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Duplex Doppler sonography is a fundamental component of the com-
plete ultrasonographic examination of the liver. Accurate interpretation
of the spectral Doppler tracing from the hepatic veins is valuable, as it
reflects important cardiac and hepatic physiology. Normally, there are
four phases: A, S,V, and D; the S and D waves indicate flow in the an-
tegrade direction toward the heart. In hepatic and cardiac disease, these
normal waves may be absent, a finding indicative of flow in a nonphysi-
ologic manner. In addition, transient patient factors such as phase of the
respiratory cycle may influence the appearance of the spectral tracing.
Familiarity with the normal and abnormal spectral Doppler waveforms
from the hepatic veins and knowledge of their respective physiology and
pathophysiology provide valuable insights. Systematic analysis of the
direction, regularity, and phasicity of the spectral tracing and the ratio of
the amplitudes of the S and D waves allows one to arrive at the correct
differential diagnosis in most situations.
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Introduction
Duplex Doppler sonography of the liver plays an
important role in evaluation of the liver (1,2). This
noninvasive, ionizing radiation—free, portable tech-
nique is not only able to quickly assess patency of
the hepatic vasculature but is also able to provide
additional parameters such as resistivity and direc-
tion of flow. Other articles have reviewed imaging
evaluation of the liver vasculature (3,4).

In this article, we focus on duplex Doppler
evaluation of the hepatic veins by reviewing how
these spectral Doppler waveforms are obtained
and displayed. We discuss how patient and tech-
nical factors may influence their appearance.
Because the appearance of the waveforms is pro-
foundly influenced by both cardiac and hepatic
factors, we address the normal physiology of flow
through the hepatic veins in relation to the car-
diac cycle. We provide a unified approach to in-
terpretation of both normal and abnormal spec-
tral patterns, thus allowing the most specific diag-
nosis or differential diagnosis to be determined.
Finally, we discuss the role of spectral Doppler
waveform analysis in liver transplant recipients.

Hepatic Vein Anatomy

There are three major hepatic veins—Ileft, middle,
and right—which separate the liver along cranio-
caudal planes (Fig 1) (5).The plane of the left he-
patic vein separates the lateral left lobe (Couinaud
system segments II and III) from the medial left
lobe (Couinaud segments IVa and IVb). The plane
of the middle hepatic vein separates the right and
left lobes of the liver, or more precisely, the medial
left lobe and the anterior right lobe (Couinaud
segments V and VIII). The plane of the right he-
patic vein separates the anterior right lobe from
the posterior right lobe (Couinaud segments VI
and VII). A significant right inferior hepatic vein
complements the right hepatic vein in 30%—-61%
of cases (6—8).The left and middle hepatic veins
join to form a single vein before entering the IVC
in 60%-86% of people (5,8,9).

In autopsy studies, between three and 50 mi-
nor hepatic veins have been found, which drain
predominantly Couinaud segments I, VI, and
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Figure 1. Hepatic veins. Transverse diagram of the
liver shows the right hepatic vein (RHV)), middle he-
patic vein (MHYV), and left hepatic vein (LHV) drain-
ing into the retrohepatic inferior vena cava (11VC). The
hepatic veins divide the liver into Couinaud system
segments as indicated. The hepatic veins are interro-
gated by placing the probe along the anterior or right
lateral aspect of the abdomen or lower thorax.

VII and the area just anterior to the retrohepatic
IVC (8,9). In one study, one minor vein, two
minor veins, or three to four minor veins were
found to drain the caudate lobe in 37%, 37 %,
and 26% of people, respectively (8). These mi-
nor hepatic veins are not routinely evaluated
with Doppler sonography (2).

Technique
Ultrasonographic (US) images were primarily
acquired with a Sequoia 512 (Acuson, Mountain
View, Calif) or Philips iU22 (Philips Medical Sys-
tems, Andover, Mass) unit. Appropriate acoustic
windows were used to image the hepatic veins by
using intercostal, subcostal, or transabdominal
approaches (10). Gray-scale B-mode evaluation
of the liver was first performed, followed by color
and spectral Doppler evaluation. Doppler param-
eters were optimized by following the principles
and techniques described in excellent reviews by
Kruskal et al (11) and Rubin (12). Concurrent
electrocardiographic (ECG) and spectral Doppler
recording was performed on the Philips machine
by using a standard six-pin, three-lead ECG cable.
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Figure 2. Duplex Doppler display on the Sequoia 512 unit. The left
portion of the two-dimensional display has the color scale for the color
Doppler image; flow toward the transducer is indicated with shades

of red and yellow, whereas flow away from the transducer is indicated
with shades of blue and green. The upper right portion of the display
lists various technical parameters, including which transducer was used.
The central portion of the display has the color Doppler image, with
the Doppler gate over the right hepatic vein in this case. Note that flow
is appropriately away from the transducer toward the retrohepatic IVC.
The bottom portion of the display shows the spectral Doppler wave-
form, in which blood flow velocity (in meters per second or centimeters
per second) within the Doppler gate is plotted versus time.
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Duplex Doppler
Display of the Hepatic Vein

There are many components found on the duplex
Doppler display (Fig 2). The two-dimensional
display is composed of a gray-scale B-mode im-
age, usually with color Doppler overlay. Conven-
tion dictates that flow toward the transducer is
depicted in red and flow away from the trans-
ducer is in blue; thus, the normal hepatic veins,
which head posteriorly toward the retrohepatic
IVC, are depicted in blue. (The color scheme
convention should always be confirmed on the
color bar of the display, as the color scheme can
easily be reversed with an inadvertent push of the
“invert” button.) A Doppler gate is then placed
over the sample volume within the vessel that the
sonographer wants to interrogate, to generate a
spectral Doppler tracing.

The bottom portion of the duplex display has
the spectral Doppler tracing, where the mag-

nitude of flow velocity is plotted against time

(Fig 2). According to convention, flow above the
baseline indicates flow toward the transducer

and flow below the baseline indicates flow away
from the transducer. (This relationship can also
be instantly reversed by pressing the invert but-
ton, which inverts the tracing and places the word
“Inverted” or “Inv” somewhere on the display.
Before interpretation of the tracing, it should be
clear whether the spectrum has been inverted.)

Physiology of the Nor-
mal Hepatic Vein Waveform
The normal hepatic vein waveform, despite com-
monly being described as triphasic, has four
components: a retrograde A wave, an antegrade S
wave, a transitional V wave (which may be ante-
grade, retrograde, or neutral), and an antegrade

D wave (13). Let us look at how these waves are
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created by the blood flow through the hepatic
veins related to the cardiac cycle (Figs 3, 4) (14).

The A wave corresponds to atrial contraction.
With the tricuspid valve open, blood is propelled
in two directions: antegrade toward the right
ventricle and retrograde toward the IVC and
into the hepatic veins. At the end of atrial systole,
peak retrograde velocity away from the heart is
achieved. As ventricular systole commences, the
tricuspid valve closes and the retrograde veloc-
ity toward the hepatic veins begins to decrease
and approach the baseline. There is conflicting
literature as to whether a normal hepatic vein A
wave must be retrograde with the spectral trac-
ing peaking above the baseline. Bolondi et al (15)
reported that the A wave must be retrograde in
normal patients, whereas Pedersen et al (16)
showed that an A wave that remains below the
baseline may also be found in normal people.

During ventricular systole, not only do the
ventricular walls contract to propel blood into
the right ventricular outflow tract, but there is
also movement of the tricuspid valve annulus
toward the cardiac apex. These actions create a
relative negative pressure in the atrium, caus-
ing antegrade blood flow out of the liver and
into the heart during the S wave. In the normal
heart, the largest amount of antegrade blood
flow is during this phase (17).

The V wave corresponds to atrial overfilling. As
the ventricular contraction becomes less intense
and the closed tricuspid valve begins to return
to its original position, the atrium fills and blood
flow velocity toward the heart decreases. The
peak of the V wave may be below, at, or above
the baseline, depending on whether there is ante-
grade flow throughout, transient equilibrium with
no flow, or transient retrograde flow, respectively.
Note that the term triphasic does not include the
V wave, perhaps because this wave represents
only a transitional phase.

radiographics.rsna.org

Figure 3. Normal triphasic Doppler waveform.
Diagram shows the four waves in the normal
spectral Doppler waveform. The A wave (blue),
which is above the baseline, has a retrograde com-
ponent of flow toward the liver. The S (red) and
D (green) waves are below the baseline with flow
antegrade toward the heart. The V wave (yellow)
is a transitional wave, which in the normal patient
may peak below, at, or above the baseline.

The D wave begins as the tricuspid valve
opens. During cardiac diastole, the right atrium
and ventricle fill passively, with antegrade flow of
blood from the liver into the heart. In the normal
patient, the velocity of this passive flow is almost
always lower in magnitude than the velocity dur-
ing the S wave.

A normal variant, termed the C wave, can
cause a small retrograde spike following the A
wave (Fig 5; also demonstrated in the spectral
tracing in Fig 2) (17). As atrial systole ends and
ventricular systole commences, the tricuspid
valve closes. The tricuspid annulus begins to
move toward the cardiac apex and the retro-
grade velocity of flow toward the liver begins to
decrease. However, before the pulmonic valve
opens, the pressure in the ventricle increases with
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Figure 4. Diagrams of blood flow through the right side of the heart and its influence
on the spectral Doppler waveform. The inset shows the part of the waveform formed by
each portion of the cardiac cycle. White arrows = wall motion, yellow arrows = blood flow.
(a) During atrial systole, a portion of the blood flow is toward the liver, yielding a retro-
grade A wave. P4 = pulmonary artery, R4 = right atrium, Rl = right ventricle. (b) During
ventricular systole, the tricuspid annulus moves toward the cardiac apex (thin white arrows),
causing suction of blood into the right atrium from the liver. The result is the dominant ante-
grade S wave. (c) As the tricuspid valve returns to its resting position, the velocity of blood out
of the liver decreases and a transitional equilibrium is reached, yielding the V wave. (d) Dur-
ing diastole, with the heart relaxed and the tricuspid valve open, blood flows passively from
the liver into the heart, yielding the antegrade D wave.

Scheinfeld et al 2085
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Figure 5. Physiology of the normal variant C wave. White arrows = wall motion. (a) As
ventricular systole begins, retrograde velocity begins to decrease (small yellow arrow in the
IVC), causing the retrograde velocity on the spectral tracing to decrease, as in a regular A
wave. (b) With the pulmonic valve closed, the ventricular pressure increases before ejection
of blood into the pulmonary artery. The tricuspid valve may bulge into the right atrium,
causing a transient pulse of increased flow in the retrograde direction (large yellow arrow
in the IVC). This pulse is termed the C wave. (¢) When the pulmonic valve opens, blood
is ejected from the ventricle (large yellow arrow), and the retrograde velocity progressively
decreases (small yellow arrow in the IVC) as part of the normal conclusion of the A wave.
(d) Diagram shows the A and C waves. Portions of the waveform that correspond to the
physiologic events seen in a, b, and ¢ are indicated. (e) Spectral tracing shows a C wave in
a normal patient. The component waves are labeled.
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Figure 6. Spectral Doppler tracing correlated with
the cardiac cycle by means of concurrent ECG trac-
ing. (a) Diagram shows the four phases of the spectral
Doppler waveform correlated with a concurrently ob-
tained ECG tracing. The A wave begins concurrently
with the ECG P wave, whereas the peak of the A wave
corresponds to the beginning of the QRS complex. The
V and D waves follow the ECGT wave. (b) Spectral
Doppler tracing of the hepatic vein with a concurrent
ECG tracing obtained in a patient.

continuing contraction of the ventricle, causing

a transient bulging of the tricuspid valve into the
right atrium. This bulging creates a momentary
retrograde pulse toward the liver, causing the C
wave. When the pulmonic valve opens and blood
is ejected from the right ventricle into the pulmo-
nary outflow tract, the bulge in the tricuspid valve
is relieved. Flow into the heart then resumes as
usual during the S wave.

Scheinfeld et al 2087

Assignment of Waves in

Hepatic Vein Spectral Tracing
There are three ways of correctly assigning the
various phases of the spectral waveform. First, a
component of the D wave is always antegrade.
Second, the position of the A wave peak is usually
higher than that of the V wave. This observation
is not universal and is obviously not helpful when
the A and 'V waves are equal in magnitude. Still,
this method is the one used most often. The third
and most reliable method of correctly assigning
the spectral Doppler waves is obtaining a con-
current ECG tracing with the spectral Doppler
tracing (18). Unfortunately, this is usually not
available.

By using a concurrent ECG tracing, the waves
in the hepatic vein spectrum can be most reliably
correlated with the cardiac cycle (Fig 6). Atrial
depolarization, which causes the P wave on the
ECG, corresponds to the beginning of the spec-
tral Doppler A wave. The peak of the A wave oc-
curs within 150 msec of the QRS complex, which
corresponds to the beginning of ventricular sys-
tole. The Doppler V and D waves are seen follow-
ing the ECG T wave during cardiac diastole.

Effect of Patient Fac-
tors on the Appearance of

the Spectral Doppler Waveforms
Patient factors play an important role in the
appearance of the hepatic vein spectral Dop-
pler waveform (18-20). In Figure 7, note how
different spectral Doppler tracings are obtained
in the same patient under different respiratory
conditions. Triphasic waveforms are produced
during end inspiration and with quiet breathing.
During these two states, there is sufficient blood
return to the heart through the hepatic veins to
produce a normal waveform. Nearly monopha-
sic waveforms are produced during end expira-
tion and when the Valsalva maneuver is per-
formed. In these two situations, there is either
insufficient blood return to the heart through
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Figure 7. Effect of patient factors on the appearance of the spectral Doppler waveform. Four spectral Doppler
waveforms were obtained from the same young healthy volunteer within approximately 5 minutes. The waveforms
are markedly blunted when the subject performs the Valsalva maneuver (a) or halts respiration in end expiration (b).
The waveforms have a normal appearance during quiet respiration (¢) and when the subject halts respiration in end
inspiration (d). Note the normal variant C waves in the end inspiration spectrum.
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Figure 8. Algorithm for systematic evaluation of hepatic vein spectral wave-
forms. Systematic evaluation of four factors can lead to determination of a specific
diagnosis or differential diagnosis. Note that the listed conditions may coexist,
yielding a more complex and perhaps a noninterpretable waveform.
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the hepatic veins or a pseudo-obstruction at the
level of the diaphragm, giving blunted wave-
forms in the antegrade direction.

Clinically, peritonitis and tense ascites create
a pseudo—Valsalva maneuver state that may blunt

the hepatic vein waveforms, giving a monophasic
appearance. Likewise, when patients are asked to
hold their breath to obtain the spectral waveform,
they may inadvertently perform a Valsalva ma-
neuver, thereby blunting their hepatic vein wave-
forms (14). Therefore, tracings should always be
obtained with the patient in end inspiration or
during quiet breathing.
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Figure 9. Reversed flow in the hepatic vein due to obstruction. (a) Diagram shows a clot in the right hepatic
vein. When an area peripheral to the obstruction is interrogated, a monophasic waveform in the reverse direc-
tion (hepatopetal) may be present because blood is flowing retrograde toward another route to exit the liver,
either via one of the main hepatic veins or via a minor hepatic vein. (b) Duplex Doppler image of the middle
hepatic vein, obtained 1 day after liver transplantation, shows evidence of reverse flow. A large hematoma in
the Morison pouch caused extrinsic compression or kinking of the vein, leading to occlusion. The vein is red
on the color Doppler display, a finding indicative of hepatopetal flow (away from the IVC). On the spectral
Doppler tracing, there is monophasic turbulent flow above the baseline, a finding also indicative of hepatopetal
flow. The extrinsic compression was relieved by surgical evacuation of the hematoma. (¢) Duplex Doppler im-
age of the middle hepatic vein, obtained in the same patient as in b after surgical evacuation of the hematoma,

Teaching
Point

shows normal antegrade flow and a normal triphasic waveform.

After exercise, velocity increases within the
hepatic veins, but the waveform morphology
remains unchanged (19). Fasting has not been
shown to have a significant effect on the hepatic
vein waveform morphology (19). Doppler wave-
forms in the hepatic veins have been shown to
become blunted during pregnancy (21). These
changes revert to a normal appearance in most
patients by 8 weeks after childbirth but persist in
a minority of cases (22).

Systematic Analysis of the

Hepatic Vein Spectral Tracing
Evaluation of the hepatic vein spectral Doppler
tracing involves asking four questions (Fig 8):
What is the direction of flow? Is the spectral wave
pattern regular or irregular? What is the wave
form phasicity? (In other words, is the waveform
monophasic or dampened, or is it multiphasic?)
What is the relationship of magnitude between
the S and D waves?

1 HEP VN

What Is the Direction of Flow?

If there is no flow or the direction of flow is
monophasic in the retrograde direction, the only
condition to be considered is hepatic vein ob-
struction, such as in Budd-Chiari syndrome. In-
terrogation of the clot will demonstrate no flow;
however, interrogation of the region between
the periphery of the liver and the clot will show
reversed flow, as blood is flowing in the reverse
direction to exit the liver via another collateral
pathway that leads into the IVC (Fig 9) (23-25).
A turbulent waveform will be produced in in-
complete obstruction or when interrogating the
region between the clot and the IVC (26).

Is the Spectral Wave

Pattern Regular or Irregular?

If there is flow in the correct direction, the next
question to be asked is whether the wave pattern
is regular or irregular. If it is irregular, the possi-
bilities that should be considered are arrhythmias
(27), turbulent blood flow, or degradation of the
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Figure 10. Three causes of irregular spectral Doppler

waveforms. (a) Duplex Doppler image of the right hepatic

vein, obtained in a coronary care unit patient with atrial

fibrillation, shows an irregular waveform. (b) Duplex

Doppler image, obtained in a patient with a clot in the

right hepatic vein, shows turbulent flow between the clot
and the IVC; the turbulent flow causes an irregular wave-
form. (c) Duplex Doppler image of the left hepatic vein,
obtained in a sedated intensive care unit patient receiving
mechanical ventilation, shows an irregular waveform.

waveform by patient or technical factors (Fig 10).
A degraded waveform is commonly found in se-
dated patients, patients receiving mechanical ven-
tilation, and patients who are short of breath and
cannot cooperate with breathing instructions.

Is the Waveform Monophasic

or Dampened, or Is It Multiphasic?
Once we have established that the flow is regular
and antegrade, we must evaluate whether the
waveform is dampened (Fig 11). Dampening is
indicative of relative venous outflow obstruction,
which may be due to fatty infiltration of the liver
(28), cirrhosis (29,30), or metastatic infiltration
(30). Two sources indicate that dampening may
also be found in veno-occlusive disease (3,31),
which may be seen as a complication of bone
marrow transplantation, for example. Other
causes include hepatic vein stenosis and physi-
ologic factors, such as high intraabdominal pres-

radiographics.rsna.org

sure due to a Valsalva maneuver or suspending
respiration in end expiration, as discussed earlier.

An interesting point is that the dampened wave-
form seen in cirrhosis is reversible with terlipressin
(a vasopressin analog) treatment (32). Reversibility
was also reported in patients with portal hyperten-
sion treated with propranolol (33).

What Is the Relationship of Mag-

nitude between the S and D Waves?

The approach to evaluation of the S and D waves
requires some introduction. In the normal he-
patic vein waveform, the S wave is larger than or
equal to the D wave. This is expected, consider-
ing that the powerful systolic movement of the
tricuspid annulus toward the cardiac apex causes
a large antegrade rush of blood toward the heart.
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Figure 11. Four causes of monophasic or blunted waveforms. (a) Duplex Doppler image of the middle hepatic
vein, obtained in a patient with cirrhosis, shows a monophasic antegrade waveform. On the color Doppler display,
there is associated ascites anterior to the liver. (b) Duplex Doppler image of the middle hepatic vein, obtained in a
patient with fatty infiltration of the liver, shows a blunted waveform. On the color Doppler display, the liver is hyper-
echoic owing to fat infiltration. (c) Duplex Doppler image of the left hepatic vein, obtained in a patient with diffuse
large B-cell lymphoma, shows a blunted waveform. (d) Duplex Doppler image of the right hepatic vein, obtained in
a volunteer performing the Valsalva maneuver, shows a blunted waveform.

In heart disease, which for our purpose refers to
right-sided heart failure or tricuspid regurgita-
tion, the right side of the heart does not function
well and greater antegrade blood flow will be
seen during diastole (27,34).

Let us first look at severe tricuspid regurgita-
tion as a paradigm to understand the changes
that may occur in the various grades of tricuspid
regurgitation (17) and right-sided heart failure
(Fig 12). As systole begins, the atrium contracts
and forces blood antegrade into the ventricle as

well as retrograde toward the liver, producing

a small retrograde A wave. During ventricular
systole, the ventricle contracts and the tricuspid
annulus moves toward the cardiac apex as usual.
However, owing to tricuspid regurgitation, blood
is forced retrograde into the atrium, IVC, and
liver (as well as into the right ventricular outflow
tract). This gives a decreased or even a retrograde
S wave. As the ventricle begins to relax and the
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Figure 12. Diagrams of severe tricuspid regurgitation and the resulting abnormal waveform.
White arrows = wall motion, yellow arrows = blood flow. (a) The atrium contracts, forcing

blood antegrade into the ventricle as well as retrograde toward the liver, producing a retrograde
A wave as usual. (b) During systole, the ventricle contracts and the tricuspid annulus moves
toward the cardiac apex. Blood regurgitates retrograde through the tricuspid valve into the

atrium, IVC, and hepatic veins. The result is a retrograde S wave. (c) As the ventricle begins to

relax and the tricuspid annulus returns to its original position, blood is again forced out of the
atrium back into the IVC and liver, producing the retrograde V wave. (d) With the atrium and
ventricle relaxed and the tricuspid valve open during diastole, blood finally flows passively out

of the liver and IVC into the heart, thereby producing the only antegrade wave, the D wave.

RadioGraphics

tricuspid annulus returns to its original position,
blood is forced out of the atrium again back into
the IVC and liver, giving a retrograde V wave.
Finally, during cardiac diastole, with the tricuspid
valve open and the myocardium resting, blood

d.

flows passively from the liver into the right side
of the heart, yielding the larger or only antegrade
wave, the D wave.

The extent of tricuspid regurgitation will obvi-
ously influence the morphology of the spectral
waveform, which is graded as types 1, 2, and 3
(Fig 13). Note that there is not a perfect match
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Figure 13. Diagrams and tracings of the hepatic vein waveform in the normal state and in tricuspid regurgitation.
(a) Normal hepatic vein spectrum shows the normal S wave—to—D wave ratio, with the S wave greater than the D
wave. (b) In type 1 tricuspid regurgitation, the relationship between the S wave and the D wave changes, with the S
wave smaller than the D wave. However, there is still antegrade flow during ventricular systole. (¢) In type 2 tricus-
pid regurgitation, there is no systolic flow during ventricular systole. (d) In type 3 tricuspid regurgitation, there is
retrograde flow during ventricular systole.

Figure 14. Biphasic waveform. (a) Duplex Doppler image of the left hepatic vein, obtained in a patient with
echocardiographically proved moderate right ventricular hypokinesia and severe tricuspid regurgitation, shows a
biphasic waveform. (b) Duplex Doppler image of the left hepatic vein, obtained in a patient with the echocardio-
graphically proved combination of tricuspid regurgitation and congestive heart failure, shows a biphasic waveform.
Note the dilated hepatic veins on the gray-scale display. (¢) Diagram shows how a combination of retrograde A, S,
and V waves may combine to form a single wave as part of a biphasic waveform.
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ally corresponds to mild tricuspid regurgitation,
whereas types 2 and 3 may correspond to moder-
ate or severe disease. The classically described bi-
phasic waveform contains a single retrograde wave
and a single antegrade wave per cardiac cycle (Fig
14). It is usually the result of a combination of tri-
c. cuspid regurgitation and right-sided heart failure.
When the A, S, and V waves are all retrograde,
they may fuse into one retrograde pulse that alter-
between the sonographic “type” and the echocar- nates with an antegrade D wave (Fig 14).
diographic grade; however, there is rough corre-
spondence. For example, the type 1 pattern usu-
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Figure 15. Constrictive pericarditis. (a) Diagram
shows the Doppler waveform of the hepatic vein in con-
strictive pericarditis. Note the retrograde component
(purple wave) between the normal-appearing D and

A waves. (b) Duplex Doppler image shows the middle
hepatic vein in a 61-year-old man. Note the concurrent
ECG tracing (top green line); the ECG QRS complex
corresponds to the peak of the Doppler A wave, thereby
delineating the cardiac cycle. The additional retrograde
pulse (arrows) above the baseline between the D and

A waves is typical of constrictive pericarditis. (c) Axial
computed tomographic image of the thorax, obtained
in the same patient as in b, shows pericardial calcifica-
tion (arrows), which is consistent with the diagnosis of
constrictive pericarditis. (Case courtesy of Daniel M.
Spevack, MD, Department of Cardiology, Montefiore
Medical Center, Bronx, NY.)

The hepatic vein waveform in right-sided heart
failure is similar to that in tricuspid regurgitation
(34). Early on, there may be mild augmentation of
the A wave due to increased backflow, because the
failing ventricle is not able to accommodate the
entire forward pulse from the atrium (27). Owing
to the normal magnitude variability of the A wave,
this finding is usually difficult to detect. As the
heart failure progresses, there is reversal of the S
wave—to—D wave ratio, which may progress to the
S wave reaching the baseline (a type 2 tricuspid
regurgitation configuration), a finding that signifies
no antegrade flow during ventricular systole.

However, an important point is that the S wave
does not become retrograde (type 3 tricuspid
regurgitation configuration) in the absence of
tricuspid regurgitation (17). Differentiating pure
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mild tricuspid regurgitation from pure right-sided
heart failure is impossible on the basis of spectral
tracings alone, as both may have type 1 or type 2
waveforms. Still, it may not be necessary to dif-
ferentiate these entities because they commonly
coexist (27). If there is a retrograde S wave, then at
least some tricuspid regurgitation must be present.

Constrictive Pericarditis

The ability to analyze the spectral Doppler wave-
form of the hepatic veins is particularly important
in constrictive pericarditis. Constrictive pericardi-
tis may initially manifest as signs of primary liver
disease, including elevated levels of transaminases,
ascites, and hepatomegaly, triggering performance
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Figure 16. Different waveforms in the three hepatic
veins of a patient with no medical history. Doppler
spectra show a near-monophasic waveform in the
right hepatic vein (middle), a blunted waveform in the
middle hepatic vein (top), and a normal waveform in
the left hepatic vein (bottom). The patient had no un-
derlying liver disease; we believe that the presence of
different patterns was due to technical factors.

of liver sonography (35). The correct recognition
of constrictive pericarditis will facilitate proper
cardiac work-up and early treatment with pericar-
diectomy, relieving all symptoms (35).

The waveform found in constrictive pericardi- tis

is a variant of the triphasic waveform that
includes an extra retrograde wave at the end of
diastole, between the D and A waves (Fig 15)
(36,37). Because the right atrium and ventricle
fill passively via the superior vena cava and IVC
during diastole (the D wave), the right heart ca-
pacity is reached prematurely owing to constric-
tion by the pericardium, causing retrograde blood
flow to the liver during the end of diastole. The
additional retrograde wave is more prominent
during the expiratory phase of the respiratory
cycle (36,37). This finding can be explained by
the pathophysiology of constrictive pericarditis,
which is beyond the scope of this review (38).
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Relationship of the

Hepatic Veins to Each Other

Although the spectral waveform patterns in the
three hepatic veins of a single patient are usually
similar, uncommonly they may have different
patterns (Fig 16). This appearance may be due
to true differences in the different portions of the
liver through which the respective veins course
or technical in nature. For example, there may be
focal or geographic fat infiltration or metastatic
involvement such that the milieus of the different
hepatic veins are indeed different. Differences

in transient factors such as inspiration, expira-
tion, and performing the Valsalva maneuver while
holding one’s breath may also artificially lead to
different spectra in the different hepatic veins.
Therefore, these parameters must be monitored
carefully by the sonographer.

Evaluation of the Hepatic

Veins in Liver Transplant Recipients
US has become the standard modality for evalu-
ating the liver after transplantation to quickly
and cost-effectively diagnose complications and
prevent graft loss (39,40). Hepatic vein spectral
Doppler waveform analysis has also been used in
liver transplants, primarily to evaluate for venous
stenosis and acute graft rejection. Abnormalities
in the spectral Doppler waveform pattern are
generally nonspecific. The value of this analysis is
that when a normal spectral wave pattern is dem-
onstrated, the clinician can be reassured of a low
probability of complications.

In the evaluation of hepatic vein stenosis, Choi

et al (41) used intraoperative Doppler US to di-
agnose hepatic vein stenosis with a sensitivity and
specificity of 80% and 82%, respectively. Most
important, the presence of a triphasic waveform
had a 98% negative predictive value for hepatic
vein stenosis (41). In a study that evaluated he-
patic vein stenosis after surgery (range, 1-433
days), Ko et al (42) concluded that a persistent
triphasic hepatic vein waveform virtually ex-
cluded hepatic vein stenosis. On the other hand, a
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Figure 17. Transient dampening of the hepatic vein waveform in a 51-year-old man after orthotopic liver trans-
plantation. (a) Duplex Doppler image obtained 1 day after surgery shows the waveform of the middle hepatic vein.
The spectrum is in the correct direction, posteriorly toward the IVC; however, the waveform is blunted. The patient
continued to do well clinically. (b) Duplex Doppler image obtained 1 day later shows a normal waveform of the

middle hepatic vein.

blunted waveform was found to be nonspecific. It
may be seen transiently with postoperative graft
edema, which resolves spontaneously (Fig 17).
There have been three studies evaluating the
usefulness of hepatic vein spectral Doppler wave-
form analysis to exclude acute rejection. Jéquier
et al (43) found that during up to 4 years of
follow-up, a persistently triphasic waveform had a
92% negative predictive value for acute rejection.
Slightly lower negative predictive values were
reported by Britton et al (44) and Zalasin et al
(45), who each found that a triphasic waveform
had an 84% negative predictive value for acute
rejection. Cases of rejection with normal spectral
waveforms can perhaps be explained as repre-
senting early or mild forms of rejection, where
significant graft edema has not set in. Loss of a
triphasic waveform was found to be nonspecific
for rejection, because conditions such as cholan-
gitis, hepatitis, fibrosis, lymphoproliferative disor-
der, and juxtahepatic fluid collections were also
causes of Doppler waveform blunting (43,45).

Conclusions

We have described the technique of acquiring
and displaying duplex Doppler waveforms of the
hepatic veins. The normal basic waveform has
two antegrade waves, one retrograde wave, and
one transitional wave. Wave assignments are usu-
ally made by means of pattern recognition; how-
ever, when the waveform becomes more complex,
such as in arrhythmias and constrictive peri-
carditis, ECG correlation becomes useful. Care
must be taken during acquisition of the Doppler
spectra so that artifact is not introduced owing to
transient patient factors such as performing the
Valsalva maneuver. By using a systematic algo-
rithm for waveform analysis, a specific diagnosis
or differential diagnosis can be determined.

Accurate evaluation of hepatic vein spectral
Doppler tracings can provide valuable data to
supplement gray-scale US and color Doppler
information. The appearance of the spectral Dop-
pler tracing can also suggest unsuspected diagno-
ses, such as constrictive pericarditis or rejection
in a liver transplant. The relationship between
cardiac physiology and liver physiology is bridged
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by the hepatic veins, and Doppler analysis of the
hepatic veins can provide valuable insights about
the relationship between these organs.
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Page 2083

The normal hepatic vein waveform, despite commonly being described as triphasic, has four
components: a retrograde A wave, an antegrade S wave, a transitional V wave (which may be
antegrade, retrograde, or neutral), and an antegrade D wave (13).

Page 2087
The third and most reliable method of correctly assigning the spectral Doppler waves is obtaining a
concurrent ECG tracing with the spectral Doppler tracing (18).

Page 2087
Patient factors play an important role in the appearance of the hepatic vein spectral Doppler
waveform (18-20).

Page 2089

Evaluation of the hepatic vein spectral Doppler tracing involves asking four questions (Fig 8): What is
the direction of flow? Is the spectral wave pattern regular or irregular? What is the waveform
phasicity? (In other words, is the waveform monophasic or dampened, or is it multiphasic?) What is
the relationship of magnitude between the S and D waves?

Page 2095
The waveform found in constrictive pericarditis is a variant of the triphasic waveform that includes an
extra retrograde wave at the end of diastole, between the D and A waves (Fig 15) (36,37).





