ,14 are much more 
common than testicular cysts, being found 
in about 40% of adult males examined 
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FIGURE 35-9. Seminoma. 
A, Color Doppler sonogram 
of small testicular seminoma 
(arrows) demonstrating a few 
blood vessels at the periphery 
and within the malignant tes
ticular tumor. The punctate, 
strong reflections are caused by 
microlithiasis, which has been 
associated in some series with 
increased risk for testicular 
neoplasia. B, Color Doppler 
sonogram of a large testicular 
seminoma demonstrating disor
ganized blood vessels through
out the tumor. 
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sonographically.l Most are located in the 
epididymal head, but cysts may occur any
where in the epididymis. They may be 
single, multiple, unilateral, or bilateral. In 
some cases they are palpable, while in 
others they are found inCidentally. Unlike 
testicular cysts, which usually are unilocu
lar, epididymal cysts may be septated or 
even multilocular. Most are 2 to 3 mm in 
diameter, but larger cysts are common, and 
some may be several centimeters in size. 
The etiology of epididymal cysts is not 
entirely clear, and most are considered idio
pathic. Some are spermatoceles, which are 
encapsulated collections of sperm. 

The great majority of epididymal cysts 
have the same features as those described 
previously for testicular cysts, but there are 
other variations. Some may be septated or 
multilocular (see Fig. 35-8) and others may 
contain diffuse or dependent low-level 
echoes. It is hypothesized that the latter are 
spermatoceles, but this assumption has not 
been proven. From a diagnostic perspective, 
it is most important to document that 
benign epididymal cysts have no solid 
components, have exquisitely thin walls 
that are not visible sonographically, and 
show no visible blood flow on color flow 
examination (except for normal epididymal 
vessels) . 

Other Epididymal Masses 

Other than cysts, the only common 
mass lesions of the epididymis are hema
tomas, abscesses, and inflammatory 
masses.1,2,8,14,19,20 Tumors of the epididymis 
are uncommon, and their sonographic fea
tures are not well described in the medical 
literature. An important feature, however, 
is the presence of blood flow within the 
tumor, which is not present in some other 
lesions. Hematomas of the epididymis or 
spermatic cord usually occur in the context 
of recognized trauma but may occur spon
taneously and in association with vigorous 
exercise. An epididymal hematoma usually 
presents as a hard, palpable (and possibly 
tender) mass that may mimic a neoplastic 
mass on physical examination. On ultra
sound, a hematoma usually has a nonspe-

cific, hypoechoic, or heterogeneous appear
ance, Most importantly, blood flow is 
absent in and around the lesion (except for 
normal vessels) on color flow examination. 
Abscesses and inflammatory masses are dif
ferential considerations and are discussed 
later. 

Epididymitis and Orchitis 

Infection is the most common cause of 
acute scrotal pain and tenderness.14 In the 
great majority of cases, the infec
tion2,6,7,1O,12,13,1 7, 18,21-23 is caused by sexually 
transmitted organisms (principally Neisseria 
gonorrhoeae and Chlamydia trachoma tis) that 
"ascend" through the genital tract. The tail 
of the epididymis is infected first, and then 
the infection spreads throughout the epi
didymis (epididymitis) . The infection may 
then extend to the testis (orchitis) and 
finally to the scrotal cavity, generating an 
infected hydrocele. Orchitis typically is 
present by the time patients seek medical 
care. 10 

Ultrasound is a very useful method for 
confirming the diagnosis of epididymitis or 
orchitis and for excluding other pathology 
that may cause acute scrotal pain or 
swelling. The key findings are enlargement 
and decreased echogenicity of the affected 
structures, accompanied by increased blood 
flow (hyperemia) on color or spectral 
Doppler examination2,6,7,10,12, 18,21-23 (Fig. 
35-10). Because orchitis usually is present 
by the time the patient seeks care, involve
ment of both the testis and epididymis 
may be evident sonographically; however, 
in some patients, epididymal involvement 
may predominate. A hydrocele (excess 
scrotal fluid) often is present, and the scrotal 
wall may be edematous and/or inflamed. In 
some cases of epididymitis/orchitis, the 
ultrasound findings may be dramatic. 
In other instances, findings are less obvious 
and are based solely on side-to-side com
parison of structure size, echogenicity, and 
blood flow. Obviously, side-by-side compar
ison is not helpful in cases of symmetrical, 
bilateral infection; nevertheless, hyperemia 
of the scrotal contents may still be evident 
in such cases. It is noteworthy that a focal, 
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c 8 
FIGURE 35-10. Epididymo-orehitis . A, Luxuriant blood flow is present in this infected testis. Peak systole is 
1 7.1 em/sec. B, In another patient, increased blood flow is present throughout the head (H), body (B), and tail 
(T) of the infected left epididymis. C, Doppler examination shows massively increased blood flow (peak systole, 
26.6 em/sec) in the left epididymis, as compared with the right ( 7 .4 em/sec). 

hypoechoic area of inflammation may be 
seen in the periphery of the testis, adjacent 
to an infected epididymal head. This should 
not be mistaken for a testicular tumor but 
should be followed for resolution with 
antibiotic treatment. 

The sonographic diagnosis of epididymo
orchitis generally is straightforward, but 
mimics occasionally may cause misdiag
noses; namely, hyperemia following detor
sion of a testis (considered later) and 
diffusely infiltrating lymphoma or leuke
mia.24 The epididymis and testis usually 
return to a normal sonographic appear
ance following an episode of infection, but 
in severe cases, testicular atrophy or infarc
tion may occur. Atrophy is a noteworthy 
complication of mumps orchitis. 

Abscesses may occur in the epididymis 
or testis in severe cases of epididymo-

orchitis. These appear as heterogeneous 
masses or as fluid collections with irregular 
walls, possibly containing diffuse or de
pendent debris. IJ;lcreased blood flow due 
to hyperemia may be apparent in the sur
rounding tissues, either focally or diffusely. 
In our experience, testicular abscesses are 
seen acutely rather than as chronic 
processes. Epididymal abscesses, however, 
may be chronic, and as a result, hyperemia 
may not be evident, causing a chronic 
abscess to be indistinguishable from other 
extratesticular masses. 

In unusual cases of acute epididymo
orchitis, infection may spread to the scrotal 
sac, producing an infected hydrocele. The 
sonographic manifestation is echogenic 
debris within the hydrocele fluid, either dif
fusely or dependently, and possible locula
tion of the hydrocele. These findings are 
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nonspecific, however, and may also be seen 
with chronic hydroceles in the absence of 
active infection. Therefore, infected hydro
cele should be suggested only when there 
are concomitant findings of acute infection 
in the epididymis and/or testis. 

Most cases of epididymo-orchitis are 
treated successfully and resolve, but 
untreated or incompletely treated cases may 
present with findings of chronic epididymi
tis, which may be manifested as diffuse 
thickening and heterogeneity of the epi
didymis or as a focal, heterogeneous 
epididymal mass. As noted previously, 
increased blood flow may not be a feature 
of chronic epididymitis. Hydrocele may also 
be present, and this may be loculated or 
may contain echogenic material. 

Varicocele 

Varicocele, or dilation of the pampiniform 
venous plexus, is a common cause of a 
palpable epididymal mass and scrotal dis
comfort.1,2,7,1O, 13,2S,26 In some individuals, a 
varicocele contributes to low sperm count, 
decreased sperm motility, and infertility. 
These problems have been attributed to per
sistent, hyperemia-induced elevation of tes
ticular temperature, but the real cause may 
be more complex and is not known with 
certainty. 

The veins of the pampiniform plexus, 
which drain the testis and epididymis, nor
mally are quite small, but these may dilate 
due to valvular incompetence and/or ele
vated pressure, forming a tangle of enlarged 
veins along the course of the spermatic cord 
and epididymis. In unusual cases, dilated 
veins may even extend into the substance 
of the testis. Varicoceles are more common 
on the left side of the scrotum than the 
right, pOSSibly due to elevated pressure in 
the left spermatic vein. The left spermatic 
vein inserts into the left renal vein, which 
drapes across the aorta and may be com
pressed between the aorta and superior 
mesenteric artery, raising venous pressure. 
The right renal vein drains into the inferior 
vena cava directly and is not subject to com
pressive effects. Because of the left side pre
dominance of varicocele, the possibility of 

neoplastic spermatic vein obstruction (due 
to intra-abdominal lymphadenopathy) 
should be considered when a varicocele is 
isolated to the right cord/epididymis. It is 
commonly suggested that an abdominal 
computed tomogram be obtained in such 
cases. In addition, the sonographer should 
examine the abdomen for evidence of 
retroperitoneal adenopathy in the vicinity 
of the aorta and inferior vena cava at the 
time of the scrotal examination. 

Varicocele usually is a clinical diagnosis, 
as the tangle of veins is easily palpated and 
feels like a "bunch of worms." Ultrasound is 
required when the nature of the palpable 
mass is unclear or when pain or tenderness 
is present, as well as in men who experience 
infertility. Varicocele is diagnosed with 
color flow ultrasound when numerous veins 
of unusually large size are seen along the 
spermatic cord or epididymis, as shown in 
Figure 35-1 1 .  In all cases, the extent of the 
varicosities should be documented, and the 
largest veins should be measured, as dis
cussed later. The presence of reflux within 
the veins should be investigated by having 
the patient perform the Valsalva maneuver 
during color flow observation. Normal 
pampiniform veins are barely detectable, so 
from one perspective, varicocele can be 
diagnosed whenever veins of unusual size 
and number are readily seen. More specific 
diagnosis may be important, however, in 
men with pain or infertility, in whom a 
decision must be made concerning the 
potential benefit of therapy. In this respect, 
veins 2 mm in diameter or less are generally 
regarded as not substantially dilated, while 
larger veins are considered varicose, espe
cially those with a diameter of 3 mm or 
larger.2,13,2S,26 This definition includes veins 
reaching this size with the patient in posi
tions not typically used during ultrasound 
examination (e.g., standing, squatting) and 
in any state of respiration, including strain
ing or performing the Valsalva maneuver. 
The demonstration of reflux in the veins is 
further evidence of potential clinical signif
icance. Although sonographic criteria such 
as these are used in an attempt to define 
the clinical significance of a varicocele, 
decisions concerning the need for veno
occlusive therapy are multifactoral and are 
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A B 
FIGURE 35-11. Varicocele. A, Gray-scale imaging shows a serpiginous vein measuring 4 mm in diameter in the 
head and body of the epididymis. T, testicle. B, Color Doppler confirms that the structure seen in A is a vein and 
shows additional dilated veins. 

more a matter of clinical judgment than of 
specific ultrasound criteria. 

Testicular Torsion 

Torsion refers to twisting of the testis within 
the scrotal sac, such that the arteries and 
veins are compressed and blood flow is com
promised. 2, 10, 12, 13, 17, 18,21,22,27-36 Torsion results 
from abnormal mobility of the testis, due 
to narrow attachment of the testis to the 
scrotal wall by the reflection of the tunica 
vaginalis (see Fig. 3S-2B). Normally, the 
parietal layer of the tunica vaginalis lines 
the inner wall of the scrotal sac until it 
reaches the edge of the testicle, where it 
reflects over the testicle, forming the vis
ceral layer of the tunica vaginalis. The 
portion of the testicle that is not covered by 
the visceral layer of the tunica vaginalis is 
closely held against the scrotal wall and 
called the "bare area." Vessels and tubules 
from the spermatic cord enter and leave the 
testicle across the bare area. When the bare 
area is abnormally small (an abnormality 
called the "bell clapper deformity"), the 
attachment of the testicle to the scrotal wall 
is narrow and the testicle is at risk for 
torsion due to twisting at this attachment. 

Torsion usually occurs in children or 
young adults, and two peaks of incidence 

have been noted: the neonatal period and 
puberty. Although scintigraphy continues 
to be utilized for testicular torsion diagno
sis, color Doppler ultrasound has become 
the predominant diagnostic method. Ultra
sound is reported to be 86% to 100% 
sensitive and virtually 100% specific for 
diagnosing testicular torsion.27-32 

The pathologic sequence of events with 
torsion begins when the spermatic cord 
twists, with a rotation of at least 360 
degrees, at the bare area. This causes venous 
obstruction, leading to swelling and 
increased pressure inside the testicle and 
within the spermatic cord. Subsequently, 
arterial flow becomes occluded and testicu
lar ischemia results, progressing to infarc
tion if detorsion does not occur surgically or 
spontaneously. 

The pathologic process of torsion can be 
divided into acute torsion, during which the 
testicle suffers ischemia but can be saved if 
detorsion occurs, and missed torsion, the 
stage after which testicular infarction has 
occurred to the point that the testicle 
cannot be saved even if detorsed. The testi
cle is almost always salvageable during the 
first 6 to 10 hours of torsion and is progres
sively less likely to be salvageable thereafter. 
In virtually all cases of torsion lasting more 
than 24 hours, the testicle cannot be 
saved. 2, 12, 17, 18,2 1,22 
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Early on after the onset of torsion, the tes
ticle may appear normal in echotexture. 
During this time, the only abnormal gray
scale sonographic findings may be in the 
spermatic cord and epididymis, which may 
appear as a thick echogenic structure with 
acoustic shadowing due to twisting.33,34 On 
Doppler, blood flow will be diminished or 
absent in the testicle or the knotted cord 
and epididymis. As the torsion persists and 
blood flow remains occluded, the testicle 
becomes enlarged and mildly hypoechoic, 
due to swelling and edema. At this time, a 
small hydrocele is sometimes seen. With 
color Doppler, flow remains diminished or 
absent in the testicle and epididymis. If 
there is further progression to the develop
ment of testicular necrosis, the testicle 
becomes mottled and heterogeneous with 
hypoechoic areas, and the scrotal wall 
becomes thickened. 

A 

B 

Gray-scale and Doppler findings are key 
to the diagnosis of testicular torsion. The 
examination should begin with gray-scale, 
including side-to-side comparison of testic
ular size and echogenicity and assessment 
of the epididymis to look for the knotted 
cord (Fig. 35-12) . Color Doppler should 
then be performed for side-to-side assess
ment of blood flow. With testicular torsion, 
differences in perfusion, including absence 
or marked diminution of blood flow on the 
affected side, will be found. If blood flow is 
still present on the affected side, spectral 
waveforms typically demonstrate high
resistance flow, as compared with the low
resistance flow in the normal testicle. 

Rarely, detorsion of the testicle occurs 
prior to the sonographic and Doppler assess
ment.6,17,21,22 In such cases, the affected tes
ticle may be hyperemic as compared with 
the normal testicle. In these cases, the knot 

FIGURE 35-12. Testicular tor
sion. A, Transverse (TRV) views 
of right (RT) and left (LT) testi
cles demonstrate flow in several 
vessels on the left (arrow) and 
no flow in the right testicle due 
to acute torsion. The right testi
cle is markedly swollen and 
hypo echoic compared with the 
left. B, Transverse views of right 
and left testicles demonstrate 
flow in several vessels on the 
left (arrow) and no flow in the 
right testicle due to acute 
torsion. The knot of the twisted 
cord and epididymis (arrow
heads) is seen adjacent to the 
testicle. 
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of the twisted cord and epididymis will not 
be present. 

There are several pitfalls with respect to 
testicular torsion diagnosis.2,17,18,21,22,27 First, 
blood flow is cut off completely only with 
fairly marked levels of torsion (360 degrees 
or greater) . With lesser degrees of torsion, 
Doppler may be subtly abnormal or even 
normal. Second, appreciating side-to-side 
differences in blood flow may be problem
atic in young children, because the testicles 
may be small and blood flow may be diffi
cult to detect even in a normal testicle.3s,36 
Third, a torsed testis may undergo sponta
neous detorsion, followed by a period of 
hyperemia. If the testis is examined during 
the hyperemic period, increased blood flow 
may be mistaken for orchitis, or torsion may 
be ascribed to the wrong testis. 

Scrotal Trauma 

Penetrating scrotal trauma usually requires 
surgical exploration and is not generally the 
subject of ultrasound examination. Ultra
sound is useful, however, in concussion or 
crush injuries of the scrotum, which are dif
ficult to evaluate clinically because of pain 
and scrotal swelling.10,12,18,22,37-41 The primary 
role of ultrasound is to determine whether 
the testes are intact and to assess perfusion. 
Improved salvage of traumatized testes can 
be achieved if testicular rupture is recog
nized early and treated surgically. When 
testicular rupture is likely, based on the 
nature of the crush/contusion injury, then 
surgery is required and ultrasound may not 
have a role in patient management. Sonog
raphy is most useful when conservative 
(nonsurgical) management is anticipated. If 
the testes appear intact, conservative man
agement is supported, but if there is evi
dence of rupture or if there are large 
nonperfused areas or a complete lack of per
fusion (due to torsion), surgery is necessary. 

A large hematocele (blood-filled scrotum) 
typically is present in trauma patients due 
to hemorrhage from the testis or other 
scrotal contents. The injured testis may be 
heterogeneous due to hematoma forma
tion or infarction. Focal hematomas vary 
in echogenicity according to their age. 

Acute hematomas tend to be moderately 
echo genic, and older hematomas, hypo
echoic. Infarcted areas are isoechoic or 
hypoechoic. Color Doppler shows absent 
perfusion in both hematomas and infarcted 
areas; therefore, this does not differentiate 
one from the other. Fractures of the testicu
lar tissue may be visualized as hypoechoic 
clefts that may or may not be associated 
with disruption of the tunica albuginea (tes
ticular surface) . If the testicular surface is 
clearly disrupted or tissue is extruded from 
the testis, the term testicular rupture is used, 
and this finding implies disruption of the 
tunica albuginea. This distinction is impor
tant, as fractures may not be surgical 
lesions, whereas rupture is generally treated 
surgically. The most useful signs of testicu
lar rupture are distortion of the shape of the 
testicle, the detection of a frank cleft in 
the testicular surface, or the detection of 
extruded testicular tissue. 10,37,38,41 Hetero
geneity is also associated with rupture due 
to intratesticular hemorrhage and contu
sion, but this finding may also be present 
without rupture. 

The epididymis also may be injured, with 
or without associated testicular injury. Epi
didymal trauma is manifested by swelling 
and heterogeneity due to hemorrhage. Focal 
hematoma formation may also occur. 

Color Doppler is used in blunt testicular 
injury to detect avascular areas representing 
infarction of testicular parenchyma or 
hematoma formation. Color Doppler may 
also detect the absence of venous or arterial 
flow due to post-traumatic torsion of the 
testis. Finally, large scrotal hematoceles may 
cause sufficient pressure to obstruct venous 
drainage, which is diagnosed through the 
absence of venous flow signals on Doppler 
examination. 

The value of ultrasound in nonpenetrat
ing scrotal trauma is well recognized, yet 
it appears that sonography is a less
than-perfect diagnostic method.37-41 Statis
tics are limited because published series are 
small; however, it is clear that ultrasound 
cannot detect fractures reliably and even 
misses testicular rupture in some cases; fur
thermore, some testes that appear ruptured 
(even with apparent extrusion of testicular 
tissue) are found at surgery to be intact. In 
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the latter cases, it appears that thrombus 
adherent to the testis may mimic tunica 
rupture and tissue extrusion. Epididymal 
injuries also may be difficult to detect due 
to absence of sonographic findings or 
obscuration by adherent thrombus. 

ERECTILE DYSFUNCTION 

Penile Anatomy 

The normal penis comprises three columns 
of spongy tissue, each encased by a dense 
fibrous sheath. Two of the columns, the 
paired corpora cavernosa, lie in parallel on 
the dorsal side of the penis. The corpora 
cavernosa contain multiple sinusoidal 
spaces with smooth muscle in their walls, 
and it is this spongy tissue that expands and 
fills with blood during an erection. The 
tunica albuginea is the dense fibrous sheath 
that encapsulates the sinusoidal tissue, 
providing structure and support when the 
penis is erect. 

Along the ventral side of the penis runs 
the corpus spongiosum. This column of 
spongiosal tissue surrounds the urethra, 
which remains in a collapsed state except 
during active urination. The corpus spon
giosum is usually smaller than the corpora 
cavernosa, except at its distal end, where it 
broadens to form the glans penis. The spon
giosal tissue of the corpus spongiosum 
expands somewhat with erection but not 
to the extent that the cavernosal tissues 

expand. The three columns of tissue are sur
rounded by a layer of subcutaneous tissue 
and skin. 

. Arterial blood supply to the penis is via 
bilateral penile arteries, each a branch of the 
internal pudendal artery. The penile artery 
has two main branches, the dorsal artery 
and the cavernosal artery. The dorsal 
artery travels along the dorsal side of the 
penis lateral to the midline dorsal vein and 
supplies blood to the glans penis and the 
corpus spongiosum. It has few or no 
branches before it reaches the glans penis. 
The cavernosal artery travels centrally 
within the corpus cavernosum and supplies 
blood to the cavernosal sinusoids via multi
ple branches called helicine arteries that 
extend radially from the cavernosal artery 
(Fig. 35-13) .  Most men have a single 
cavernosal artery on each side; however, 
anatomic variants of cavernosal blood 
supply are common. In some cases, the cav
ernosal artery arises from the dorsal artery. 
In other cases, more than one cavernosal 
artery is present. During the generation of 
an erection, flow in the cavernosal arteries 
and helicine branches is markedly in
creased. 

The venous drainage from the corpora 
cavernosa is via small veins that perforate 
the tunica albuginea to drain into the deep 
dorsal vein. Toward the base of the penis are 
small crural veins that drain into the deep 
pelvic veins to the internal pudendal vein. 
When the peniS is erect and the corpora cav
ernosa are expanded, the small draining 

FIGURE 35-13. Cavernosal ar
tery and helicine branches. 
Longitudinal color Doppler 
sonogram of corpus cavernosum 
demonstrating flow in the 
cavernosal artery (arrow) that 
courses through the middle of 
the corpus cavnernosum. Small 
helicine branches (arrowheads) 
extend radially from the caver
nasal artery. 
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veins are occluded by stretching of the 
tunica albuginea. 

Erectile Function 

The physiologic process of a normal erec
tion begins with increased parasympathetic 
motor nervous activity to the penis, involv
ing sacral nerves two, three, and four. The 
parasympathetic motor activity causes the 
smooth muscle in the walls of the caver
nosal sinusoids to relax, allowing the 
sinusoids to expand and decreasing the 
resistance to incoming blood flow. At 
the same time, the cavernosal arteries dilate 
and carry increased blood flow into the 
penis. The sinusoids fill with blood, and 
the corpora cavernosa expand and stretch 
to become rigid. With expansion of the 
corpora cavernosa, the draining veins are 
occluded, preventing blood from leaving 
the dilated sinusoids. Once the cavernosal 
sinusoids are filled, the cavernosal arterial 
blood flow decreases because of increased 
resistance within the corpora cavernosa. 
Continued parasympathetic nervous activ
ity maintains the erection.42 

Normal erectile function requires normal 
psychological health, normal endocrine 
balance, intact innervation to the penis, 
normal cavernosal sinusoids, adequate arte
rial blood supply, and normal venous occlu
sion with erection. Abnormalities of any of 
these systems may lead to erectile dysfunc
tion. Impotence can be classified as organiC, 
in which a physiologic abnormality is 
present, or psychogenic, in which impo
tence is due to psychological factors. 
Among men with previously normal erectile 
function who seek medical attention for 
impotence, an organic cause is found in 
SO% to 90%.43-45 

The vast majority of patients with organiC 
impotence have hemodynamic abnormali
ties: arterial insufficiency, venous incompe
tence, or both. Arteriogenic impotence 
occurs as a result of stenoses or occlusions 
that limit blood flow to the penis even in 
the presence of parasympathetic stimula
tion. If maximum flow is inadequate to fill 
the cavernosal sinusoids, tumescence and 
rigidity cannot occur. Without adequate 

filling of the corpora cavernosa, draining 
veins are not occluded but rather continue 
to carry blood away from the corpora cav
ernosa.42,46 Arteriogenic impotence occurs 
most commonly in men with risk factors for 
atherosclerosis, including diabetes mellitus, 
hypertension, hypercholesterolemia, and 
smoking.47,48 

Patients with �ild to moderate arterial 
insufficiency in the absence of venous 
incompetence can often be successfully 
treated with self-injection therapy using 
prostaglandin E1 or oral therapy with sil
denafil citrate (Viagra). Patients with severe 
arterial insufficiency usually require a penile 
implant to restore sexual functionY 

Venous incompetence results from failure 
of occlusion of the draining veins, despite 
adequate filling of the cavernosal sinusoids. 
Patients may experience partial erections, 
but rigidity cannot be fully achieved or 
maintained. 

Other penile abnormalities, including 
scarring within the corpora cavernosa or 
involving the tunica albuginea, may also 
cause impotence. Scarring or fibrosis of 
sinusoidal tissue prevents that area of the 
corpora from expanding when an erection 
is developing. The sinusoidal tissue around 
the scar fills with blood and pulls on the 
abnormal area, causing penile curvature. If 
the scarring is severe, expansion of the sur
rounding sinusoids may also cause pain, 
leading to detumescence. 

When scarring affects the tunica albu
ginea that surrounds the corpora cavernosa, 
the tunica becomes thickened and may 
even calcify. Calcified plaques of the tunica 
are called Peyronie's disease. Plaques involv
ing the tunica albuginea most often cause 
painless curvature with erection. Some
times, as with cavernosal plaques, there may 
be enough pain from the plaque with an 
erection that detumescence results. 

Sonography 

Sonographic evaluation of the peniS is per
formed with high-frequency (7- to IS-MHz) 
linear transducers. The transducer is placed 
directly on the peniS, and longitudinal and 
transverse images are obtained. The corpora 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


16 741 SECTION V Abdomen and Pelvis L ___ ._ .. I L...-________________________ ----' 

of the normal penis have homogeneous 
echotexture. The two corpora cavernosa 
should be symmetric in size (Fig. 35-14) . 
Within the corpora cavernosa, the bright 
walls of the cavernosal arteries may be seen 
in some areas (Fig. 35-15) .  The tunica albu
ginea surrounding the cavernosal tissue 
appears as a thin echogenic line encasing 
the corpora (see Fig. 35-14) . The corpus 
spongiosum is usually smaller than the 
corpora cavernosa but has similar echo
genicity to the flaccid corpora. The urethra 
cannot be seen when it is collapsed. 

When the penis is erect, the corpora cav
ernosa are larger, and the spongiosal tissue 
has a speckled appearance with small an
echoic areas representing dilated sinusoids, 
separated by the brightly echogenic sinu
soidal septa (Fig. 35-16). The cavernosal 
arteries are dilated, and their walls are 

FIGURE 35-14. Normal non erect penis. 
Transverse sonogram demonstrating two 
symmetric corpora cavernosa-right 
corpus cavernosum (RCC; arrow) and left 
corpus cavernosum (LCC; arrow)-dor
sally and the corpus spongiosum (CS; 
arrow) ventrally. The tunica albuginea is 
seen as a thin line (thick· arrows) encap
sulating the corpora cavernosa. 

brightly echogenic (Fig. 35-1 7) because they 
are surrounded by blood-filled sinusoids. 

Scarring of the corpora cavernosa or 
tunica albuginea can be diagnosed by ultra
sound. Scars of the corpora cavernosa 
appear as irregular echogenic areas within 
the corpora (Fig. 35-18) .  With an erection 
and dilation of the surrounding sinusoids, 
the scars become more prominent and 
easier to delineate. Tunical plaques appear 
sonographically as focal areas of thickening 
of the tunica albuginea. Calcification in the 
plaque is brightly echogenic and casts an 
acoustic shadow (Fig. 35-19) .  

Doppler Evaluation 

Color Doppler and pulsed Doppler assess
ments are used to evaluate the hemody-

FIGURE 35-15. Cavernosal artery in 
non erect penis. Longitudinal sonogram 
of the right corpus cavernosum demon
strating cavernosal artery (calipers; 
arrows) within sinusoidal tissue. The 
walls of the cavernosal artery are 
echogenic. 
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FIGURE 35- 1 6. Erect penis. Transverse 
sonogram demonstrating the enlarged cor
pora cavernosa (arrows) with a speckled 
appearance because of blood-filled sinus
oids . 

namic function of the penis. Doppler 
assessment is performed after intra caver
nosal injection of a vasoactive pharmaco
logic agent to induce and maintain an 
erection. Either papaverine or prostaglandin 
El , both of which induce an erection by 
causing sinusoidal smooth muscle relax
ation and dilation of the cavernosal arteries, 
can be used. The dose for papaverine is 
usually 30 to 60 mg, and that for pros
taglandin El, 10 to 15 /-lg. The pharmaco
logic substance is injected directly into one 
corpus cavernosum using a small-gauge 
needle. A single injection acts on both 
corpora via multiple communications 
across the intercavernosal septum. Before 
injection, some examiners place a tourni
quet at the base of the penis to prolong the 
local effect of the agent, leaving the tourni-

FIGURE 35-17. Cavernosal artery in erect 
penis . Longitudinal sonogram of the right 
corpus cavernosum demonstrating the caver
no sal artery (calipers; arrows) with brightly 
echogenic walls running through blood-filled 
sinusoids. 

quet in place for 2 to 3 minutes until 
Doppler assessment is begun. Immediately 
after injection, some examiners use vibra
tory stimulation or ask the patient to man" 
ually stimulate the penis to promote the 
action of the drug . .  

Doppler assessment should begin 2 to 
3 minutes after injection by obtaining 
Doppler waveforms from both cavernosal 
arteries and measuring the peak systolic 
velocity in each (Fig. 35-20) . The wave
forms are most easily obtained by scanning 
from the dorsal side of the penis, using color 
Doppler assessment, if necessary, to help 
localize the cavernosal artery (Fig. 35-21) .  
Arterial waveforms should be obtained at 
2- to 3-minute intervals until the peak sys
tolic velocity is above 35 cm/sec or has 
plateaued. Once the penis has reached 
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FIGURE 35-18. Sipusoidal scarring. A, Trans
verse sonogram demonstrating echogenic 
plaques (arrows) within both corpora caver
nosa. B, Longitudinal sonogram demonstrat
ing sinusoidal plaque (arrows) . 

FIGURE 35-19. Peyronie's disease. A, Trans
verse sonogram demonstrating brightly 
echogenic calcified plaque (arrow) in midline, 
located dorsally between the corpora caver
nosa. B, Longitudinal sonogram of calcified 
plaque (calipers) with acoustic shadowing 
behind calcification (arrow). 

m
ed

ip
ict

ure
.co

m

Visit Bangladeshresult24.com regularly to get latest medical books

m
ed

ip
ict

ure
.co

m

Visit medipicture.com regularly

http://medipicture.com
http://medipicture.com
http://medipicture.com
http://medipicture.com


�------------------------------------------------------------------------� r--i 
CHAPTER 35 Duplex Ultrasound Evaluation of the Male Genitalia 1 67 7 1  

� ________________________________________________________________________ � l� 

FIGURE 35-20. Normal cavernosal 
arterial waveform. Longitudinal 
sonogram with the Doppler wave
form below, taken after injection of 
papaverine, demonstrating normal 
high velocities and low-resistance 
flow. Peak velocity is 42 em/sec 
(0.42 m/sec; arrow). 

maximal tumescence or the peak systolic 
velocity has plateaued, which usually occurs 
8 to 10 minutes after injection but may be 
as long as 15 to 20 minutes in anxious 
patients,49-52 the end-diastolic velocity is 
measured from the cavernosal arterial wave
form. At this time, flow is also assessed 
in the deep dorsal vein by scanning the 
vein from the ventral side of the penis 
using color Doppler or pulsed Doppler 
assessments.45,49-51,53-55 

FIGURE 35-21. Color Doppler assessment of cavernosal 
artery. Longitudinal sonogram with the color Doppler 
image demonstrating flow in the cavernosal artery 
(arrow) located centrally within the corpus caver
nosum. 

The blood flow in men with normal 
hemodynamic function follows a pre
dictable pattern during generation of an 
erection. Initially, in the flaccid state, 
Doppler waveforms of the cavernosal arter
ies demonstrate a high-resistance pattern, 
with low systolic peaks and absent or 
reverse diastolic flow (Fig. 35-22), and 
no flow is demonstrated in the deep 
dorsal vein. Two to three minutes after 
intracorporal injection of papaverine or 
prostaglandin E1, the smooth muscles in 
the cavernosal sinusoids relax, leading 
to increased arterial inflow and a low
resistance arterial waveform, typified by 
high diastolic flow (Fig. 35-23).  As the high 
flow continues in the cavernosal arteries 
and the sinusoids filt the waveform 
changes to a higher-resistance pattern with 
sharp systolic waveforms and diminished or 
absent diastolic flow (Fig. 35-24) . The peak 
systolic velocity increases over the first 
several minutes after injection, up to a 
maximum that exceeds 35 cm/sec in most 
normal men.53,56-58 Because some men who 
achieve normal erections have peak systolic 
velocities between 30 and 35 cm/sec, some 
researchers classify patients with peak flows 
of 30 cm/sec or greater as norma1.48,50,55 
With full tumescence, peak systolic veloci
ties decline and there is absent or even 
reverse end-diastolic flow (Figs. 35-25 and 
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FIGURE 35-22. Cavernosal arte
rial waveform in the nonerect 
penis. Longitudinal sonogram 
with a Doppler waveform below 
demonstrating minimal arterial 
flow with short systolic peaks 
(arrows) . 

FIGURE 35-23. Cavernosal arterial 
waveform during the generation 
of erection. Longitudinal sono
gram with a Doppler waveform 
below demonstrating low-resist
ance flow with normal systolic 
peak velocity of 47 em/sec (0.47 
m/sec; arrow). 

FIGURE 35-24. Cavernosal arte
rial waveform after full erection 
is achieved. Longitudinal sono
gram with a Doppler waveform 
below demonstrating sharp sys
tolic peaks with normal peak sys
tolic velocity of 47 em/sec and 
also absent end-diastolic flow 
(arrows). 
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FIGURE 35-25. Cavernosal arte
rial waveform after full erection 
is achieved. Longitudinal sono
gram with the Doppler wave
form below demonstrating small 
systolic peaks (arrows) with 
normal peak systolic velocity of 
53 cm/sec and also absent end
diastolic flow. 

35-26) . At this pOint, no flow should be 
seen in the deep dorsal vein with color 
Doppler examination. 

Deviation from this normal pattern may 
be diagnostic of arterial or venous disease. 
Arterial insufficiency is best diagnosed using 
the maximum cavernosal arterial systolic 
velocity, as good correlation has been 
demonstrated between this measurement 
and the arteriographic findings at angiogra
phy.46,s9 The lower the peak systolic veloc
ity, the greater the degree of severity of 
arterial disease. Patients with maximum sys
tolic velocities somewhat below normal, in 
the range of 25 to 30 cm/sec, usually have 
mild to moderate arterial insufficiency. 
Patients with maximum velocities less than 
25 cm/sec usually have severe arterial insuf-

FIGURE 35-26. Cavernosal arte
rial waveform after full erec
tion is achieved. Longitudinal 
sonogram with the Doppler 
waveform below demonstrating 
sharp systolic peaks and reverse 
end-diastolic flow (arrows). 

ficiency43.48,S3,55,57,60 (Figs. 35-27 and 35-28) . 
A discrepancy in maximum velocities of 
greater than 1 0  cm/sec between right and 
left sides is also usually indicative of some 
degree of arterial insufficiency. 

Although the maximum systolic velocity 
correlates fairly well with arterial function 
of the penis, there are limitations to this 
diagnostic method. Patient anxiety can 
diminish the arterial response to the vasoac
tive pharmacologic agents to the point that 
maximum velocities fall below the normal 
range despite normal arterial function. A 
similar decrease may be found in some 
patients with psychogenic impotence.61 In 
general, the maximum systolic velocity is 
lower in patients with psychogenic impo
tence and normal arterial function than 
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in patients without these conditions.58 
Patients with variants of cavernosal arterial 
anatomy, such as duplicated cavernosal 
arteries on one side, may have peak systolic 
velocities less than 30 cm/sec despite 
normal arterial flow. For this reason, when 
more than one artery is seen, conclusions 
about arterial function cannot be drawn if 
the maximum systolic velocity is less than 
30 cm/sec.62 

Doppler sonography can also be helpful 
for diagnosing venous incompetence, as a 

FIGURE 35-27. Arterial insuffi
ciency. Cavernosal arterial 
waveform with arterial insuffi
ciency. Longitudinal sonogram 
with color and spectral Doppler 
of cavernosal artery demonstrat
ing an abnormally low peak sys
tolic velocity of 12.4 em/sec (V I 
= 0.124 m/sec). 

number of findings suggest this diagnosis 
when arterial function is normal. This diag
nosis should be suspected in any patient 
who fails to generate an adequate erection 
despite normal cavernosal arterial Doppler 
waveforms.45,53 The Doppler findings most 
suggestive of venous incompetence are flow 
in the dorsal vein or cavernosal arterial 
diastolic flow above 5 cm/sec (Fig. 35-29). 
Demonstration of dorsal vein flow, via 
either color Doppler or pulsed Doppler 
assessment (Fig. 35-30), is consistent with 

FIGURE 35-28. Cavernosal arte
rial waveform with arterial insuf
ficiency. Longitudinal sonogram 
with the Doppler waveform 
below demonstrating an abnor
mally low peak systolic velocity of 
19 em/sec (0.19 m/sec; arrow). 
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FIGURE 35-29. Venous incompe
tence. Longitudinal sonogram 
with the Doppler waveform below 
demonstrating persistent diastolic 
flow at 1 7  cm/sec (0. 1 7  m/sec; 
arrow). 

FIGURE 35-30. Venous incompe
tence. A, Longitudinal sonogram 
with the Doppler waveform 
below demonstrating flow in the 
dorsal vein (arrows) . B, Longitudi
nal color Doppler sonogram 
demonstrating flow in the dorsal 
vein. 
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dorsal venous incompetence.53,55,63 Persis
tently high diastolic flow without evident 
dorsal venous flow suggests venous leakage 
through the crural veins, as flow in 
these veins cannot be detected by Doppler 
sonography. 

Although Doppler sonography can 
suggest the diagnosis of venous insuffi
ciency, it is not the modality of choice for 
evaluating this disorder. Cavernosometry 
and cavernosography are preferable. Caver
nosometry, performed with vasoactive 
pharmacologic agents, is the most accurate 
method for making the diagnosis. When 
venous incompetence is found, cavernosog
raphy provides anatomic delineation of the 
abnormal venous pathways.63-66 

Venous competence can be assessed by 
Doppler only if arterial function is normal. 
Patients with arterial insufficiency may 
have too little arterial inflow to expand 
the sinusoids enough to occlude the drain
ing veins, and hence, these patients may 
have venous flow regardless of whether the 
veins are intrinsically competent. For this 
reason, the results of the Doppler assess
ment of the cavernosal arteries should be 
kept in mind when evaluating for venous 
leakage. If the maximum systolic velocities 
in the cavernosal arteries are within the 
normal range, then further assessment for 
venous competence can be performed. If a 
diagnosis of arterial insufficiency is made 
based on abnormally low peak systolic 
velocities, conclusions about venous com
petence cannot be drawn from the arterial 
waveform or Doppler assessment of the 
dorsal vein.45 
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