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Whole-liver transplantation is an accepted and successful method of
treating end-stage liver disease. As a result of the shortage of cadaveric
livers, split-liver transplantation and living donor liver transplantation
are becoming more commonplace. Ultrasonography (US) is the initial
imaging modality of choice for detection and follow-up of early and
delayed complications from all types of liver transplantation. Vascular
complications include thrombosis and stenosis of the hepatic artery,
portal vein, or inferior vena cava, as well as hepatic artery pseudoaneu-
rysms and celiac artery stenosis. Biliary complications include leaks,
strictures, stones or sludge, dysfunction of the sphincter of Oddi, and
recurrent disease. Neoplastic disease in the transplanted liver may rep-
resent recurrent neoplasia or posttransplantation lymphoproliferative
disorder. Parenchymal disease may take the form of a focal mass or a
diffuse parenchymal abnormality. Perihepatic fluid collections and as-
cites are common after liver transplantation. Knowledge of the surgical
technique of liver transplantation and awareness of the normal US ap-
pearance of the transplanted liver permit early detection of complica-
tions and prevent misdiagnosis.
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Introduction
Human whole-liver transplantation as a therapeu-
tic option for end-stage liver disease was pio-
neered in 1963 by Starzl and colleagues (1). Al-
though initial efforts were unsuccessful, today,
following years of modification of surgical tech-
niques and the introduction of new immunosup-
pressive agents, liver transplantation is an ac-
cepted and successful therapy for end-stage liver
failure. In the United States in 2001, a total of
5,184 liver transplantations were performed. The
1-year patient survival rate for whole-liver trans-
plantation was 87%, and the rate of 1-year graft
survival was 80.3% (2).

The United Network for Organ Sharing esti-
mates that at the beginning of 2003, 17,201 pa-
tients were waiting for liver transplants in the
United States (2). Unfortunately, over the recent
years, cadaveric liver donor rates have not in-
creased significantly. As a consequence, innova-
tive surgical techniques have been used to in-
crease the number of patients receiving trans-
plants from the available limited resources. These
include the techniques of living donor liver trans-
plantation (from both related and unrelated do-
nors) and split-liver transplantation. Medical re-
search in hepatocyte transplantation, xenotrans-
plantation (engraftment of organs obtained from
one species into another species), and liver-di-
rected gene therapy continues, but as yet, these
techniques have no clinical indication (3).

The success of living donor transplantation is
based on two major concepts: the distinct seg-
mental anatomy of the liver and its remarkable
regenerative potential. Right lobes (segments
5—8) are most commonly implanted, with ex-
tended right lobes or trisegments (segments 4—8)
required for larger recipients to ensure adequate
hepatic volume. In the average-sized adult, left
lobe grafts (segments 2—4) do not provide suffi-
cient liver volume to sustain life (4,5). Living do-
nor liver transplantation permits immediate trans-
plantation of the donated portion of the liver,
minimizing the ischemic injury. Regeneration of
the liver occurs rapidly. The transplant may
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double in size in as little as 3 weeks (6). Recent
studies report a favorable outcome of living re-
lated donor liver transplantation, with 1-year pa-
tient and graft survival rates of 90% and 88%,
respectively (7).

Split-liver transplantation, in which two pa-
tients undergo transplantation with one donor
liver, was initially not favored as a viable trans-
plantation method due to associated increased
mortality rates secondary to bleeding and biliary
complications (8). More recently, however, the
recommended surgical procedure of in vivo split-
ting of the liver (ie, liver splitting completed in the
heart-beating cadaveric donor) rather than ex vivo
splitting has led to procedural survival rates com-
parable with those of whole-organ transplantation
9).

In this article, we present the indications and
contraindications for liver transplantation, the
surgical technique, the normal ultrasonographic
(US) appearance of liver transplants, and the US
appearances of posttransplantation complica-
tions.

Indications and Contra-
indications for Transplantation
Health care budget limitations and the shortage
of available cadaveric donors have resulted in spe-
cific indications and contraindications for liver
transplantation.

Liver transplantation is performed for a variety
of irreversible acute and chronic liver diseases for
which no other satisfactory therapy is available.
Patients are selected for transplantation when
their life expectancy without transplantation is
less than the life expectancy following the proce-
dure. Hepatitis C is the most common disease
requiring transplantation, followed by alcoholic
liver disease and cryptogenic cirrhosis (10). Other
end-stage liver disorders treated with transplanta-
tion include chronic cholestatic diseases such as
primary biliary cirrhosis and primary sclerosing
cholangitis; metabolic diseases including hemo-
chromatosis and Wilson disease; other hepatitides
such as autoimmune hepatitis and chronic hepati-
tis B; and acute liver failure. Patients with end-
stage hepatitis B cirrhosis were initially regarded
as poor transplantation candidates due to the high
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recurrence rate of hepatitis B in the implant asso-

ciated with rapid progression to cirrhosis. The use
of hyperimmune globulin and the nucleoside ana-
logue lamivudine has changed these expectations

to a more favorable outcome.

The percentage of liver transplantations per-
formed for known malignancy is diminishing
(10). Most centers now consider transplantation
only in patients with early-stage hepatocellular
carcinoma or rarely neuroendocrine metastases.
The generally accepted guidelines for transplanta-
tion in patients with hepatocellular carcinoma are
the Milan criteria of no single lesion greater than
5 cm in diameter or three or fewer lesions each
less than or equal to 3 cm in diameter (11).

Accepted contraindications include extrahe-
patic malignancy, active untreated sepsis, ad-
vanced cardiopulmonary disease, active alcohol-
ism or substance abuse, or an anatomic abnor-
mality precluding the surgical procedure (10).
Although portal vein thrombosis is not an abso-
lute contraindication to liver transplantation, its
presence makes the surgery more complex. These
patients have higher morbidity and mortality
rates, particularly if the thrombus extends into the
splanchnic veins (12). Advanced age is also asso-
ciated with higher mortality rates (13,14). Pri-
mary bile duct tumors and most secondary he-
patic tumors treated with transplantation have an
unfavorable outcome.

Cholangiocarcinoma has a very high risk of
recurrence following surgery and has usually been
considered an absolute contraindication to liver
transplantation (15). Recent research, however,
suggests that in selected early cases, transplanta-
tion is of benefit (16,17).

Surgical Technique
Knowledge of the variety of surgical techniques
performed in whole-liver transplantation allows a
thorough US study to be performed. Whole-liver
transplantation involves one biliary and four vas-
cular anastomoses:

The biliary anastomosis is an end-to-end anas-
tomosis from the donor common bile duct to the
recipient common hepatic duct (choledochocho-
ledochostomy). This is the preferred anastomotic
technique as it avoids intestinal surgery, preserves
the sphincter of Oddi, and reduces the risk of en-
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teric reflux into the biliary tree. If the recipient
common hepatic duct is diseased, absent, too
short, or too small, then a choledochojejunos-
tomy is fashioned. However, with this technique
there is an increased risk of infection from bacte-
rial overgrowth and anastomotic breakdown and
bleeding (18). The temporary placement of T
tubes across the anastomosis in the early postop-
erative period has been abandoned in many cen-
ters, as following removal there was an associated
increase in morbidity secondary to bile leaking
from the previous entry site of the tube (19). A
cholecystectomy is performed routinely on all
implants.

The hepatic artery anastomosis is a fish-mouth
anastomosis between the donor common hepatic—
splenic artery branch point or the celiac axis with
an aortic Carrel patch and the recipient right and
left hepatic artery bifurcation or the gastroduode-
nal-proper hepatic artery bifurcation. If the native
liver has a dual blood supply, then the larger of
the two vessels is used to supply the arterial inflow
to the implant. If the native hepatic artery or ce-
liac axis has a high-grade stenosis, then an aorto-
hepatic interposition graft (usually the donor iliac
artery) may be required.

The portal vein anastomosis is an end-to-end
anastomosis. If the donor portal vein is throm-
bosed, it may be necessary to use a venous jump
graft from the superior mesenteric vein or splenic
vein.

The supra- and infrahepatic caval anastomoses
are usually end-to-end anastomoses but on occasion
may be end-to-side or side-to-side anastomoses.

Normal US Appear-
ance of Liver Transplants

US is the primary imaging modality in the detec-
tion and follow-up of early and delayed complica-
tions of liver transplantation. Awareness of the
normal US appearance of the transplanted liver
permits detection of complications and prevents
misdiagnoses.

A routine postoperative US study entails gray-
scale assessment of the liver parenchyma and bili-
ary tree and Doppler evaluation of the vasculature.
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Figure 1. Normal gray-scale US appearance. (a) Subcostal oblique US image obtained through the hepatic conflu-
ence shows the middle and left hepatic veins. The hepatic parenchyma appears homogeneous. (b) Right paramedian
sagittal US image obtained through the liver and inferior vena cava (IVC) shows the staples (arrows) of the end-to-
end IVC anastomosis, the middle hepatic vein, and normal hepatic parenchyma. (c, d) Intercostal gray-scale US (c)
and color Doppler (d) images obtained through the anterior axillary line show the porta hepatis along the long axis.
On the gray-scale image (c), the portal vein is easily identified. Often, the hepatic artery (arrows) is identified only
with color Doppler imaging.

The normal liver transplant has a homogeneous
or slightly heterogeneous pattern at gray-scale
imaging (Fig 1). The intrahepatic biliary tree
should be of normal appearance. If a biliary T
tube is in situ, the extrahepatic biliary ducts may
appear thick walled; otherwise, the ducts should
be of normal caliber and appearance. In the early
postoperative period, there is usually a small
amount of free intraabdominal fluid in the perihe-
patic space, which commonly resolves in 7-10
days.

Assessment of the transplant vasculature in-
volves both gray-scale and Doppler examination.
Strictures or thrombi in the portal vein or IVC are

often identified first at gray-scale imaging and
then confirmed with Doppler studies. Subtle arte-
rial complications may be demonstrable only at
Doppler examination. The normal hepatic artery
Doppler waveform shows a rapid systolic up-
stroke with continuous diastolic flow. The accel-
eration time, which represents the time from end
diastole to the first systolic peak, should be less
than 80 msec, and the resistive index, which rep-
resents the ratio of (peak systolic velocity — peak
diastolic velocity)/peak systolic velocity, should be
between 0.5 and 0.7. The normal portal vein
Doppler waveform is a continuous flow pattern
toward the liver with mild velocity variations in-
duced by respiration. The normal Doppler ap-
pearance of the hepatic veins and IVC shows a
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phasic flow pattern, reflecting the physiologic
changes in the blood flow during the cardiac cycle
(Fig 2).

US Appearances of

Posttransplantation Complications
Gray-scale and Doppler US evaluation of the
posttransplantation liver is the ideal initial imag-
ing modality to detect postoperative complica-
tions as it is accessible, accurate, and acceptable
to both the patient and physician. It is cost-effec-
tive, avoids the use of ionizing radiation, and can
be performed at the patient’s bedside. If per-
formed by skilled operators, the results are highly
reproducible. US is the primary imaging modality
used to assess for postoperative complications at
our institution. If a complication is demonstrated
that does not require intervention, it is usually
followed up with serial US studies. Computed
tomography (CT) or magnetic resonance (MR)
imaging is performed if the initial US study is
technically unsatisfactory or following US dem-
onstration of an abnormality that requires further
evaluation. Demonstration of abnormal hepatic
artery waveforms suggestive of a more proximal
abnormality is confirmed with CT angiography in
all cases.

b.

Figure 2. Normal Doppler US appearance. (a) Sub-
costal oblique color and spectral Doppler image of the
right hepatic vein shows normal venous phasicity due to
respiration. (b) Intercostal color and spectral Doppler
image of the main portal vein shows a normal continu-
ous waveform with mild velocity variations due to respi-
ration. (c) Intercostal color and spectral Doppler image
of a normal hepatic artery at the porta hepatis shows a
rapid systolic upstroke with continuous low-velocity
diastolic flow.

Complications after liver transplantation may
involve the vasculature, biliary ducts, liver paren-
chyma, and perihepatic space.

Vascular Complications

Vascular complications usually occur in the early
postoperative period. US is the primary screening
modality used for their detection. Prompt diagno-
sis is critical to allow graft salvage. Angiography is
performed to confirm abnormalities demon-
strated at US or in patients in whom the US study
is suboptimal.

Hepatic Artery Complications.—Hepatic ar-
tery complications include thrombosis, stenosis,
and pseudoaneurysms.

Hepatic artery thrombosis occurs in up to 8%
of transplants (20) and accounts for 60% of all
posttransplantation vascular complications (21—
25). Hepatic artery thrombosis is associated with
a significant mortality of 20%—-60% and is the
second leading cause of graft failure in the early
postoperative period (26). Early hepatic artery
thrombosis occurs within 15 days of transplanta-
tion. Associated risk factors include increased
cold ischemic time of the donor liver, ABO blood
type incompatibility, small donor or recipient ves-
sels, and acute rejection. Delayed hepatic artery
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Figure 3. Hepatic artery thrombosis in a 45-year-old man with worsening results on liver function tests 8 days after
orthotopic liver transplantation for alcoholic cirrhosis. (a) Subcostal oblique color Doppler image of the right hepatic
lobe shows avascular cystic spaces within the hepatic parenchyma, which represent infarcts. Flow is demonstrated in
the adjacent hepatic veins. No hepatic artery flow was seen at the porta hepatis or anywhere in the liver on color or
spectral Doppler images. (b) Corresponding contrast material-enhanced CT image shows the infarcts.

thrombosis, which may occur years after trans-
plantation, is associated with chronic rejection
and sepsis. The hepatic artery is the sole arterial
supply of the transplanted liver. The portal vein
supplies most of the blood to the hepatocytes.
The bile ducts in a liver transplant, unlike in a
native liver, are dependent purely on the arterial
blood from the hepatic artery. As a result, the
clinical presentation of hepatic artery thrombosis
ranges from fulminant hepatic failure and delayed
biliary leak to relapsing bacteremia. Treatment
consists of urgent revascularization of the graft.
This may be attempted with thrombectomy with
or without arterial revascularization; however, up
to 60% of patients ultimately require retransplan-
tation (21).

US allows correct identification of up to 92%
of cases of hepatic artery thrombosis (Fig 3) (27).
At Doppler examination, there is usually com-
plete absence of both proper hepatic and intrahe-
patic arterial flow. Nolten and Sproat (28) de-
scribed “a syndrome of impending thrombosis™
occurring over a 3—10-day span in the acute post-
transplantation period. They described the initial
Doppler waveform of the hepatic artery to be nor-
mal, with follow-up Doppler scans progressively
showing no diastolic flow followed by dampening
of the systolic peak and finally total loss of the
hepatic waveform. After hepatic artery thrombo-

sis, arterial collateral vessels can develop and in-
trahepatic flow may be identified (29). Neverthe-
less, the intrahepatic arterial waveform will be
abnormal, displaying a tardus-parvus pattern with
an acceleration time greater than 80 msec and a
resistive index less than 0.5 (30).

However, use of these indexes as sole diagnos-
tic parameters for hepatic artery thrombosis may
result in false-positive cases. In the setting of
markedly diminished hepatic artery flow, such as
in severe hepatic edema, systemic hypotension, or
high-grade hepatic artery stenosis, or in a subopti-
mal US study, perhaps limited by patient obesity
or gross ascites, interpretation of intrahepatic tar-
dus-parvus waveforms should be performed with
caution (28). If an intrahepatic tardus-parvus
waveform is demonstrated, careful gray-scale and
Doppler examination of the main hepatic artery is
warranted. Dodd et al (30,31) found a sensitivity
of 97% for significant hepatic artery complica-
tions (including thrombosis and stenosis) if one
or more of the following Doppler criteria were
demonstrated: resistive index less than 0.5, accel-
eration time greater than 0.08 seconds, no flow in
the main hepatic artery, or a peak hepatic artery
velocity greater than 2 m/sec.

Hepatic artery stenosis is estimated to occur in
up to 11% of transplant recipients and occurs
most frequently at the anastomotic site (21).
Causes include clamp injury, intimal trauma
caused by perfusion catheters at the time of sur-
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gery, or disrupted vasa vasorum leading to isch-
emia of the arterial ends. Clinically, it may lead to
biliary ischemia, causing hepatic dysfunction and
eventual hepatic failure. Treatment includes bal-
loon angioplasty or retransplantation (32).
Spectral analysis at the site of narrowing re-
veals a focal accelerated velocity greater than 2-3
m/sec with associated turbulence distal to the ste-
nosis (Fig 4) (30). Intrahepatic arterial waveforms
may display a tardus-parvus pattern with a pro-
longed acceleration time and decreased resistive
index, identical to the waveform that may be seen
in hepatic artery thrombosis with collateraliza-
tion. If a tardus-parvus intrahepatic waveform
pattern is identified, it is more likely to be second-
ary to hepatic artery stenosis than thrombosis.
Mild degrees of hepatic artery narrowing may be
present without Doppler abnormalities. There-
fore, if the clinical suspicion is high, normal
Doppler results should not prevent follow-up
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Figure 4. Hepatic artery stenosis. (a) Color and spec-
tral Doppler image of the main hepatic artery obtained
at the anastomosis shows a focal stricture with aliasing
in the middle portion of the main hepatic artery (arrow).
The Doppler spectrum shows an elevated peak velocity
(220 cm/sec) and spectral broadening, findings consis-
tent with turbulence. (b) Superselective digital subtrac-
tion angiogram of the main hepatic artery shows the ste-
nosis (arrow). (c) Color and spectral Doppler image of
the left intrahepatic artery shows a tardus-parvus wave-
form with a prolonged acceleration time and decreased
resistive index.

with angiography, although in such cases the he-
patic artery stenosis, if detected, will tend to be of
a mild degree (33).

Celiac artery stenosis may be due to atheroma-
tous disease or, in the younger patient, impinge-
ment by the diaphragmatic crura or median arcu-
ate ligament. The latter cause may be corrected
surgically at the time of transplantation by divid-
ing the muscular and fibrous bands of the dia-
phragm, allowing restoration of normal flow to
the liver. If a celiac artery stenosis caused by ath-
eromatous disease is severe, an aortohepatic inter-
position graft anastomosed to the recipient su-
praceliac or infrarenal aorta may be required to
ensure adequate arterial supply to the implant.

Hepatic artery pseudoaneurysms are most of-
ten mycotic and occur at the vascular anastomotic
site. Occasionally, they may be intrahepatic or
peripheral in location secondary to focal paren-
chymal infection or following percutaneous inter-
ventions. The clinical presentation is often late,
with hepatic failure or acute shock if the pseudo-
aneurysm ruptures. Fistula formation between
the aneurysm and biliary tree or portal vein can
occur. Surgical correction is usually required, but
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Figure 5. Hepatic artery pseudoaneurysm in a 58-year-old woman with worsening results on liver function tests 23
days after orthotopic liver transplantation. (a) Gray-scale US image obtained through the porta hepatis shows a focal
cystic structure (arrow) alongside the hepatic artery. (b) Color Doppler image shows that the cystic structure (arrow)
is vascular, an appearance consistent with a pseudoaneurysm. (¢) Color and spectral Doppler image of the right in-

trahepatic artery shows a tardus-parvus waveform. (d) Corresponding contrast-enhanced CT image shows the pseu-

doaneurysm (arrow).

there have been reported cases treated success-
fully with stent placement (34,35).

US reveals a periportal or intrahepatic cystic
structure usually in juxtaposition to the course of
the hepatic artery (Fig 5). Our experience sug-
gests that all newly diagnosed cystic masses in or
around the liver transplant should undergo both
color and spectral Doppler analysis to avoid mis-
taking a pseudoaneurysm for a benign collection.
Doppler examination demonstrates a disorga-
nized arterial flow pattern. Intrahepatic arterial
tardus-parvus waveforms may be present. Within

a large pseudoaneurysm, the predominant flow
pattern may be monophasic due to the slow tur-
bulent flow within the cavity. These appearances
should not be mistaken for a venous varix (36).

Portal Vein Complications.—Portal vein com-
plications include thrombosis and stenosis.
Portal vein thrombosis and stenosis occur in
1%—2% of transplant recipients (21,22,24). Con-
tributing causes include faulty surgical technique,
misalignment or excessive vessel length, hyperco-
agulable states, or previous portal vein surgery.
The clinical presentation includes portal hyper-
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Figure 6. Portal vein thrombosis. (a) Subcostal oblique US image shows the bifurcation of the portal vein into
right and left branches. Echogenic material is seen in the vessel lumen (arrows). An acute thrombus may be anechoic
and identified only at color flow imaging as a flow defect. (b) Subcostal right paramedian US image shows the long
axis of the main portal vein (MPV) with a distal thrombus (7).

tension, hepatic failure, edema, and massive as-
cites. Treatment options range from balloon an-
gioplasty, thrombolysis, or stent placement to
surgical correction with thrombectomy, place-
ment of a venous jump graft, or creation of a por-
tosystemic shunt (37—-41).

US of portal vein thrombosis shows vessel nar-
rowing or an echogenic luminal thrombus with no
Doppler flow (Fig 6). Occasionally, an acute
thrombus is anechoic. In these cases, gray-scale
images of the vessel appear normal and the abnor-
mality is evident only at color flow and spectral
Doppler analysis. This emphasizes the necessity

Figure 7. Portal vein steno-
sis. Gray-scale US (top left),
color Doppler (top right), and
spectral Doppler (bottom)
images of the long axis of the
main portal vein show focal
color aliasing (second arrow)
at the vascular anastomosis.
The waveforms show a greater
than sixfold velocity in the
poststenotic segment (first
arrow) relative to the velocity
in the prestenotic segment
(third arrow), a finding consis-
tent with a significant stenosis.

for careful assessment of the portal vein through-
out its entire length with both gray-scale and
spectral US. In portal vein stenosis, there is focal
color aliasing with more than a three- to fourfold
increase in velocity at the stenosis relative to that
at the prestenotic segment (Fig 7) (42).

IVC Complications.—IVC complications in-
clude thrombosis and stenosis.

IVC thrombosis and stenosis are relatively
rare, diagnosed in less than 1% of transplant cases
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IVC thrombosis. (a) Subcostal oblique US image obtained through the hepatic confluence shows an

echogenic thrombus (arrows) that fills the lumen of the right hepatic vein and extends into the IVC. (b) Right para-

median sagittal US image shows the IVC thrombus (arrows).

(21). They are more common in cases of retrans-
plantation and in the pediatric population. IVC
stenosis occurs acutely secondary to an anasto-
motic size discrepancy or suprahepatic caval kink-
ing from organ rotation. Delayed caval stenosis
may occur secondary to fibrosis, a chronic throm-
bus, or neointimal hyperplasia. Correlation of the
US findings, such as hepatomegaly, ascites, or
pleural effusions, with clinical symptoms is re-
quired to determine the severity of the stenosis.
Treatment includes balloon angioplasty and stent
placement (43).

US of IVC thrombosis may reveal obvious
vessel narrowing or an intraluminal echogenic
thrombus with no Doppler signal (Fig 8). In IVC
stenosis, there is a three- to fourfold increase in
velocity through the stenosis as compared with
that at the prestenotic segment (Fig 9). A signifi-
cant suprahepatic caval stenosis may result in re-
versed flow or absence of phasicity in the hepatic
veins (42).

Biliary Complications

Biliary complications are seen in up to 25% of
transplants (44). Eighty percent occur within the
first 6 months after transplantation, and the vast
majority of these occur within the first 3 months
(45). Complications include leaks, strictures,
stones or sludge, dysfunction of the sphincter of
0Oddi, and recurrent disease.

Leaks at the end-to-end biliary anastomosis,
although rare, are associated with significant mor-
bidity and occasional mortality (18). If a T tube
has been inserted, the leak most often occurs at
the site of T-tube entry into the duct. Nonanasto-
motic leaks, remote from the T-tube entry point,
are associated with hepatic artery thrombosis in
89% of cases (42). The bile extravasates freely
into the peritoneal cavity or forms a perihepatic
fluid collection. The clinical presentation is vari-
able, ranging from mild abdominal symptoms to
septicemic shock. Treatment includes biliary
stent placement and drainage of collections. Most
bile leaks are sterile. Cholangiography is the stan-
dard test.
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Figure 9. IVC stenosis. (a, b) Right paramedian sag-
ittal gray-scale US (a) and color Doppler (b) images
show focal narrowing of the IVC lumen with associated
flow turbulence secondary to a stricture at the distal
IVC anastomosis (arrows). (¢) Spectral Doppler image
shows a twofold increase in velocity between the pre-
stenotic (right arrow) and poststenotic (left arrow) IVC
segments with turbulent flow in the poststenotic seg-
ment. A satisfactory waveform could not be obtained at
the stenosis due to artifact from the surgical sutures.
Although the stenosis was significant at gray-scale and
Doppler US, the patient was asymptomatic and the re-
ferring clinicians decided to monitor the stenosis with
US follow-up.
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Figure 10. Anastomotic stricture of the
bile duct. (a) Right paramedian sagittal US
image shows focal narrowing of the middle
portion of the common bile duct (arrow) at
the surgical anastomosis. (b) Correspond-
ing image from endoscopic retrograde
cholangiopancreatography shows the nar-
rowing (arrow). (c) Color and spectral
Doppler image of the main hepatic artery
shows a normal waveform.

Strictures can occur at anastomotic and non-
anastomotic sites. Anastomotic strictures are sec-
ondary to scar tissue causing retraction and nar-
rowing of the common bile duct at the suture site.
They often require surgical or radiologic interven-
tion. US typically shows dilated intrahepatic
ducts with dilatation of the proximal common
bile duct to the level of the anastomosis (Fig 10).
The common bile duct distal to the anastomosis
is of normal or near-normal size.

Nonanastomotic strictures are most often sec-
ondary to ischemia caused by hepatic artery com-
promise. The blood supply to the distal common
bile duct (recipient) is rich because of collateral
flow, whereas the vascularity of the more proxi-
mal duct (donor) and of the intrahepatic ducts is
more tenuous and solely derived from the recon-
structed hepatic artery. The clinical presentation
consists of deranged liver function test results or
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progressive obstructive jaundice. Treatment in-
cludes balloon dilation with or without percuta-
neous transhepatic biliary drainage. The strictures
often commence at the hepatic hilum and extend
peripherally or may be intrahepatic and multiple.
US shows focal segmental intrahepatic or hilar
ductal dilatation without an obvious obstructing
mass or stone. If intrahepatic dilatation is identi-
fied in the posttransplantation liver, the hepatic
artery should be carefully examined, with particu-
lar attention paid to the color and spectral signal
to determine if there is any arterial compromise.
Rarely, partial or complete sloughing of the
biliary epithelium occurs due to necrosis of the
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Figure 11. Sloughing of biliary epithelium in a liver transplant recipient with known hepatic artery thrombosis and
biliary necrosis. (a) Transverse US image shows distention of the common bile duct by echogenic intraluminal mate-
rial (arrows), which represents sloughed biliary epithelium. (b) Coronal MR image of the porta hepatis, obtained af-
ter administration of a biliary excreting agent, shows a filling defect within the biliary tree confluence (arrows), which
represents the sloughed epithelium. (c) Contrast-enhanced CT image shows the “cutoff” of the main hepatic artery
(large arrow). Short arrows = surgical sutures of the hepatic artery anastomosis. (d) Color Doppler image obtained
at the porta hepatis shows no flow in the hepatic artery. Only portal vein flow is seen (red areas). (Fig 11b courtesy of
K. Khalili, MD, Princess Margaret Hospital, Toronto, Ontario, Canada.)

biliary tree (46). This serious complication should obstruction or leakage and is associated with

be suspected if US reveals marked dilatation of acute rejection, ischemia, or cholangitis. US may
the intrahepatic biliary tree with accompanying demonstrate irregularity of the intrahepatic bile
echogenic intraluminal debris (Fig 11). The de- ducts with lack of normal tapering and increased
bris consists of a variable combination of the periductal echogenicity (47).

sloughed epithelium and biliary stones. General-
ized ductal change does occur in the absence of
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Figure 12. Biliary stone. (a) Right paramedian sagittal US image shows a distended common bile duct and a focal
echogenic calculus (arrow) with distal acoustic shadowing. (b) Corresponding CT image shows the calculus (arrow).

Stones and sludge, although infrequent after
transplantation, are associated with high morbid-
ity (48). Cyclosporine can alter the bile composi-
tion, inducing crystal formation in the common
bile duct, resulting in biliary sludge and stone for-
mation (46). Other causes include retained stones
within the graft or stones secondary to bile stasis
from biliary strictures (Fig 12).

Dysfunction of the sphincter of Oddi causes
hepatic dysfunction in a minority of transplant
recipients. It is thought to be secondary to devas-
cularization or denervation of the ampulla of
Vater, leading to dysfunction of the sphincter. US
shows diffuse dilatation of both the extrahepatic
donor duct and the native duct without evidence
of an anastomotic bile duct stenosis. After sphinc-
terotomy, there is usually reversal of both the
ductal dilatation and the deranged liver function
test results.

Recurrence of primary sclerosing cholangitis
occurs in up to 20% of cases with a mean interval
of 350 days after transplantation (49). Definitive

US diagnosis may be difficult with gray-scale
evaluation, as the findings of mural biliary tree
irregularity and diverticulumlike outpouchings
are similar to those caused by severe hepatic ar-
tery compromise. Recurrent disease should be
suspected in patients who have undergone trans-
plantation for end-stage primary sclerosing
cholangitis and who demonstrate biliary ductal
dilatation or ductal wall thickening in the setting
of a normal Doppler arterial waveform (Fig 13).
Often, the diagnosis of recurrence relies on histo-
logic findings.

Neoplastic Complications
Neoplastic disease in the transplanted liver may
represent recurrent neoplasia or posttransplanta-
tion lymphoproliferative disorder. Hepatocellular
carcinoma recurs most commonly in the form of
lung metastases, followed by multifocal lesions in
the liver graft (Fig 14) (50).

Posttransplantation lymphoproliferative disor-
der may complicate any organ transplantation.
The estimated frequency in adults after liver
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Figure 13. Recurrent sclerosing cholangitis 12 years after orthotopic liver transplantation. (a) Right paramedian
sagittal US image shows mural thickening of the common bile duct (arrows). However, the arterial Doppler wave-
form was normal. (b) Magnified view shows the abnormality (arrows).

a. b.

Figure 14. Recurrent hepatocellular carcinoma in a 49-year-old man 10 months after transplantation for alcoholic
cirrhosis. Pathologic analysis of the liver explant at the time of transplantation revealed previously undiagnosed mul-
tiple microscopic foci of hepatocellular carcinoma. (a) Median sagittal US image shows a large mass of mixed echo-
genicity in the right hepatic lobe (arrows). (b) Corresponding contrast-enhanced CT image shows the mass (arrows).

transplantation is 2%—8.4% (51); it most typi- usually of the B-cell lineage. There is a range of
cally manifests within the first year, often 4—12 severity of disease from benign mononucleosis to
months after transplantation (52). The chronic fulminant lymphoma. It is strongly associated

immunosuppression required to prevent organ
rejection causes unregulated lymphoid expansion,
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Figure 15. Posttransplantation lymphoproliferative disease. (a) Transverse US image shows a large, heteroge-
neous, echogenic mass (arrows) that effaces and displaces the porta hepatis. Biopsy demonstrated posttransplantation
lymphoproliferative disease. (b) Contrast-enhanced CT image obtained at a different level shows the mass (arrows),

which encases the vasculature at the porta hepatis.

Figure 16. Infarctina 56-
year-old woman with hepatic
artery thrombosis 9 days after
orthotopic liver transplanta-
tion. US (top left) and CT
(top right) images show a pe-
ripheral parenchymal infarct
() in segment 6 of the liver.
Doppler spectrum for the in-
trahepatic artery (bottom)
shows an abnormal tardus-
parvus waveform (arrow); this
flow originates from collateral
pathways.

with the Epstein-Barr virus. Any organ can be
involved, including the lymph nodes, lungs, and
gastrointestinal tract. Involvement of the liver
may be extra- or intrahepatic. Extrahepatic dis-
ease, the more common type, is identified as a
poorly defined hypoechoic soft-tissue mass that
often encases or narrows the hilar structures (Fig
15). Intrahepatic disease may manifest as a solid
focal hypoechoic mass or more commonly as a
diffuse infiltrative process (52,53).

Parenchymal Complications
Parenchymal disease may take the form of a focal
mass or a diffuse parenchymal abnormality. The
differential diagnosis for a focal mass in the trans-
planted liver is wide and includes infarct, abscess,
preexisting donor disease, biloma, metastatic dis-
ease, or posttransplantation lymphoproliferative
disorder.

Of particular importance is recognition of the
parenchymal manifestations of hepatic artery
thrombosis and stenosis: infarcts and abscesses.
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Figure 17. Infarctin a 42-year-old woman with fatigue 5 years after liver transplantation. The fatigue was second-
ary to delayed hepatic artery thrombosis, which led to extensive infarction of the liver. (a) Transverse US image of
the liver shows a large area of heterogeneous parenchyma with central hypoechoic areas (arrows), which represent
necrosis. (b) Corresponding contrast-enhanced CT image shows the infarct (arrows).

Figure 18. Biopsy-proved infarct in a 35-year-old patient 4 months after orthotopic liver transplantation for
fibrolamellar carcinoma. (a) Midline transverse US image shows an echogenic focus with a hypoechoic rim (ar-
row) in the left hepatic lobe. (b) Corresponding contrast-enhanced CT image shows the lesion (arrow).

The morphologic appearance of infarcts after
transplantation is variable. They may manifest as
round or geographic lesions, which are often solid
and contain central hypoechoic areas reflecting
liquefaction and necrosis (Figs 16—18). Intrapa-
renchymal gas may be identified within the infarct
as small highly echogenic flecks, which display
dirty shadowing posteriorly secondary to rever-

berative artifact. There should be accompanying
supportive Doppler evidence of arterial compro-
mise. The US appearance of abscesses varies with
abscess maturation. Classically, abscesses have
thick walls with central hypoechoic areas and, as
with infarcts, may contain gas (Fig 19).



1110 September-October 2003

RadieGraphics

RG H Volume 23 « Number 5

Figure 19. Abscess in a 57-year-old man with fever and rigor 6 months after orthotopic liver transplantation for
primary sclerosing cholangitis. (a) Transverse US image shows a focal mass in the left hepatic lobe. The mass dem-
onstrates highly echogenic air (arrows) and posterior dirty shadowing, which could easily be mistaken for gas in an
adjacent bowel loop. (b) Corresponding CT image shows the lesion (arrows).

.m-‘ ﬂ_"‘ lé

Figure 20. Preexisting lesion in a liver implant. Transverse US images show a round hematoma in segment
4b as a focal, well-defined cystic structure with dependent internal echoes, which delineate a fluid-fluid level
(arrowheads in b). The donor had been in a motor vehicle accident.

Benign lesions such as hemangioma or liver
cysts are relatively commonplace in the trans-
planted liver and have the same range of US ap-
pearances as in native livers. If the donor was in-
volved in a motor vehicle accident, a focal mass
identified at initial US of the implant may repre-
sent a hematoma (Fig 20). Bilomas are usually

focal hypoechoic round lesions with thin walls.
There is often an accompanying history of recent
percutaneous biopsy. Focal lesions may be due to
metastatic disease from a distant primary tumor
such as a colon or lung tumor or, as described
earlier, may represent focal posttransplantation
lymphoproliferative disorder.

The differential diagnosis for diffuse parenchy-
mal abnormality in the transplanted liver is also
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wide and includes rejection, ischemia, hepatitis,
and cholangitis. Narrowing the differential diag-
nosis is dependent not only on the US appear-
ances of the liver transplant but also on the timing
and symptoms of clinical presentation. Often,
histopathologic analysis provides the final answer.
The US appearances of rejection are nonspe-
cific, and often the only identifiable abnormality
is heterogeneity of the liver parenchyma. There is
no correlation with the Doppler waveforms, resis-
tive index, or acceleration time of the transplant
(54-56). Ischemia also causes diffuse parenchy-
mal heterogeneity, but there is usually supportive
Doppler evidence of arterial compromise. If hepa-
titis recurs in the transplanted liver, there is ac-
companying biochemical evidence. Reinfection
with the hepatitis C virus occurs in nearly all pa-
tients who have undergone liver transplantation

Figure 21. Acute and subacute fluid collections.

(a) Transverse US image shows an isoechoic acute he-
matoma as an echogenic mass (arrows) with echogenic-
ity similar to that of adjacent liver tissue. Acute hema-
tomas can be difficult to detect, as they are often iso-
echoic relative to adjacent liver tissue. (b, ¢) Subacute
hematoma in a 52-year-old man 10 days after ortho-
topic liver transplantation. Right paramedian sagittal
(b) and corresponding transverse (¢) US images show
a complex, septated, avascular fluid collection (arrows
in b) in the hepatorenal space. The fluid collection ex-
tends to the bare area of the liver (B in b), a location
not identified in the native liver.

for hepatitis C virus cirrhosis. In the majority of
patients (80%—85%), the infection appears to be
benign at short-term and medium-term follow-
up, with survival rates comparable with those of
patients who undergo transplantation for nonviral
chronic liver diseases. Whether progression to cir-
rhosis will occur in the majority of patients with
longer follow-up remains uncertain. However, a
small subset of patients who receive transplants
for hepatitis C will develop fibrosing cholestatic
hepatitis and progress rapidly to liver failure (3).
Autoimmune hepatitis also recurs after liver
transplantation. These patients are often main-
tained at a higher level of immunosuppression to
prevent recurrence. Cholangitis may cause diffuse
parenchymal change with accompanying biliary
abnormalities (57).

Perihepatic Complications

Fluid collections and ascites occur commonly
after transplantation. Owing to the surgical re-
moval of the normal peritoneal reflections, fluid
can accumulate around the bare area of the liver,
a location not identified in the preoperative native
liver (Fig 21). A right-sided subhepatic hematoma,
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Figure 22. Adrenal hemorrhage. (a) Transverse US image shows a hypoechoic nodule (arrow) in the hepato-
renal space. The nodule represents focal adrenal hemorrhage secondary to intraoperative venous infarction.
(b) Corresponding CT image shows the nodule (arrow).

seen as a complex fluid collection involving the
bare area, is an early observation in many trans-
plant recipients. Although US is highly sensitive
in detection of fluid collections, it is not specific.
Ascites, bile, blood, pus, or lymph may all have a
similar appearance of a simple fluid collection.
However, there are certain US features that may
be more specific. Particulate ascites is seen with
blood and pus. Carcinomatosis also gives rise to
particulate ascites, but this would be an atypical
cause in the setting of recent liver transplantation.
In the immediate postoperative period, a hema-
toma is classically seen as an avascular fluid col-
lection with internal echogenic strands that often
involves the bare area of the liver. Acute hemor-
rhage can appear uniformly echogenic and may
mimic a solid mass. Enlargement of the right ad-
renal gland is often identified at US in the early
postoperative period. During surgery, the right
adrenal gland undergoes venous ischemia, caus-
ing the gland to become hemorrhagic and en-
larged (Fig 22).

Conclusions
Liver transplantation is an accepted and success-
ful form of treatment for a variety of irreversible
acute and chronic liver diseases. Comprehensive
patient care, advances in surgical technique, and
the development of new immunologic agents have
all led to a decrease in mortality and morbidity
from liver transplantation. Radiologists play a
vital role in the postoperative care of transplant
recipients. Awareness of both the normal and ab-
normal US appearances of liver transplants per-

mits prompt recognition and treatment of associ-
ated complications.
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