The liver serves many essential physiological functions,
among them glycogen storage, biliary metabolism, and
coagulation factor synthesis. It is important for the radiol-
ogist to recognize compromise to the hepatic arterial
and venous systems, including iatrogenic, malignant, and
infectious causes. This article will explore computed
tomography (CT), magnetic resonance imaging (MRI),
and ultrasound (US) imaging features of hepatic arterial
and venous flow abnormalities.

HEPATIC HYPOPERFUSION

Decreased hepatic vascular inflow, secondary to portal
vein and/or hepatic arterial abnormalities, may result in a
wide range of clinical presentations ranging from little
effect, ischemia, which is generally reversible, or infarc-
tion, which can lead to permanent or emergent liver fail-
ure. A global hypotensive or hypoxic event, such as
severe acute blood loss, may result in “shock liver” or
"ischemic hepatitis,” an entity describing hypoperfusion
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of the liver. This condition may manifest with hypoen-
hancement of all or part of the hepatic parenchyma on
contrast-enhanced images.” Shock liver is uncommonly
seen due to the dual hepatic blood supply and sympa-
thetic autoregulation of the hepatic arteries, but when
present, it is often accompanied by hypoperfusion of
other abdominal viscera.” If the cause of hypovolemia is
addressed, the liver parenchyma usually recovers.

HEPATIC ARTERY OCCLUSION

In centers that offer liver transplantation, posttrans-
plant patients comprise the largest population affected
by hepatic artery occlusion. Other iatrogenic causes
include endovascular procedures, in which thrombosis
may develop at sites of catheterization (Fig. 1), and unin-
tentional ligation of an artery during surgery, most com-
monly during laparoscopic cholecystectomy, leading to
thrombosis. Alternatively, vasculitis, which can cause
severe arterial narrowing, may put a patient at risk for

Abbreviations: CT, computed tomography; IVC, inferior vena cava; MR, magnetic resonance; MRI, magnetic resonance imaging;

UsS, ultrasound.
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FIG 1 Postoperative aortic and celiac thrombosis. Axial (A, B)
and sagittal (C) postcontrast CT images demonstrate a wedge-
shaped area of low attenuation in the left hepatic lobe (A)
(arrowhead), representing transient hepatic attenuation differ-
ence secondary to hypoperfusion caused by aortic thrombus
extending into the celiac trunk, (B, C) (arrows) which formed
after endovascular treatment for median arcuate ligament
syndrome.

occlusion. Atherosclerosis can lead to thrombosis; this
cause would be favored if other areas of arterial plaque
formation are present on imaging. Thrombosis may also
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occur at sites of aneurysm or focal dilation of a vessel
caused by changes in blood flow dynamics. Aortic dissec-
tion can extend into branch vessels and impede hepatic
blood flow.> In the obstetric population with HELLP
(hemolysis, elevated liver enzymes, low platelets) syn-
drome, fibrin deposition can lead to microvascular occlu-
sion, placing these patients at risk for infarction and
rupture.

US is the first line modality for evaluating liver trans-
plants for arterial occlusion. This typically manifests on
US with low resistive indices in the distal hepatic arteries,
prompting evaluation of the arterial anastomosis. If visi-
ble under US, a severe stenosis may cause elevated flow
velocities, tissue vibration, and aliasing. Complete occlu-
sion will show an absence of flow on color Doppler.
When not seen under US, CT or magnetic resonance
(MR) angiography may demonstrate occlusion of a
hepatic artery, characterized by a nonenhancing filling
defect on CT or MRI. If one or more of the hepatic arter-
ies is occluded, particularly in the setting of simultaneous
portal venous compromise, the liver is at risk for infarc-
tion. On contrast-enhanced CT or MRI, infarction appears
as a wedge-shaped area(s) of hypoattenuation at the
periphery. These areas are T;-hypointense and T,-hyper-
intense on MRI and may be hypoechoic on US. Potential
sequelae of infarction include bile duct necrosis and
biloma formation (Fig. 2), atrophy of the affected seg-
ments, and potentially superimposed infection,* which
could be suspected if gas is present on imaging. It is
important to note that this is a nonspecific finding,
because gas formation may be seen in sites of hepatic
necrosis that are not infected.

PORTAL VEIN OCCLUSION

Responsible for approximately 75% of overall hepatic
perfusion, the portal vein must also be closely evaluated
by the radiologist for thrombosis. Patients who have
acute development of portal vein thrombus present with
abdominal pain, fever, and possibly diarrhea, ileus, and
gastrointestinal bleed. Hypercoagulable states, cirrhosis,
pancreatitis (Fig. 3), and history of splenectomy are risk
factors for the development of bland portal vein throm-
bus. Portal venous thrombosis, similar to arterial throm-
bosis, can be readily diagnosed with US showing a filling
defect on grayscale imaging and lack of flow on color
Doppler, although the latter finding may also be seen
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FIG 2 Bile duct necrosis and biloma formation after arterial occlu-
sion complicating liver transplantation. Arterial phase (A) and portal
venous phase (B) postcontrast fat-saturated Ty-weighted MRI sequen-
ces show an occluded arterial conduit for transplant (arrows). Biliary
necrosis resulted in multiple intrahepatic biliary strictures, seen on the
T,-weighted maximum intensity projection MRCP image (C), and
intrahepatic fluid collections consistent with bilomas (arrowheads),
seen on the T,-weighted single-shot fast spin-echo MR image (D).
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with low-velocity flow as well. CT and MRI can also diag-
nose thrombosis of the portal vein as a nonenhancing
filling defect acutely. In contrast, chronic portal vein
thrombosis presents with a small-caliber, potentially cal-
cified vein and collateral formation, including cavernous
transformation, collateral flow with multiple small
tortuous vessels in the liver hilum. Signs of portal

FIG 3 Portal venous thrombosis secondary to pancreatitis. Axial
postcontrast CT images (A-C) demonstrate retroperitoneal fluid
and fat stranding surrounding the pancreatic body and tail (C)
(arrowhead), consistent with acute pancreatitis. There is associ-
ated thrombosis of the splenic vein that extends to the portos-
plenic confluence, where there is nearly occlusive thrombus in
the main portal vein (A) (arrow).
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hypertension may also be seen including splenomegaly
and varices.

Portal vein tumor thrombus should be considered if
the clot enhances after contrast administration. The
“thread and streak” sign, vascular channels running
through and around the intraluminal tumor cast, can be
seen on angiographic studies.> On US, the combination
of color flow within the thrombus and Doppler pulsatility
is a strong indicator of tumor thrombus.® Hepatocellular
carcinoma, pancreatic cancer, cholangiocarcinoma, and
metastatic gastrointestinal adenocarcinomas are classi-
cally associated with portal vein tumor thrombus (Fig. 4).

Suppurative thrombophlebitis of the portal vein, or
pylephlebitis, may also result in occlusion. It often devel-
ops adjacent to a pyogenic hepatic abscess and is usually
secondary to an ascending cause such as diverticulitis or
appendicitis.” The presence of a visible ascending infec-
tion or an adjacent hepatic abscess allows radiologists to
suggest this diagnosis. Follow-up CT or MRI is often nec-
essary, however, due to the overlap in the imaging fea-
tures of malignant and inflammatory venous thrombosis.

HEPATIC VEIN OCCLUSION

Hepatic venous outflow obstruction results in hepatic
congestion, which can interfere with perfusion because
of increased sinusoidal pressure. Budd-Chiari syndrome
occurs with obstruction of the hepatic veins or inferior
vena cava (IVC). Most commonly caused by hypercoagu-
lable states, it may also be secondary to malignant inva-
sion, most commonly in the setting of hepatocellular
carcinoma, but also with primary renal, adrenal, and IVC
tumors. Acutely, imaging findings include hepatomegaly
with mottled or “nutmeg” appearance of the paren-
chyma, venous filling defects, and ascites. In chronic
Budd-Chiari syndrome, the liver continues to demon-
strate a nutmeg appearance, with atrophy of the
affected segments and collateral formation (Fig. 5); if the
caudate was not involved (because of its separate venous
drainage), it may be hypertrophied with relatively
increased enhancement.®

Similar in pathophysiology to Budd-Chiari syndrome,
hepatic veno-occlusive disease can be seen after radia-
tion or ingestion of pyrrolizidine alkaloids. Nonvisualiza-
tion of the hepatic veins along with periportal and
gallbladder wall edema should prompt a suspicion for
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this diagnosis in at-risk patients.” When this disease
occurs in patients who have undergone bone marrow
transplantation after ablative chemotherapy, it is termed
sinusoidal obstruction syndrome. In this case, the hepatic
veins may remain patent, with reversal of flow within the
portal vein due to sinusoidal obstruction. Long-term

FIG 4 Portal vein tumor thrombus. Axial noncontrast (A) and
postcontrast arterial (B) and portal venous (C) phase Ty three-
dimensional gradient-echo fat-saturated MR images demonstrate
a hypointense lesion in the right lobe of the liver (arrowhead),
consistent with hepatocellular carcinoma. An enhancing tumor
thrombus is seen in the adjacent portal vein (C) (arrow).
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FIG5 Acute versus chronic Budd-Chiari syndrome. Postcontrast
axial CT images (A and B) show a large, heterogeneous liver, asci-
tes (arrowhead), and nonvisualization of the hepatic veins. Post-
contrast Tq-weighted MR image (C) demonstrates the classic
“nutmeg” appearance of the parenchyma, surface nodularity
(a sign of atrophy), and collateral formation (arrow).

oxaliplatin  administration has caused a similar

phenomenon.'®

Comparable with pylephlebitis, hepatic vein thrombo-
phlebitis is usually associated with an adjacent hepatic
abscess (Fig. 6). Klebsiella pneumoniae abscesses are
classically associated with hepatic vein thrombophlebitis,
but it has also been described in cases of Escherichia coli,
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nonhemolytic streptococci, and anaerobic abscesses.'’
Diabetic and immunocompromised patients are at rela-
tively greater risk for acquiring abscesses, which can

FIG 6 Hepatic vein thrombophlebitis. Coronal (A) and axial
(B, C) CT images show an abscess in the dome of the liver (A),
which has associated thrombosis of the middle hepatic vein (A)
(arrowhead), as well as the right main portal vein (B). The patient
improved after treatment for cholangitis arising from an obstruct-
ing common bile duct stone (C) (arrow).
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develop secondary to biliary or hematogenous spread or
trauma.
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