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SA-CME LEARNING
OBJECTIVES FOR TEST 2

After completing this journal-based SA-
CME activiry, participants will be able to:

m Describe the anatomy of the porta
hepatis and its adjacent peritoneal reflec-
tions.

m Discuss the wide array of diseases that
affect the porta hepatis and its role as a
pathway for disease spread.

m Identify the role of imaging in diagnosis
and management of diseases of the porta
hepatis.
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A wide array of pathologic conditions can arise within the porta
hepatis, which encompasses the portal triad (the main portal
vein, common hepatic artery, and common bile ducts), lymphat-
ics, nerves, and connective tissue. Major vascular diseases of the
portal triad include thrombosis, stenosis, and aneurysm. Portal
vein thrombosis can complicate liver cirrhosis and hepatocellular
carcinoma and has important therapeutic implications. Hepatic
artery thrombosis and stenosis require immediate attention to re-
duce graft loss in liver transplant recipients. Congenital (eg, chole-
dochal cyst) and acquired (benign and malignant) diseases of the
biliary system can manifest as mass lesions in the porta hepatis.
Lymphadenopathy can arise from neoplastic and nonneoplastic
entities. Uncommon causes of mass lesions arise from nerves (eg,
neurofibroma, neurofibrosarcoma) and connective tissue (sarco-
mas) and are rare. The hepatoduodenal ligament is a peritoneal
reflection at the porta hepatis and is an important route for the
spread of pancreatic and gastrointestinal cancers. Imaging plays
a major role in diagnosis and enables appropriate management.
Ultrasonography accurately demonstrates anatomic variations
and pathologic conditions and is the initial modality of choice for
detection of vascular and biliary lesions. Multidetector computed
tomography and magnetic resonance imaging allow characteriza-
tion and differentiation of various masses in the porta hepatis.
Imaging-guided interventions, including embolization and stent
placement, also play a key role in disease management.

©“RSNA, 2014 - radiographics.rsna.org

Introduction
The complex anatomic architecture of the porta hepatis makes imag-
ing of this region challenging as well as critical. A wide spectrum of
neoplastic and nonneoplastic pathologic conditions can occur in the
structures that form the porta hepatis (Table 1). Advances in imag-
ing modalities and improved spatial resolution of current imaging
techniques have enabled greater accuracy in diagnosing these condi-
tions. We describe the anatomy of the porta hepatis and review the
clinical, pathologic, and imaging features of various diseases involv-
ing the porta hepatis.

Qo
>
(7]
-]
~
=
<
-]
m
(%]
=
<
>
F
S
>
2
4
a




RadioGraphics

Teaching
Point

74 )anuary-February 2014

Radiologic Anatomy
The porta hepatis, or hilum of the liver, is a deep,
short, transverse fissure that passes across the left
posterior aspect of the undersurface of the right
lobe of the liver. It separates the caudate lobe and
process from the quadrate lobe and meets the
left sagittal fossa perpendicularly (1). The porta
hepatis transmits the portal triad—formed by the
main portal vein, proper hepatic artery, and com-
mon hepatic duct—as well as nerves and lym-
phatics (1). The portal vein, proper hepatic ar-
tery, and nerves derived from the left vagal trunk
and sympathetic plexus ascend the porta hepatis,
whereas the common bile duct and lymphatics
descend the porta hepatis. All of these structures
are enveloped in the free edge of the lesser omen-
tum or hepatoduodenal ligament, loose areolar
tissue, and the fibrous capsule of Glisson. The
hepatoduodenal ligament also envelops the gall-
bladder neck and cystic duct and distally inserts
between the first and second portions of the duo-
denum (Fig 1).

Within the porta hepatis, the common bile
duct and proper hepatic artery typically are
located anterior to the portal vein, with the com-
mon bile duct to the right and the proper hepatic
artery to the left (Fig 1). The proper hepatic
artery branches into the right and left hepatic
arteries, with the right hepatic artery passing
between the portal vein and common bile duct.
Several variations in this relation can occur, some
of which are due to aberrant and accessory he-
patic arteries. Lymphatic channels in the hepa-
toduodenal ligament drain the liver, gallbladder,
bile ducts, duodenum, stomach, and pancreas
into the paraaortic nodes near the origin of the
superior mesenteric artery (2). The nerves that
course through the porta hepatis are branches of
the left vagus nerve and sympathetic branches of
the celiac plexus.

Imaging Modalities for Evaluation
Ultrasonography (US) is the most widely used,
inexpensive, easily available modality for evalua-
tion of the porta hepatis (Table 2).The availabil-
ity of high-resolution transducers has increased
the sensitivity of US for daily practice. Color,
spectral, and power Doppler US provide indis-
pensable information about the vascular struc-
tures in the porta hepatis. The common hepatic
duct is seen on gray-scale US images as a linear
tubular structure anterolateral to the portal vein
with echogenic walls and an anechoic lumen. The
normal portal vein has an anechoic lumen and
low-velocity hepatopedal venous flow with char-
acteristic phasicity. The hepatic artery shows pul-
satile high-velocity arterial flow. Advances such
as three-dimensional US and US contrast agents

radiographics.rsna.org

Table 1: Spectrum of Vascular and Nonvascular
Diseases of the Porta Hepatis

Disease Type and Location

Vascular
Main portal vein
Thrombosis
Stenosis
Aneurysm
Gas
Common hepatic artery
Thrombosis
Stenosis
Aneurysm
Nonvascular
Biliary tree
Cholangiocarcinoma
Intrabiliary metastasis
Benign stricture
Choledochal cyst
Lymphatics, nerves, and connective tissue
Lymph nodes
Benign reactive lymph nodes
Noninfectious inflammatory disease
Infectious disease
Metastasis
Lymphoma
PTLD
Nerves
Schwannoma
Neurofibroma
Neurofibrosarcoma
Connective tissue
Rhabdomyosarcoma
Granulocytic sarcoma

Note.—Miscellaneous pathologic features include
periportal edema, fluid collection, laceration, arti-
facts, and structures that act as pathways of disease
spread. PTLD = posttransplant lymphoprolifera-
tive disorder.

have added a new dimension to US examinations
of the porta hepatis. However, the relatively low
accuracy and operator dependence of US often
necessitate additional investigation with other im-
aging modalities.

MDCT is the imaging modality of choice for
comprehensive evaluation of the porta hepatis
(Table 2). Multiphasic image acquisition in the
unenhanced, arterial, venous, and delayed phases
allows assessment of the dynamic enhancement
characteristics of benign and malignant diseases
of the porta hepatis. The common bile duct ap-
pears at MDCT as a linear fluid-filled structure
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Figure 1. Radiologic anatomy of the porta hepatis. (a) Anatomic diagram of the inferior surface of the liver (viewed
from below) shows the major anatomic relations of the porta hepatis. CBD = common bile duct, CHA = common he-
patic artery, GB = gallbladder, IT'C = inferior vena cava, MPV = main portal vein. (b) Axial contrast-enhanced CT im-
age shows the relations of the common bile duct (white arrow), common hepatic artery (black arrow), main portal vein
(white arrowhead), and inferior vena cava (black arrowhead). (c) Anatomic diagram (anterior view, with liver retracted
anteriosuperiorly) shows the major ligaments related to the porta hepatis. (d) Coronal contrast-enhanced CT image
shows the relation of the porta hepatis to the surrounding viscera. The common bile duct (white arrow), common

hepatic artery (black arrow), and main portal vein (arrowhead) are transmitted through the porta hepatis.
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with no perceptible wall. The normal portal

vein has a diameter of 11-13 mm and enhances
uniformly in the portal venous phase (6070
seconds after contrast agent administration). The
hepatic artery is well demonstrated in the arte-
rial phase (20-25 seconds after contrast agent
administration) and with MDCT angiography.
Multiplanar reformations and advanced post-
processing techniques increase the diagnostic
accuracy of MDCT. Exposure to radiation and
nephrotoxicity of contrast media are some of the
limitations of MDCT.

MR imaging is often used as a problem-
solving tool because of its superior soft-tissue
resolution (Table 2). Bile in the common he-
patic duct gives rise to its high signal intensity
on MR images. The portal vein and hepatic
artery demonstrate flow voids at routine MR
imaging sequences. The newer fast MR imag-
ing sequences allow shorter imaging times with
improved image quality. Dynamic imaging after
gadolinium-based contrast agent administra-
tion and diffusion-weighted imaging can help
differentiate benign from malignant tumors.
MR cholangiography is the imaging modality
of choice for the biliary tree and is preferred
over ERCP for initial evaluation. FDG PET/CT
is increasingly used to characterize and stage
malignant diseases of the porta hepatis, notably
cholangiocarcinoma (3).
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Table 2: Utility of Various Modalities for Imaging of the Porta Hepatis

Imaging Modality

Utility

UsS

Color and spectral Doppler US
MDCT

volume rendering
MDCT angiography
MR imaging
Multiplanar T'1- and T2-weighted images, MRCP,

weighted imaging

PET/CT
FDG used as a tracer to detect metabolic activity

ERCP
lowed by contrast agent injection or interventions
such as balloon dilation and stent placement

Conventional angiography

of the hepatic artery or portal vein, respectively

Gray-scale imaging: subcostal or intercostal approach

Multiphasic acquisition: unenhanced, arterial (20-25
sec), venous (60-70 sec), delayed (1-3 min) phases

Postprocessing techniques: multiplanar reformations,

dynamic gadolinium-enhanced imaging, diffusion-

Endoscopic cannulation of the common bile duct fol-

Percutaneous transarterial or transhepatic cannulation

Initial investigation of choice
Doppler US allows quantification of flow velocities

Most comprehensive investigation

Allows evaluation of most diseases of the porta
hepatis

Staging of malignancies

Demonstrates arterial anatomy

Problem-solving tool
Useful for patients with contraindications to CT
Evaluation of biliary tree

Evaluation of malignancies such as cholangiocarci-
noma

Combined PET/CT allows better anatomic localiza-
tion

Diagnosis and treatment of biliary strictures

Diagnosis and management of aneurysms or stenosis
in the hepatic artery and portal vein

Note.—CT = computed tomography, ERCP = endoscopic retrograde cholangiopancreatography, FDG = fluo-
rine 18 fluorodeoxyglucose, MDCT = multidetector CT, MR = magnetic resonance, MRCP = MR cholangio-
pancreatography, PET = positron emission tomography.

Spectrum of Disease
A broad classification of diseases that affect the
porta hepatis includes vascular and nonvascular
pathologic conditions. The salient imaging fea-
tures of diseases encountered in the porta hepatis
are summarized in Table 3.

Vascular Diseases
Diseases of the Portal Vein

Portal Vein Thrombosis.—Thrombosis of the por-
tal vein is seen with various pathologic conditions.
Common causes include cirrhosis; cholangitis;
pancreatitis; appendicitis; diverticulitis; neoplasms
such as hepatocellular carcinoma and pancreatic
cancer; hypercoagulable states; and surgeries such
as liver transplantation, splenectomy, and por-
tosystemic shunt surgery (4). Bland portal vein
thrombosis occurs in 11.2%—-15.8% of cases of
cirrhosis because of hypertension-related portal
venous stasis (5,6) (Fig 2). Hepatocellular carci-
noma, by virtue of its portal venous drainage, can
invade the portal vein directly, resulting in malig-

nant portal vein thrombosis in up to 44% of cases
(6,7). The disease course in portal vein thrombosis
depends on the degree of thrombosis, extent of
collateralization, and duration of the thrombus.
Acute thrombosis can be asymptomatic, can ex-
acerbate preexisting portal hypertension, or can
result in variceal bleeding and shock (4). Chronic
thrombosis is associated with splenomegaly, gas-
troesophageal varices, ascites, and chronic gas-
trointestinal bleeding. Cavernous transformation of
the portal vein refers to multiple tortuous venous
collaterals at the porta hepatis that replace the oc-
cluded portal vein; this can occur as early as 20
days after thrombosis (8) (Fig 3).

US depicts acute thrombosis as a dilated por-
tal vein with absence of flow. Acute thrombus
can be anechoic, whereas subacute and chronic
thrombus is echogenic (9). Color Doppler US
allows real-time evaluation of portal venous
flow. Evaluation with spectral and power Dop-
pler US is essential to differentiate the slug-
gish flow seen with severe portal hypertension
from portal vein thrombosis. Prominent hepatic
artery inflow is an indirect sign of portal vein
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Table 3: Imaging Features of Vascular and Nonvascular Diseases of the Porta Hepatis

Location and Disease Type

Imaging Features

Portal vein
Thrombosis
Stenosis

Aneurysm
Gas

Hepatic artery
Thrombosis

Stenosis
Aneurysm

Biliary tree
Cholangiocarcinoma

Intrabiliary metastasis
Benign biliary stricture
Choledochal cyst
Lymphatics, nerves, and connective tissue
Lymphadenopathy
PTLD
Schwannoma or neurilemmoma

Neurofibroma
Sarcoma

Absent flow on color Doppler US images, lack of enhancement on MDCT or MR images; in acute thrombosis, echogenic or hyperattenuating
thrombus; in chronic thrombosis, cavernous transformation and calcification; in malignant thrombosis, high-signal-intensity thrombus on T2-
weighted images, neovascular channels, thrombus contiguous with the primary hepatic tumor, appearance similar to primary neoplasm

Focal narrowing of the portal vein and secondary portal hypertension; Doppler US better demonstrates velocity changes: focal aliasing,
three- to fourfold velocity gradient across the anastomosis

Focal dilatation of the portal vein (>20 mm) with or without thrombosis, portal hypertension, biliary obstruction

At US, reverberation artifacts; at MDCT, linear branching pattern of air in the portal vein and its branches; at MR imaging, air causes suscepti-
bility artifacts in the portal vein best seen on gradient-echo images with a long echo time (eg, T1-weighted in-phase images)

Lack of flow on color Doppler US images; lack of enhancement on MDCT and MR images; hepatic infarcts and secondary biliary com-
plications such as biliary necrosis, leak, and strictures

Focal narrowing is seen at the stenosis. Doppler US demonstrates velocity changes: parvus tardus waveform (RI < 0.55, AT > 70 msec)
distal to the site of stenosis, high velocity (PSV > 200 cm/sec) at the stenosis

Focal outpouching with turbulent flow on color Doppler images, contrast agent—filled outpouching on MDCT and MR images, vascular
anatomy depicted with MDCT angiography, conventional angiography used for diagnosis and therapy

Multiphasic MDCT or MR imaging is the modality of choice. Hilar cholangiocarcinoma is most commonly infiltrative and less common-
ly mass-forming or polypoidal. MRCP demonstrates a hilar stricture with biliary enhancement. A hypo- to isoattenuating or isointense
mass is characteristically seen on arterial phase and venous phase images, with progressive enhancement in the delayed phase. MR
imaging has higher accuracy for determining resectability. PET/CT is used for staging.

Enhancing intrabiliary mass within the lumen of the CBD on MDCT and MR images; concurrent intrahepatic metastasis and history of
primary malignancy (colorectal cancer is the most common) are helpful clues

Typically short-segment stricture without wall enhancement, wall thickening, or mass on MDCT and MRCP images; common causes are
iatrogenic (eg, after cholecystectomy or after OLT), PSC, IgG4 sclerosing disease, and Mirizzi syndrome

Segmental or diffuse CBD dilatation is seen at US, MDCT, and MRI. MDCT and MR imaging better demonstrate anatomic features
and complications such as choledocholithiasis and malignant transformation. MRCP also depicts a coexistent underlying anomalous
pancreaticobiliary junction.

Enlarged lymph nodes (>6 mm in short-axis diameter) surround the portal vein and hepatic artery; bulky homogeneous nodes suggest
low-grade lymphoma; necrotic nodes suggest metastasis, infection, and high-grade lymphoma. Reactive enlarged lymph nodes can be
seen in patients with cirrhosis and indicate an immunologic response of the host to the hepatitis C virus.

Characteristic ill-defined periportal soft-tissue mass, often with encasement of hilar structures with mass effect and displacement; usually
hyperintense on T2-weighted images with variable enhancement

Well-encapsulated mass with or without calcification and cystic change; heterogeneous and predominantly central enhancement

Unencapsulated hypoattenuating periportal sheathlike mass, often infiltrative; encases porta hepatis vessels, usually minimally enhancing

Large mass with heterogeneous attenuation, signal intensity, and enhancement; nonspecific imaging characteristics; surgical excision
required for definitive diagnosis

Note.—AT = acceleration time, CBD = common bile duct, OLT = orthotopic liver transplant, PSC = primary sclerosing cholangitis, PSV = peak systolic velocity, RI = resistive index.
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Figure 2. Portal vein thrombosis in a patient with
liver cirrhosis. Axial contrast-enhanced CT image
shows an absence of portal vein enhancement and

a hypoattenuating thrombus in the lumen (arrow).

Cirrhotic changes are seen in the liver, with portal
hypertension in the form of ascites, splenomegaly,
and extensive portosystemic collaterals.

Figure 3. Chronic portal vein thrombosis. Axial
contrast-enhanced CT image shows cavernous
transformation of the main portal vein (arrows)
with multiple, dilated, tortuous epicholedochal
and paracholedochal collaterals at the porta hepa-
tis that form the portoportal collateral pathway.

thrombosis (8). Cross-sectional CT and MR
imaging demonstrate the thrombus to a better
advantage. Acute thrombosis is usually high at-
tenuating on unenhanced CT images, whereas
chronic thrombosis may manifest with calcifica-
tions in the expected location of the portal vein
(8). Contrast-enhanced MDCT reveals a par-
tial or complete filling defect in the portal vein
and peripheral rim enhancement of the portal
vein in the acute phase. Subacute and chronic
thrombosis usually manifests as cavernous trans-
formation of the portal vein, splenomegaly, and
extensive portosystemic collateralization caused
by extrahepatic portal hypertension. The hepatic
parenchyma can show abnormal peripheral
high-attenuation patches in the hepatic arterial
phase or decreased enhancement in the portal
venous phase (8).

radiographics.rsna.org

Figure 4. Portal vein thrombosis in a patient with
hepatocellular carcinoma. Coronal contrast-enhanced
arterial phase CT shows a hypervascular mass (black
arrows) extending contiguously into the portal vein
(white arrows). The portal vein is expanded and has
neovascular channels, findings that suggest a malignant
tumor thrombus.

Imaging also helps differentiate bland throm-
bosis from tumor thrombosis in patients with
cirrhosis or hepatocellular carcinoma (Fig 4). Ma-
lignant portal vein thrombosis is characterized at
imaging by expansile dilatation of the portal vein
and intermediate to high signal intensity on T2-
weighted images. In contrast, MR images of bland
portal vein thrombosis usually show normal portal
vein caliber and low T2-weighted signal intensity
because of hemosiderin within the thrombus. A
malignant thrombus shows arterial neovascularity
with enhancement similar to the primary tumor
and often is contiguous with the primary tumor
(6) (Fig 4). Acute portal vein thrombosis is treated
with anticoagulation therapy. Thrombolysis and
surgical thrombectomy are performed in selected
cases. Chronic portal vein thrombosis may require
shunt surgery to relieve the symptoms and signs
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Figure 5. Portal vein stenosis after liver transplan-
tation. Transverse color Doppler US image shows
focal narrowing of the portal vein (arrow) at the
anastomosis with distal turbulent flow. An increased
velocity gradient was seen at spectral Doppler US
interrogation (not shown).

a. b.

Figure 6. Idiopathic aneurysm of the main portal vein. Axial gadolinium-enhanced fat-suppressed T 1-weighted

MR image (a) and transhepatic venogram (b) show a large portal vein aneurysm (arrows) with no evidence

of underlying liver disease or portal hypertension.

of portal hypertension (4). Malignant portal vein
thrombosis is treated with conformal radiation
therapy, radioembolization with yttrium-90 glass
microspheres, chemotherapy, hepatic resection, or
a combination of these techniques (4).

Portal Vein Stenosis.—Portal vein stenosis is a
recognized complication of liver transplantation
and other surgeries that involve resection and
reanastomosis of the portal vein, such as hepatic
lobectomy and pancreaticoduodenectomy. Com-
mon malignant causes of portal vein stenosis
include locally recurrent periampullary cancers
and other neoplasms in the porta hepatis that
encase the portal vein (10). Portal vein stenosis
is relatively uncommon after liver transplanta-
tion; it affects an estimated 1% of transplant
recipients (11) (Fig 5). Poor surgical technique,
significant discrepancy between the donor and
recipient vessels, excessive vessel length, hyperco-
agulable states, and prior portal vein surgery are
predisposing factors for portal vein stenosis and
thrombosis after transplantation (12). Stenosis
can result in portal hypertension and massive
ascites. Diagnosis is established by demonstra-

tion of a more than three- to fourfold velocity
gradient across the portal vein anastomosis at
spectral Doppler US, focal stenosis with or with-
out poststenotic dilatation at gray-scale US, and
focal aliasing at color Doppler US (Fig 5). Sec-
ondary portal hypertension can also be seen with
an increased number and size of collaterals (13).
Isolated focal anastomotic narrowing without
other changes in velocity or secondary signs does
not indicate portal vein stenosis. MDCT and MR
imaging may also demonstrate focal narrowing of
the portal vein. Symptomatic portal vein steno-
sis may necessitate balloon angioplasty or stent
placement in the portal vein (10,12).

Portal Vein Aneurysm.—Aneurysms in the portal
venous system account for only 3% of all venous
aneurysms but are the most common type of vis-
ceral venous aneurysm (14). Their estimated preva-
lence is 0.6—4.3 per 1000 patients (14,15).The
most common site of aneurysm is the main portal
vein; just over half of cases occur within this vein
(14) (Fig 6).The etiopathogenesis of portal vein an-
eurysms includes congenital causes such as divertic-
ulum formation due to incomplete regression of the
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distal right primitive vitelline vein, vessel wall weak-
ness, and anomalous portal vein branching (8).
Acquired causes of portal vein aneurysm include
liver cirrhosis, portal hypertension, trauma, sur-
gery, and pancreatitis. Portal vein thrombosis can
give rise to aneurysms due to portal hypertension.
Portal vein aneurysm usually is asymptomatic but
may cause pressure symptoms if the aneurysm is
large (14). Portal vein aneurysms are diagnosed

at US, MDCT, and MR imaging when the portal
vein diameter exceeds 20 mm (8) (Fig 6). Compli-
cations include portal hypertension, thrombosis,
venous rupture, and biliary obstruction (8). Portal
vein aneurysms often do not require treatment
when incidentally detected but require surveil-
lance to document growth or the development of
thrombosis. Acute thrombosis may require anti-
coagulation therapy, percutaneous thrombolysis,
or thrombectomy. Portocaval shunts and aneu-
rysmorrhaphy are therapeutic surgical options for
complicated portal vein aneurysms (16).

Portal Vein Gas.—Portal vein gas was traditionally
recognized as an ominous sign and was thought to
be associated with advanced mesenteric ischemia.
With the increasing use of MDCT, portal vein gas
is now detected early in cases of mesenteric isch-
emia, and the current reported mortality rate for
mesenteric ischemia with portal vein gas ranges
from 29% to 43% (17,18) (Fig 7). In addition to
ischemic bowel disease, less ominous pathologic
conditions such as intra-abdominal abscesses, di-
verticulitis, inflammatory bowel disease, and nec-
rotizing pancreatitis, as well as iatrogenic sources
such as colonoscopy and liver transplantation,

can cause portal vein gas (8). Trauma, high-grade
bowel obstruction, and ingestion of a caustic sub-
stance may also be associated with portal vein gas.
Portal vein gas is seen on radiographs of the abdo-
men as linear lucent shadows in the periphery of
the liver and on US images as reverberation arti-
facts. Portal vein gas is instantly seen at MDCT as
a linear branching pattern of air in the main portal

vein or its peripheral venous branches (18) (Fig 7).

At MR imaging, gas in the portal vein results in
susceptibility artifacts. Management requires de-
tection of the underlying cause. Surgical interven-
tion is necessary in cases of mesenteric ischemia,
diverticulitis, and bowel obstruction. Conservative
management is used for portal vein gas secondary
to trauma, colonoscopy, or idiopathic causes (18).

Diseases of the Hepatic Artery

Common Hepatic Artery Thrombosis and Ste-
nosis.—Hepatic artery thrombosis is a leading
cause of morbidity and mortality after orthotopic
liver transplantation, with a mortality rate of

radiographics.rsna.org

Figure 7. Portal vein gas. Axial contrast-enhanced CT
image shows extensive portal vein air (arrow) secondary
to ischemia of the small bowel with pneumatosis (not
shown). Free intraperitoneal air (arrowhead) and free
intraperitoneal fluid () are seen, findings that suggest
bowel perforation.

about 33% in the immediate postoperative period
(over 80% mortality in undiagnosed cases) (19).
It is the most common vascular complication of
liver transplantation. The incidence of hepatic
artery thrombosis is 4%—12% in adult transplant
recipients and 9%—42% in pediatric transplant
recipients (11,20). Early thrombosis is defined

as thrombosis that occurs within 1 month of
transplantation, and laze thrombosis occurs after 1
month. Risk factors for hepatic artery thrombosis
include donor death due to intracerebral hemor-
rhage, donor age more than 50 years, previous
liver transplant in the recipient, and split segmen-
tal grafts (21). Early thrombosis is caused by dis-
crepancies in the caliber of donor and recipient
arteries, increased cold ischemia time of the do-
nor liver, and ABO blood group incompatibility
(20). Late thrombosis that occurs several years
after transplantation is often due to rejection and
sepsis (22).

Diagnosis is made with color and pulsed
Doppler US findings of lack of flow in the he-
patic artery. Although Doppler US is the pre-
ferred initial imaging modality for detection, it
is highly operator dependent, with sensitivity of
54%-92% and specificity of 64%—-88% (23,24).
False-positive imaging results can occur in pa-
tients with systemic hypotension, severe stenosis,
or hepatic edema. False-negative imaging results
may occur in patients with chronic thrombosis
because perihepatic artery collaterals demon-
strate a parvus tardus waveform and can simu-
late proximal hepatic artery stenosis (12,25,26).
Contrast-enhanced US has been used to better
characterize hepatic artery complications, with
sensitivity and specificity approaching 100%
in some studies (13). MDCT angiography is a
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Figure 8. Hepatic artery thrombosis in the porta
hepatis after orthotopic liver transplantation. Axial
contrast-enhanced arterial phase CT image shows
abrupt cutoff in the common hepatic artery (white ar-
row), a finding suggestive of hepatic artery thrombosis.
A high-attenuating metallic clip (black arrow) and
small postoperative fluid collection (arrowhead) are
seen in the periportal region.

Figure 9. Common hepatic artery aneurysm associ-
ated with atherosclerosis. Axial contrast-enhanced
arterial phase CT image shows a partially thrombosed
aneurysm in the common hepatic artery (white arrow)
anterior to the main portal vein (black arrow). An inci-
dental hepatic cyst is seen (arrowhead).

reliable noninvasive modality to depict hepatic
artery thrombosis. Findings at MDCT include
abrupt cutoff of the hepatic artery, usually at
the anastomotic site; nonenhancement of the
hepatic artery; and decreased enhancement

of the hepatic parenchyma due to ischemia or
infarction (13) (Fig 8). MR imaging with a gad-
olinium-based contrast agent can show similar
findings but may be technically difficult because
of problems with breath-holding, especially in
sick patients (13). Hepatic artery thrombosis is
treated with thrombectomy or hepatic artery

Tirumani et al 81

reconstruction. However, most patients eventu-
ally require retransplantation, which is associ-
ated with a 30% mortality rate (13,19,26).

Hepatic artery stenosis affects 5%—-13% of
cases of liver transplantation and frequently oc-
curs at the anastomosis (19,25). Complications
related to stenosis include hepatic artery throm-
bosis, biliary ischemia, biliary strictures, sepsis,
and graft loss. Diagnosis of hepatic artery steno-
sis is primarily established by demonstration at
spectral Doppler US of a parvus tardus waveform
(acceleration time > 70 msec, resistive index <
0.55) in the hepatic artery distal to the stenosis
(27). At the site of narrowing, focal turbulence
with a significant increase in peak systolic velocity
(>200 cm/sec) can sometimes be seen (12). At
MDCT and MR imaging, hepatic artery stenosis
is seen as focal narrowing of the hepatic artery
(28). In contrast to hepatic artery thrombosis,
hepatic artery stenosis has a favorable prognosis
and is managed with balloon angioplasty (12),
with a primary-assisted patency of up to 87% at
6 months and 81% at 12 months (29).

Common and Proper Hepatic Artery Aneurysm.—
Hepatic artery aneurysm (HAA) is the second
most common type of splanchnic aneurysm and
accounts for up to 20% of visceral aneurysms
(30). The most common site is the common
hepatic artery, which is involved in up to 63%

of cases (31). Common causes of HAA include
atherosclerosis, fibromuscular dysplasia, collagen
vascular disease, trauma (penetrating, blunt, or
iatrogenic), liver transplantation, mycotic aneu-
rysms, and tumor-related aneurysms (32) (Fig 9).
Multiple aneurysms are encountered in vasculitis
such as polyarteritis nodosa. Most aneurysms are
incidentally detected; less than 20% of patients
present with symptoms such as abdominal pain
(55%) and gastrointestinal hemorrhage (46%)
(32). Rupture of the aneurysm can result in hemo-
bilia or hemoperitoneum, which is associated with
a 20%—-35% mortality rate (33). Communication
of the aneurysm with the portal venous system can
result in arterioportal fistula.

Imaging plays a major role in detecting the an-
eurysm and characterizing the anatomic relations
that will determine its management. Color Dop-
pler US allows real-time evaluation of the aneu-
rysm, which will manifest as an abnormal color-
filled outpouching along the course of the hepatic
artery, with a characteristic “yin-yang” sign of
swirling blood flow and “to and fro” waveform at
the neck of the aneurysm (32,34). MDCT angi-
ography allows evaluation of the aneurysm and
the hepatic artery anatomy, including congenital
variations, and assists in treatment planning (32)
(Fig 10). Three-dimensional gradient-echo MR
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Figure 10. Common hepatic artery aneurysm. (a) Axial contrast-enhanced CT image demonstrates a
contrast agent—filled outpouching (white arrows) in the porta hepatis adjacent to the portal vein (black
arrow). A multiloculated abscess (arrowhead) is seen in the adjacent liver parenchyma. (b) Fluoroscopic
image obtained at conventional catheter angiography shows a wide-necked aneurysm (white arrows) in
the replaced right hepatic artery (black arrow) that arises from the superior mesenteric artery (arrowhead).
The aneurysm was successfully treated with embolization.

angiography is also useful in dynamic evaluation
of the arterial anatomy (35). Conventional an-
giography is the criterion standard for diagnosis
and hemodynamic assessment because it allows
real-time demonstration of the vascular bed distal
and proximal to the aneurysm (32) (Fig 10).

Management of HAA depends on the location,
size, and cause of the aneurysm and the regional
anatomy (36). Treatment includes surgical liga-
tion of the neck of the aneurysm or its feeding
artery, embolization, or exclusion using parent-
artery embolization or endovascular stenting.
Interventional radiologic techniques are safe and
effective and are preferred over surgery, with a
success rate of 89% (37). Endovascular stent-
ing is preferred over parent-artery embolization
for treatment of proper hepatic artery aneurysm
because of the risk for hepatic ischemia with em-
bolization. Common hepatic artery embolization
is associated with less risk of hepatic ischemia
because of collateral flow from branches of the
gastroduodenal artery (36).

Nonvascular Diseases
Biliary Diseases

Hilar Cholangiocarcinoma.—Hilar cholangio-
carcinoma (Klatskin tumor) originates at the
confluence of the right and left hepatic ducts in
the porta hepatis and accounts for 50% of all
bile duct malignancies (38). Most patients are
older than 65 years at presentation. Although
most cases are sporadic, predisposing conditions

include primary sclerosing cholangitis, congeni-
tal biliary cystic disease, and recurrent pyogenic
cholangitis (39). Presenting symptoms are non-
specific and include abdominal pain, discomfort,
anorexia, weight loss, and pruritus. Jaundice is
a late feature of complete biliary obstruction.
Cholangitis occurs in patients with prior biliary
intervention (39). Bismuth and Corlette classi-
fied hilar cholangiocarcinomas into four subtypes
on the basis of the extent of ductal involvement
(40). Grossly, the tumors can exhibit infiltrat-
ing (70% of tumors), intraluminal polypoidal,
or mass-forming growth patterns (Figs 11, 12).
Surgical resection is the only curative treatment,
and its feasibility is dependent on the tumor site
and the extent of biliary ductal and adjacent or-
gan involvement (39). More than half of cases are
inoperable at diagnosis because of their advanced
stage. Features that suggest inoperability include
invasion of the right or left hepatic duct with
extension to the level of the second-order biliary
radicles, atrophy of one hepatic lobe with contra-
lateral portal vein branch or second-order biliary
radicle involvement, vascular encasement or inva-
sion of the main portal vein or main hepatic ar-
tery, and lymph node or distant metastases (38).
Imaging plays a pivotal role in determining
resectability by demonstrating the extent of dis-
ease. Transabdominal sonography demonstrates
intrahepatic bile duct dilatation and disruption
of the confluence, with or without a polypoidal
intraluminal mass and secondary lobar atrophy
(Fig 12). US is less accurate for determining tu-
mor extent and resectability. MDCT has an accu-
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Figures 11, 12. (11) Infiltrating hilar cholangiocar-
cinoma. Axial contrast-enhanced CT image shows an
infiltrative mass in the porta hepatis (arrows) causing
biliary obstruction. A small amount of perihepatic as-
cites is also seen (arrowhead). (12) Mass-forming hilar
cholangiocarcinoma. (a) Transverse US image shows a
heterogeneous mass that fills the common bile duct (ar-
rows). (b) Axial gadolinium-enhanced fat-suppressed
delayed T'1-weighted MR image shows heterogeneous
enhancement of the mass (white arrows). Dilated in-
trahepatic ducts (black arrows) are seen, a finding that

83

indicates biliary obstruction.

12a.

racy of 74.5%-91.7% in predicting resectability
and is the noninvasive imaging modality of choice
for the staging of cholangiocarcinoma (41). Mul-
tiphasic image acquisition delineates the arterial
anatomy and tumor invasion at the arterial phase
and portal venous encasement and hepatic paren-
chymal invasion at the venous phase. At MDCT,
cholangiocarcinoma appears as a hypoattenuat-
ing to isoattenuating mass on arterial and venous
phase images, with progressive enhancement on
delayed phase images (38,41) (Fig 11).

MR imaging has the advantage of better soft-
tissue contrast resolution, which allows superior
depiction of tumors, especially infiltrating tu-
mors, and better evaluation of peripheral ductal
involvement. The accuracy of MR imaging for
determining resectability can be as high as 93%
(42). On T1-weighted MR images, hilar cholan-
giocarcinoma appears as a hypointense to isoin-
tense mass in the porta hepatis, with variable
signal intensity on T2-weighted images (40).

12b.

On dynamic contrast-enhanced fat-suppressed
T1-weighted MR images, there is heterogeneous
enhancement on early images that peaks on late-
phase images (Fig 12). Diffusion-weighted im-
aging may have added value in depicting small
lesions (40). Direct endoscopic or percutaneous
cholangiography is required for histopathologic
diagnosis (40). The reported utility of functional
imaging with FDG PET has been variable. In

a study of 10 patients, Kim et al (3) reported
that FDG PET is no better than conventional
imaging for the assessment of hilar cholangio-
carcinoma, although FDG PET may play a role
in the imaging of ambiguous cases. In a study
of 26 patients, Kluge et al (43) found that FDG
PET has high sensitivity (92.3%) and specificity
(92.9%) for identifying the primary lesion and
metastases. Treatment of hilar cholangiocarci-
noma is primarily surgical. Unresectable disease
can be palliated with percutaneous biliary drain-
age or biliary stenting.
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Figure 13. Intrabiliary metastasis from colorectal cancer. Coronal T2-weighted (a) and axial gadolinium-
enhanced fat-suppressed T1-weighted (b) MR images show a heterogeneous, intermediate-signal-intensity,
intrabiliary mass (white arrow in a and b) in the porta hepatis that enhanced after contrast agent adminis-
tration. A synchronous parenchymal metastatic deposit also is seen (black arrows in b). An ERCP-guided
biopsy of the mass demonstrated a metastatic deposit from colorectal cancer.

Intrabiliary Metastases.—Intraductal biliary
metastases can mimic primary intraductal biliary
neoplasms such as adenomas, papillomas, and in-
traductal cholangiocarcinomas (44) (Fig 13).The
most common primary tumors that metastasize
to the biliary tree are tumors of the lung, breast,
gallbladder, colon, testis, prostate, and pancreas
(44). Melanoma and lymphoma also may metas-
tasize to the bile ducts (44). Intrabiliary invasion
is seen in more than 10% of cases of resectable
colorectal cancer that has metastasized to the
liver (45) (Fig 13). Imaging features that favor
intraductal metastasis over primary biliary malig-
nancy include colorectal cancer as the extrabili-
ary malignancy and a parenchymal mass contigu-
ous with an expansile intraductal mass (44).

Benign Hilar Biliary Strictures.—Many benign
diseases can manifest as biliary strictures at the
hepatic hilum and require a multidisciplinary ap-
proach to diagnosis and management (Fig 14).
The most common cause in the Western popula-
tion is iatrogenic injury related to cholecystec-
tomy or orthotopic liver transplantation. Other
causes include primary sclerosing cholangitis,
IgG4-related sclerosing disease, portal biliopathy,
recurrent cholangitis, and Mirizzi syndrome (46)
(Fig 14). The clinical manifestation of benign
strictures ranges from completely asymptomatic
to severe biliary obstruction.

The incidence of biliary stricture after chole-
cystectomy is 0.2%-0.7% (47). Biliary strictures
are the most common biliary complication of
orthotopic liver transplantation. Nonanastomotic
strictures often start at the hilum, occur within

6 months of transplantation, and are caused by
chronic biliary ischemia secondary to hepatic
artery stenosis or indolent thrombosis (46) (Fig
14). Primary sclerosing cholangitis is a chronic
autoimmune inflammatory disorder that affects
middle-aged men, especially those with underly-
ing inflammatory bowel disease. Imaging demon-
strates multifocal strictures of the intra- and ex-
trahepatic biliary tree. Extrahepatic involvement
may manifest as a hilar stricture (48) (Fig 14).
IgG4-related sclerosing disease is an immune-
mediated disorder that affects elderly men (48).
Although strictures of the distal common bile
duct are the most common abnormality, stric-
tures of the intra- and extrahepatic biliary tree
and perihilar strictures can be seen in up to 46%
of cases (49,50) (Fig 14). Mirizzi syndrome refers
to obstruction of the common hepatic duct due
to a stone impacted in the gallbladder neck or a
cystic duct and affects 0.1% of patients with gall-
stone disease (51). Imaging will demonstrate a
stone in the gallbladder neck and proximal biliary
dilatation (48) (Fig 14).

Management of benign hilar strictures revolves
around maintaining the patency of the biliary
tree, irrespective of the cause of the stricture.
Treatment success depends on the underlying
cause and the location, length, and number of
strictures (48). Treatment includes endoscopy
with balloon dilation and stenting or surgery
(biliary-enteric anastomosis).

Choledochal Cyst.—Choledochal cyst, a condi-
tion characterized by cystic dilatation of the bili-
ary tree, is a rare congenital biliary tract anomaly.
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Figure 14. Spectrum of benign biliary strictures. (a) Coronal MRCP image obtained after liver trans-
plantation shows a hilar stricture (arrow) related to chronic ischemia. (b) Coronal MRCP image in a
patient with primary sclerosing cholangitis shows a tight stricture (arrow) of the common hepatic duct
and proximal common bile duct with intrahepatic biliary dilatation. (¢) Coronal MRCP image in a patient
with IgG4 sclerosing disease shows a stricture (arrow) of the proximal common bile duct with mild intra-
hepatic biliary dilatation. (d) Coronal ERCP image in a patient with recurrent pyogenic cholangitis shows
a stricture of the common hepatic duct and proximal common bile duct (white arrow) resulting in marked
intrahepatic biliary dilatation. Tiny filling defects (black arrows) in the dilated intrahepatic ducts represent
intraductal calculi. (e) Axial T2-weighted MR image in a patient with Mirizzi syndrome shows an impacted
gallstone in the cystic duct that appears as a hypointense lesion in the porta hepatis (arrow).




RadioGraphics

86 January-February 2014

There is a female predisposition, with a male-to-
female ratio of 1:4 (52); up to 20% of patients
are adults at initial treatment. Of the five types of
choledochal cysts described by Todani et al (53),
the type I cyst (moderate to severe dilatation of
the common bile duct without intrahepatic bili-
ary dilatation) is the most common type. Type I
cysts can manifest as cystic lesions in the porta
hepatis and are classified as Ia (cystic dilatation
of the common bile duct), Ib (segmental dilata-
tion of the common bile duct), or Ic (diffuse fu-
siform dilatation of the common bile duct) (53)
(Fig 15). Clinical symptoms in adults are nonspe-
cific; the most common presenting symptom is
nonspecific abdominal pain.

US is usually the first modality that demon-
strates common bile duct dilatation. MDCT and
MRCP allow better evaluation of the biliary anat-
omy (52) (Fig 15). MRCP is particularly helpful
in demonstrating an anomalous pancreaticobiliary
junction with a long common channel, a finding
that often coexists with choledochal cysts. Compli-
cations associated with choledochal cysts include
recurrent cholangitis, cholecystitis, biliary stric-
ture, stone formation, acute pancreatitis, and ma-
lignant degeneration (cholangiocarcinoma of the
dilated duct and gallbladder cancer) (52). Treat-
ment usually involves complete excision of the cyst
with Roux-en-Y hepaticojejunostomy (53).

Diseases of the Lymphatics,
Nerves, and Connective Tissue

Lymphadenopathy.—The lymph nodes at the
porta hepatis lie anterior and posterior to the
portal vein and extend down along the hepatodu-
odenal ligament. Benign-appearing lymph nodes
are commonly encountered in the general popu-
lation but rarely exceed 6 mm in short-axis di-
ameter (54). In a study of 156 patients, Okada et
al (55) concluded that enlarged hepatoduodenal
nodes seen at otherwise unremarkable US should
prompt a search for underlying liver disease such
as hepatitis or cirrhosis. Malignant neoplasms

of the esophagus, stomach, pancreas, gallblad-
der, liver, biliary tree, breast, lung, and kidney
can metastasize to the periportal nodes and can
be associated with hepatic metastasis because

the periportal nodes drain hepatic lymph (54).
Lymphoma can cause bulky lymphadenopathy in
the porta hepatis, especially in cases of extensive
abdominal disease (Fig 16). Other causes of peri-
portal lymphadenopathy include infections such
as tuberculosis and hepatitis B and C viruses and
noninfectious inflammatory conditions such as
autoimmune diseases and sarcoidosis (55) (Fig
16). Bulky lymphadenopathy in the porta hepatis
can result in biliary obstruction (54). Compres-
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Figure 15. Choledochal cyst, type 1. Axial fat-sup-
pressed T2-weighted MR image shows diffuse fusiform
dilatation of the common bile duct (white arrows) at the
porta hepatis. Note the smooth lining of the wall with
no nodularity or mass. Intrahepatic biliary dilatation was
attributed to recurrent infections and stricture forma-
tion (black arrow).

sion and thrombosis of the portal vein can oc-
cur with metastatic nodes. US is a reliable and
reproducible modality for demonstrating most
portal and periportal lymph nodes. MDCT can
help determine the extent and underlying cause
of lymphadenopathy (55) (Fig 16). MRCP may
be required in some cases to demonstrate associ-
ated biliary obstruction and assess the feasibility
of endoscopic stenting.

Posttransplant Lymphoproliferative Disease.—
PTLD is a unique complication of organ trans-
plantation and is characterized by proliferation of
B lymphocytes that ranges from benign prolifera-
tion to monomorphic non-Hodgkin lymphoma.
The liver is the most common site of solid
abdominal visceral monomorphic PTLD. Up
to 45% of cases of PTLD after liver transplanta-
tion (56) and up to 40% of cases after pancreas
transplantation (57) occur in the liver. After liver
transplantation, PTLD and lymphomas are al-
most always associated with Epstein-Barr viral
infection and often occur in patients who are un-
dergoing cyclosporine therapy (26).

Hepatic involvement in PTLD can be in-
tra- or extrahepatic. Extrahepatic involvement
is frequently extranodal and appears at US and
MDCT as ill-defined hypoechoic and hypoatten-
uating periportal heterogeneous soft tissue that
encases the hilar structures. The infiltrative mass
may cause narrowing of the bile duct, hepatic
artery, and portal vein (58). Imaging findings of
multiple parenchymal lesions or diffuse hepatic
involvement with hepatomegaly support the di-
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Figure 16. Porta hepatis lymphadenopathy. (a) Axial T2-weighted MR image in a patient with non-
Hodgkin lymphoma shows a large, conglomerate, intermediate-signal-intensity lymph node mass (white
arrows) along the hepatoduodenal ligament that encases the main portal vein, common hepatic artery,
and common bile duct and extends into the porta hepatis. Multiple splenic lymphomatous deposits are

seen (black arrows). (b) Axial contrast-enhanced CT image in an HIV-positive patient with Mycobacterium

avium-intracellulare infection shows extensive necrotic porta hepatis lymphadenopathy (arrows).

a. b.

Figure 17. PTLD in a liver and kidney transplant recipient. Axial T2-weighted (a) and gadolinium-
enhanced fat-suppressed T'1-weighted (b) MR images show a well-defined heterogeneous mass with inter-
mediate signal intensity in the porta hepatis (arrows) that showed mild enhancement after contrast material

administration. Biopsy demonstrated monomorphic PTLD, large B-cell lymphoma type.

agnosis. At MR imaging, the lesions are hypoin-
tense on T'1-weighted images and hyperintense
on T2-weighted images, with variable enhance-
ment after contrast agent administration (59)
(Fig 17). Involved extrahepatic organs include
the spleen, gastrointestinal tract (most commonly
the small bowel), kidneys, and mesentery and
adrenal glands. The differential diagnosis is post-
transplant opportunistic infection. Diagnosis of
PTLD requires serologic and clinical correlation.
However, a periportal mass seen at imaging is a
finding highly characteristic for PTLD in the ap-
propriate clinical scenario (56).

Neurogenic Tumors.—Schwannoma, also known
as neurilemmoma, is a benign encapsulated tu-
mor of the nerve sheath that typically occurs in
the head, neck, and extremities (60). Schwanno-
mas of the liver are uncommon, with the majority
occurring in the nerves at the porta hepatis (61).
The mean patient age at diagnosis is 57.5 years,
with a slight female predominance (61). Clinical
symptoms are caused by compression of struc-
tures at the porta hepatis that results in obstruc-
tive jaundice. Tumors usually are slow-growing
expansive masses composed of highly cellular
Antoni A and loose myxoid Antoni B areas (62).
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At US, schwannomas appear as complex cystic
masses with hyperechoic solid areas. CT depicts
them as well-encapsulated round or oval masses
with calcification, cystic changes, and hetero-
geneous enhancement (62). At MR imaging,
schwannomas are hypointense on T'1-weighted
images and heterogeneously hyperintense on T2-
weighted images. Centrilobular delayed enhance-
ment may be seen at dynamic imaging (62).
Hepatic neurofibroma is a rare entity often
associated with extensive abdominal and retro-
peritoneal involvement of neurofibromatosis type
1 (63). Unlike schwannomas, neurofibromas are
unencapsulated and do not contain Antoni type
A and B cellular areas. Plexiform neurofibromas
grow along the intrahepatic nerve fibers that ac-
company vessels and ducts and appear at imaging
as periportal sheathlike masses (63,64). They ap-
pear as infiltrative hypoechoic masses at US and
as low-attenuating masses at C'T. They have low
signal intensity on T'1-weighted MR images and
high signal intensity on T2-weighted MR images,
with minimal enhancement and preservation
of normal vessel distribution through the mass
(63,64). Malignant transformation of neurofi-
bromas into neurofibrosarcomas is rare (Fig 18).
The differential diagnosis includes schwannoma,
lymphoma, mesenchymal tumor, and atypical
cystadenocarcinoma. Surgical excision is the
treatment of choice for neurogenic tumors of the
porta hepatis.

Porta Hepatis Sarcomas.—Primary sarcomas
of the porta hepatis are extremely rare and can
originate from biliary, vascular, or primary con-
nective tissue (Fig 19). Biliary rhabdomyosarco-
mas are tumors of the pediatric population and
are seen at imaging as a heterogeneous mass at
the porta hepatis with biliary dilatation (65).
Neurofibrosarcomas, or malignant peripheral
nerve sheath tumors, of the porta hepatis are
rare and are associated with neurofibromatosis
type 1 (63). In a plexiform neurofibroma, inho-
mogeneous intense enhancement at cross-sec-
tional imaging or hypervascular areas at angiog-
raphy suggest neurofibrosarcoma (63) (Fig 18).
Granulocytic sarcomas of the porta hepatis are
an extremely rare cause of obstructive jaundice
in patients with leukemia (66).

Miscellaneous Diseases

Periportal Edema.—Periportal edema is a non-
specific imaging finding of ill-defined hypodensity
at the porta hepatis or hypodensity parallel to the
portal vein (67) (Fig 20). It can occur with acute
hepatitis and hepatic venoocclusive disease and
after liver or bone marrow transplantation, over-
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Figure 18. Neurofibrosarcoma of the porta hepatis.

Axial contrast-enhanced CT image shows a large low-
attenuation mass (white arrows) with foci of enhance-
ment in the porta hepatis that displaces the main por-
tal vein (arrowhead) anteriorly and the celiac trunk to
the left (black arrow).

Figure 19. Pleomorphic epithelioid sarcoma of the
hepatoduodenal ligament. Coronal contrast-enhanced
CT image shows a large isolated mass (white arrows) in
the porta hepatis that displaces the portal vein (arrow-
head) and common hepatic artery (black arrow).

hydration, trauma, and congestive heart failure
(67) (Fig 20). Periportal halo refers to an accumu-
lation of lymph around the portal tract and may
indicate lymphatic obstruction of the porta hepa-
tis by a mass or lymph nodes. Persistent peripor-
tal halo in patients with lymphoma may indicate
lack of response to therapy (67).

Fluid Collections.—Porta hepatis fluid collections
such as biloma, hematoma, abscess, and seroma
occur after orthotopic liver transplantation,
trauma, cholecystectomy, and other biliary inju-
ries (13) (Figs 21, 22). US is highly sensitive for
detection of these collections but does not help
differentiate them (12). MDCT and MR imag-
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Figure 20. Periportal edema. Axial contrast-
enhanced CT image obtained immediately after liver
transplant shows an ill-defined area of hypoattenuat-
ing soft tissue in the porta hepatis (arrows), a finding
that represents periportal edema.

Figures 21, 22. (21) Posttraumatic biloma in the porta hepatis. Coronal MRCP image obtained 2 weeks
after blunt abdominal trauma shows an irregular fluid collection in the porta hepatis (arrow), a finding

suspicious for bile duct injury. ERCP demonstrated a bile leak (not shown) and helped confirm occult bile
duct injury. (22) Post-ERCP abscess in the porta hepatis. Axial contrast-enhanced CT image shows a well-
defined hypoattenuating fluid collection with peripheral rim enhancement in the porta hepatis (arrow).

ing can depict the location and extent of the fluid
collection, guide interventional drainage pro-
cedures, and help differentiate hematoma from
biloma or seroma because of the high attenuation
and different signal intensity of hematoma (68)
(Fig 22). Hepatic nuclear scintigraphy can help
differentiate biloma from seroma by demonstrat-
ing the site of bile leak (69).

Trauma.—Penetrating or blunt injuries can in-
volve the porta hepatis and pose significant chal-
lenges in early diagnosis and management. Pen-
etrating trauma to the porta hepatis is frequently
fatal because of the involvement of vessels and

frequent intraoperative exsanguination. Deep
lacerations that involve the porta hepatis result
in bile duct injury (70) (Fig 23). Blunt trauma to
the porta hepatis has a high chance of occult bili-
ary injury that may only be discovered later (Fig
23). Early and prompt diagnosis of vascular and
biliary complications at imaging is the corner-
stone of optimal successful management.

Imaging Artifacts.—Surgical clips from cholecys-
tectomy, embolization, and orthotopic liver trans-
plantation may cause artifacts at US, CT, and
MR imaging (Fig 24). Beam hardening due to
metallic clips can result in dark bands or streaks
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Figure 23. Laceration of the porta hepatis. Axial
contrast-enhanced CT image obtained after blunt ab-
dominal trauma shows multiple deep hepatic lacerations
(arrows) in the porta hepatis. There was no major vascu-
lar injury. Two weeks later, the patient developed a bile
leak due to occult bile duct injury.

at CT that mimic thrombosis (71). Distinctive
blooming artifact at long echo time and gradient-
echo sequences helps distinguish metallic arti-
facts from diseases such as retained biliary stones
(72) (Fig 24).

Porta Hepatis as a Pathway of Disease
Spread.—The hepatoduodenal ligament is the
inferior free edge of the gastrohepatic ligament
and bridges the junction of the first and second
portions of the duodenum with the porta hepa-
tis (73) (Fig 25). Peritoneal reflections in this
region allow the transperitoneal spread of can-
cer to the porta hepatis (Fig 26). Tumors of the
pancreas, duodenum, and antropyloric region of
the stomach and metastases from other cancers
disseminate along this route to the periportal
nodes (73,74) (Fig 27).

Conclusion

Imaging plays a crucial role in accurate diagnosis
of a broad spectrum of pathologic conditions of
the porta hepatis, many of which have character-
istic epidemiologic, clinical, and imaging features.
Knowledge of the anatomic features and diseases
of the porta hepatis is essential to understand

the spread of disease, diagnose underlying malig-
nancy, and implement appropriate management.
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Page 74
Within the porta hepatis, the common bile duct and proper hepatic artery typically are located anterior
to the portal vein, with the common bile duct to the right and the proper hepatic artery to the left.

Page 78

Malignant portal vein thrombosis is characterized at imaging by expansile dilatation of the portal vein and
intermediate to high signal intensity on T2-weighted images. In contrast, MR images of bland portal vein
thrombosis usually show normal portal vein caliber and low T2-weighted signal intensity because of hemo-
siderin within the thrombus. A malignant thrombus shows arterial neovascularity with enhancement similar
to the primary tumor and often is contiguous with the primary tumor.

Page 81

Diagnosis of hepatic artery stenosis is primarily established by demonstration at spectral Doppler US of a
parvus tardus waveform (acceleration time > 70 msec, resistive index < 0.55) in the hepatic artery distal
to the stenosis.

Page 82

Features that suggest inoperability include invasion of the right or left hepatic duct with extension to
the level of the second-order biliary radicles, atrophy of one hepatic lobe with contralateral portal vein
branch or second-order biliary radicle involvement, vascular encasement or invasion of the main portal
vein or main hepatic artery, and lymph node or distant metastases.

Page 86
Extrahepatic involvement is frequently extranodal and appears at US and MDCT as ill-defined hy-
poechoic and hypoattenuating periportal heterogeneous soft tissue that encases the hilar structures.



