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Acute Hepatobiliary Imaging
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Abstract

Abdominal pain is a common chief complaint
in the emergency department, and computed
tomography (CT) and ultrasound are useful
first-line imaging modalities in the appropriate
clinical setting. Both are rapid, low cost, and
easily accessible. Magnetic resonance (MR)
imaging is increasingly used in equivocal situ-
ations, especially for imaging the biliary sys-
tem and pancreas, in the setting of pregnancy,
and in young or relatively young patients with
chronic diseases which will require multiple
imaging examinations, with the associated
exposure of ionizing radiation if repetitive CT
is performed. MR has proved particularly use-
ful in the setting of Crohn disease, complica-
tions of pancreatitis, suspected appendicitis
in pregnant patients, complications from pan-
creatic injury, choledocholithiasis, and biliary
obstruction of indeterminate etiology. Acute
abdominal pain related to liver, gallbladder,
and biliary etiologies may present as acute
infections with hepatitis or cholecystitis, acute
obstruction with choledocholithiasis or malig-
nancy, hemoperitoneum from a ruptured liver
mass, or trauma/iatrogenic injury.
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4.1  Acute Nontraumatic

Abdominal pain is a common chief complaint in
the emergency department, and computed tomog-
raphy (CT) and ultrasound are useful first-line
imaging modalities in the appropriate clinical set-
ting. Both are rapid, low cost, and easily accessible.
Magnetic resonance (MR) imaging is increasingly
used in equivocal situations, especially for imag-
ing the biliary system and pancreas, in the setting
of pregnancy, and in young or relatively young
patients with chronic diseases which will require
multiple imaging examinations, with the associ-
ated exposure of ionizing radiation if repetitive
CT is performed. MR has proved particularly use-
ful in the setting of Crohn disease, complications
of pancreatitis, suspected appendicitis in pregnant
patients, complications from pancreatic injury, cho-
ledocholithiasis, and biliary obstruction of indeter-
minate etiology. Acute abdominal pain related to
liver, gallbladder, and biliary etiologies may pres-
ent as acute infections with hepatitis or cholecys-
titis, acute obstruction with choledocholithiasis or
malignancy, hemoperitoneum from a ruptured liver
mass, or trauma/iatrogenic injury.

4.2 Liver

4.2.1 Acute Hepatitis

Acute hepatitis of any origin causes edema of the
hepatocytes leading to injury. It can manifest as
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enlarged liver with no focal signs of disease on
imaging. When present, symptoms may include
fatigue, weakness, abdominal pain, hepatomeg-
aly, and splenomegaly. Acute hepatitis remains a
clinical diagnosis, with generally limited need for
imaging evaluation. Etiologies include viral hepa-
titis—hepatitis A (fecal-oral transmission), hepati-
tis B and C (IV drug use, sex or blood transfusion
transmission), and hepatitis D and E—and drug-
induced hepatitis with alcohol or acetaminophen, as
well as autoimmune, steatohepatitis, among others.

In acute hepatitis, ultrasound (US) may show
either a normal liver or a decreased echogenicity
of the parenchyma, and prominence of the portal
venous system, which is commonly known as a
“starry sky”” appearance. In chronic hepatitis, the
liver is echogenic. However, this is not specific

for hepatitis, and may be seen with any chronic
liver disease. Additional nonspecific ultrasound
findings seen in hepatitis include gallbladder wall
thickening, contraction, and periportal lymph-
adenopathy. Hepatitis B and C increase the risk
of cirrhosis, portal hypertension, and hepatocel-
lular carcinoma. Coarse echotexture and surface
nodularity are more specific signs of cirrhosis on
US. CT and MR play a limited role in evaluat-
ing acute hepatitis, but may show nonspecific
findings including hepatomegaly and periportal
edema or enhancement [1]. MR may show hetero-
geneous liver intensity on T2-weighted images,
and immediately after intravenous contrast
administration. In the setting of equivocal liver
enzyme elevation with nonspecific symptoms in
a patient suspected of having steatohepatitis, MR

Fig.4.1 AIDS cholangiohepatitis. 26-year-old man with
AIDS and acute transaminitis of unknown etiology. Axial
T2-weighted fat-saturated MR image (a) shows periportal
edema (arrow). Axial TIl-weighted fat-saturated pre-
contrast (b) and post-contrast MR images in the portal
venous phase (¢) demonstrate heterogeneous hepatic

parenchymal enhancement (arrow), a nonspecific finding
which can be seen in the setting of hepatitis. 3D MRCP
image (d) reveals multifocal segmental strictures of the
intra- and extrahepatic biliary tract (arrow), which given
the clinical information is highly consistent with AIDS
cholangiopathy
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is the examination with the most sensitivity and
specificity. MR hepatic perfusion abnormalities
may be seen in active liver disease, or in extrinsic
inflammatory processes which have blood drain-
age to the liver, including pancreatitis and bowel
inflammatory diseases (Figs. 4.1 and 4.2) [2].

4.2.2 Perihepatitis/Fitz-Hugh-Curtis
Syndrome

Fitz-Hugh-Curtis syndrome is characterized by
right-sided abdominal pain and perihepatitis due
to pelvic inflammatory disease from a variety of
organisms, particularly chlamydia and gonor-
rhea. Infection ascends from the vagina or cervix
to the endometrium, fallopian tubes, and con-
tiguous structures, resulting in endometritis, sal-
pingitis, and tubo-ovarian abscess, which, if left
untreated, may spread along the right paracolic
gutter, resulting in perihepatitis. Typical findings
include stringlike adhesions between the anterior
surface of the liver and the parietal peritoneum,
which are seen on US, CT, or MR as thickening
and abnormal enhancement of the anterior liver
capsule with peritoneal septations and loculated
perihepatic ascites (Fig. 4.3) [3]. Nonspecific
findings also include inflammation in the hepa-
torenal fossa, and gallbladder wall thickening.
Clinical history and clinical examination point-
ing to pelvic inflammatory disease are essential
to consider the diagnosis.

4.2.3 Hepatic Abscess

An abscess is a localized collection of necrotic
inflammatory tissue caused by bacteria, fungal
species, or parasites. Pyogenic liver abscesses
usually develop secondary to an intestinal source
of bacteria, as with appendicitis or diverticulitis,
from recent surgery, or from complications of
blunt or penetrating trauma. Clinical presentation
is usually insidious, with several days to weeks
of low-grade fever and right upper quadrant pain.
Complications of liver abscess which may present
with acute pain and/or sepsis include subphrenic
abscess, peritoneal rupture, and Budd-Chiari

syndrome from compression of the inferior vena
cava or hepatic veins. Laboratory analysis shows
leukocytosis, anemia, and elevated ESR.

US shows complex fluid collections of mixed
echogenicity, thick-walled cysts, or cysts with
fluid-fluid levels. An abscess may also appear
as a solid liver mass, at which time through
transmission aids in identifying them as non-
solid [4]. CT or MR may be needed for further
characterization. CT demonstrates a periph-
erally enhancing, centrally hypoattenuating
well-defined mass. A “double-target sign” may
be seen with a hypodense fluid center, a hyper-
dense inner ring representing an abscess mem-
brane which persists on delayed imaging, and a
hypodense outer ring representing liver edema
which only enhances on delayed images. MR
classically shows a mass which is hypoin-
tense on Tl-weighted images, hyperintense on
T2-weighted images with thick walls, and inter-
nal septations which enhance on early arterial-
phase imaging, and demonstrates persistent
enhancement on late-phase imaging. An abscess
will also show diffusion restriction (Figs. 4.4 and
4.5). MR is useful when a mass is not defini-
tively characterized using CT, as MR gadolinium
chelates have a higher sensitivity than CT does
using iodinated contrast [5]. Differentiating an
abscess from a metastasis with a large necrotic
component may be difficult. In the setting of a
metastasis, MR may show more progressive,
centripetal stromal enhancement, and may have
a more nodular, irregular, and thicker rim with a
necrotic metastasis than with an abscess.

Fungal abscess may occur in immunocompro-
mised patients, and most commonly caused by
Candida albicans which concomitantly infects
the spleen. Nodules are usually numerous, sub-
capsular, and small, measuring less than 1 cm.
CT may show the classic target nodule in smaller
form and peripheral distribution, but often does
not show these characteristics convincingly
enough to establish definitive diagnosis due to
their small size and peripheral distribution. MR
sequences with dynamic gadolinium-enhanced
gradient-echo and T2-weighted fat-suppressed
sequences are more sensitive for the identifica-
tion of hepatosplenic candidiasis [6, 7]. Chronic
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Fig. 4.2 Acute hepatic insult with subsequent nodular
regenerative hyperplasia. 38-year-old man with elevated
bilirubin, elevated INR, new ascites, and weight loss. Axial
IV contrast-enhanced CT image (a) demonstrates extensive
ascites (star) and a markedly abnormal liver with central
hypoenhancement (arrow) and peripheral enhancement
which was concerning for a mass. A follow-up MRI was
obtained 6 weeks later. Axial T2-weighted fat-saturated MR
image (b) and B600 diffusion-weighted MR image (c)
reveal that the periphery of the liver has hyperintense signal

(arrows) which does not restrict on the ADC map (arrow, d)
while the central liver and scattered round foci at the periph-
ery are normal (open arrow on the dominant nodule).
T1-weighted fat-saturated pre-contrast (e) and 10-min-delay
post-contrast (f) MR images reveal multiple regenerative
nodules, particularly in the central liver (arrow on the domi-
nant nodule), with large regions of hypoenhancement at the
periphery of the liver. These findings were sequelae of the
acute hepatic insult of unknown etiology that the patient sus-
tained at the time of presentation, and not a tumor
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Fig.4.3 Fitz-Hugh-Curtis syndrome. 25-year-old woman
with cervical motion tenderness and right upper quadrant
pain. (a) Contrast-enhanced axial CT image of the pelvis
demonstrates a multi-loculated cyst in the left ovary, con-
sistent with a tubo-ovarian abscess (arrow). (b) IV con-

nodules may be seen as irregular shaped foci
which are hypointense on T1-weighted images
and isointense on T2-weighted images, with
negligible enhancement, as they represent scar
tissue.

Amebic abscesses result from primary
colonic involvement with Entamoeba histolytica
with seeding through the portal venous drain-
age, and hence affecting the right hepatic lobe,
more commonly. It is thought that abscesses
may result from trophosite obstruction in small
venules, causing ischemic necrosis and infection
[8]. These are indistinguishable from pyogenic
abscess, but are more often seen as single masses
and in a subdiaphragmatic location, with a thick
5-10 mm capsule which enhances (Fig. 4.6).
Complications include intraperitoneal rupture
with subsequent peritonitis, and diaphragmatic
invasion with pulmonary consolidation and
empyema. Conservative medical treatment is
effective in most cases, with percutaneous drain-
age reserved for larger abscesses and abscesses
close to the heart.

Other parasitic infections of the liver include
echinococcal disease, which presents as a multi-
cystic liver abscess with multiple daughter cysts,
and schistosomiasis with ova infecting the por-
tal triads, and causing fibrosis seen as thickened
echogenic triads.

trast-enhanced axial CT image of the upper abdomen
demonstrates capsular enhancement of the liver (arrow),
representing perihepatitis. Together, these findings repre-
sent Fitz-Hugh-Curtis syndrome

4.2.4 Portal Vein Thrombosis/
Occlusion

Portal vein thrombosis or occlusion results from
either slow flow as in portal hypertension or
post-surgery, hypercoagulable states, or intes-
tinal infection/inflammation including appen-
dicitis or pancreatitis, as well as from external
compression from tumors or lymphadenopathy.
Thrombosis may be well tolerated with no acute
symptoms, or may present as acute abdominal
pain or variceal bleeding.

US shows an intraluminal filling defect which
varies in echogenicity. On color Doppler, flow
void or complete lack of intraluminal flow is
seen. Sensitivity and specificity are close to 90%
[9]. False positive causes include slow portal
vein flow. False negative causes include a large
periportal collateral which can be confused with
a patent portal vein. In the setting of chronic por-
tal vein thrombosis, cavernous transformation is
seen as multiple collateral vessels surrounding a
thrombosed portal vein (Fig. 4.7).

MR is useful in distinguishing tumor throm-
bus from bland thrombus and in patients with
equivocal US findings. Diagnosis is best
achieved by combining black-blood techniques
(spin-echo techniques with superior and infe-
rior saturation pulses) or bright-blood technique
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Fig. 4.4 Liver abscesses. 43-year-old man with acute
rightupper quadrant pain and elevated GGT. Representative
longitudinal image from an ultrasound through the liver
(a) demonstrates multiple hypoechoic hepatic masses
with peripheral echogenic rims (arrows). Axial (b) and

(time-of-flight (TOF) gradient echo (GRE)
or gadolinium-enhanced gradient echo) [10].
Tumor thrombus is most commonly seen with
hepatocellular carcinoma, and shows high sig-
nal on T2-weighted images and soft-tissue sig-
nal intensity on TOF GRE images, and enhances

coronal (c¢) IV contrast-enhanced CT images reveal mul-
tiple peripherally enhancing, centrally hypoattenuating
masses in the liver (arrows), consistent with hepatic
abscesses, which were of mixed flora at pathologic analy-
sis via image-guided drainage

with intravenous gadolinium. Bland thrombus
is seen in cirrhosis, infection, or inflammation,
and is low in signal on T2-weighted images
and TOF, and does not enhance with gadolin-
ium. If bland thrombus is infected, one may see
enhancement of the portal vein wall.
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Fig. 4.5 Liver abscess. 45-year-old man with elevated
bilirubin, fever, and leukocytosis. Axial T2 fat-saturated
image through the liver (a) demonstrates an irregular
hyperintense mass in segment three (arrow). Axial
T1-weighted post-contrast MR image (b) in the equilib-

TIS0.3 MI1.2

rium phase shows peripheral enhancement and central
hypointensity of this mass, while ADC map (¢) and B600
(d) MR images reveal restricted diffusion in this mass
(arrows). Percutaneous sampling proved this to be a
Klebsiella pneumoniae liver abscess

Fig. 4.6 Amebic abscess. 35-year-old woman with
abdominal pain, fevers, and chills. Grayscale axial ultra-
sound image (a) demonstrates a large irregular thick-
walled cyst in the right hepatic lobe (arrow). Axial IV

contrast-enhanced CT image (b) reveals a rim-enhancing
low-attenuation mass with peripheral edema (arrow) in
segment six and associated hyperemia, which proved to
be an amebic abscess
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Fig.4.7 Portal vein thrombosis. 53-year-old man with a
history of hepatitis C-related cirrhosis. 2D (a) and color
Doppler (b) longitudinal ultrasound images acquired
8 years prior demonstrate a nonocclusive thrombus
(arrows) in the main portal vein. Recent T1-weighted

4.2.,5 Budd-Chiari Syndrome

Budd-Chiari syndrome is characterized by centri-
lobular congestion, hepatocellular necrosis, and
atrophy from hepatic venous outflow obstruction
due to IVC or hepatic vein thrombosis. Common
causes of thrombosis include pregnancy, oral
contraceptive use, polycythemia vera, chronic
fibrosis, webs obstructing the veins, and tumors
including HCC, renal cell carcinoma, and adre-
nal cortical carcinoma. Patients may present
clinically with abdominal pain, signs of portal
hypertension, and ascites. CT and MR findings
in acute Budd-Chiari syndrome include narrow-
ing or non-visualization of the hepatic veins and/
or IVC, caudate lobe enlargement, decreased
peripheral parenchymal enhancement, and intra-

post-contrast axial MR image (c¢) demonstrates cavernous
transformation in the porta hepatis (solid arrow) due to
interval complete portal vein occlusion since the prior
ultrasound. Note is also made of mild splenomegaly (star)
and splenorenal shunts (open arrow)

hepatic collateral vessels which may be seen as
comma-shaped enhancing vessels (Fig. 4.8) [11].

4.2.6 HepaticInfarction

Because of the dual arterial and portal blood
supply to the liver, hepatic infarcts are very
uncommon. Hepatic infarction is a grave com-
plication most often seen after liver transplanta-
tion, often necessitating repeat transplantation.
Acute hepatic infarction appears hypoechoic on
US and hypoattenuating on CT. A key imaging
feature of hepatic infarction is the preservation
of portal tracts, because it differentiates it from
other etiologies, including abscess, biloma, and
post-biopsy hematoma. A potential pitfall is focal
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Fig. 4.8 Budd-Chiari syndrome. 26-year-old man from
Sudan with a history of giardiasis and amebic infections.
T1-weighted post-contrast axial MR image in the portal
venous phase (a) shows occlusion of the hepatic veins
(arrow) in the enlarged and nodular liver. Delayed

hepatic steatosis. However, this tends to occur in
characteristic locations, and normally enhancing
vessels course through it [12].

4.2,7 Hepatocellular Carcinoma

Patients with hepatitis or any type of chronic
liver disease are at increased risk of hepatocel-
lular carcinoma (HCC). Prevalence is highest in
Asia and Africa due to higher rates of viral hepa-
titis. Nonetheless, incidence has been steadily
increasing in the United States. Any liver mass in
a patient with chronic liver disease should be fur-
ther evaluated with dedicated liver imaging, with
either a multiphase contrast-enhanced CT liver
mass protocol or a dynamic contrast-enhanced
MR liver mass protocol. There is consensus
that MR is superior to CT for the identification
of HCC [13]. US has a sensitivity of 60% and a
specificity of 85-90% for the diagnosis of HCC,
and is easily accessible and uses no ionizing
radiation, hence its use as the primary screening
modality. Recent literature has shown the poten-
tial usefulness of MR as a screening modality for
patients with chronic liver disease at risk of HCC,
due to its higher sensitivity and specificity [14].
HCC is the fifth most common malignancy in
the world, and accounts for one million deaths

enhancement of the peripheral liver with central low den-
sity and hypertrophy of the caudate lobe (arrow, b) is
noted on an axial T1-weighted MR image, which is highly
consistent with Budd-Chiari syndrome. Note is also made
that the spleen is borderline enlarged (star, b)

annually, with a 5-year survival rate of <5% for
untreated, symptomatic HCC [15]. For tumors
>2 cm, MR most frequently shows hyperinten-
sity on T2-weighted images and hypointensity
on T1-weighted images, with enhancement on
arterial phase images, washout on portal venous
and delayed images, and late pseudocapsu-
lar enhancement (Fig. 4.9). Although usually
asymptomatic, HCC may present in the emer-
gency setting as hemoperitoneum from a rup-
tured mass. Different mechanisms have been
described, including tumor expansion leading to
subcapsular hemorrhage, and rupture of the liver
capsule with associated intraperitoneal hemor-
rhage. This may present clinically as sudden
onset of epigastric or right hypochondrial pain
due to Glisson’s capsule distention, peritonitis,
hypotension, and shock from bleeding. A clini-
cal history of cirrhosis or HCC is essential, or
high suspicion in a patient from an endemic area
with acute abdominal pain.

CT findings include high-attenuation peritoneal
fluid around the liver and spleen in the setting of
acute bleeding from a ruptured mass, with change in
composition and, hence, density of the hematoma,
depending on the age of the blood products, clot-
ting, and layering hematocrit effect [16]. Small vol-
umes of blood may layer in Morrison’s pouch or in
the pelvis. A classic CT finding, the “sentinel clot”
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Fig.4.9 Hepatocellular carcinoma. 79-year-old man with
cirrhosis and liver masses detected incidentally on a chest
CT done for rectal cancer staging. Axial MR images dem-
onstrate cirrhosis, perihepatic ascites, and a 5.5 cm mass in
segment three with arterial enhancement (arrow, a), and
washout on venous and equilibrium phase T1-weighted

fat-saturated images (arrows, b and ¢, respectively), signal
loss on T1-weighted out-of-phase (arrow, d) when com-
pared to T1-weighted in-phase imaging (arrow, e), and
restricted diffusion on B600 (arrow, f) when compared to
the ADC map (arrow, g), which is highly consistent with a
well-differentiated hepatocellular carcinoma
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sign, which refers to clotted blood at the site of tis-
sue rupture, which usually has Hounsfield units of
45-60 (Figs. 4.10 and 4.11). Blood spilling into the
peritoneal cavity will show Hounsfield units (HU)
of acute blood at approximately 45 HU. Mortality
is high, and urgent treatment is needed with trans-
catheter arterial embolization. MR findings are
similar to those seen on CT, with signal characteris-
tics of blood varying based on the age of the blood
products. By the time most patients get imaged, the
majority of the blood products will be high signal
on T1-weighted imaging, and mixed or intermedi-
ate signal on T2-weighted images [15].

4.2.8 Hepatic Adenoma

Hepatocellular adenoma is a mass composed
of normal hepatocytes which produce bile but
do not have bile ductules, and are partially or
completely enclosed by a pseudocapsule from
compressed hepatic parenchyma. It used to be
a rare tumor until the introduction of oral con-
traceptives [17]. Other causes include diabetes,
glycogen storage disease, iron overload, and
anabolic steroids. Although usually asymptom-
atic and diagnosed incidentally, patients may
present with acute abdominal pain related to
intratumoral hemorrhage or, rarely, peritoneal

Fig.4.10 Same patient as in Fig. 4.9. Ruptured hepato-
cellular carcinoma. 79-year-old man with known hepato-
cellular carcinoma diagnosed 3 months ago presents with
an acute hematocrit drop and grossly bloody ascites on
paracentesis after a fall 1 day prior. Sagittal non-contrast

CT images demonstrate the known segment three hepato-
cellular carcinoma (arrow, a) and adjacent sentinel clot
(open arrows, b and c¢) tracking into the right paracolic
gutter. Extensive hemoperitoneum is noted (star)
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Fig.4.11 Ruptured hepatocellular carcinoma with subse-
quent embolization. 54-year-old man with chronic hepati-
tis C, cirrhosis, and ascites presented with tachycardia and
abdominal pain. Axial (a) and sagittal (b) IV contrast-
enhanced CT images show a large heterogeneous mass
(arrows) in the left lobe of a cirrhotic liver, with adjacent
active hemorrhage (star), representing a ruptured hepato-
cellular carcinoma. Simple perihepatic ascites is also
visualized. Digital subtraction angiographic image (c)

hemorrhage requiring emergent intervention.
Malignant transformation is rare.

Because US findings are nonspecific, showing
a single mass of variable echogenicity, additional
imaging is usually needed for diagnosis. On non-v
CT, adenomas are usually isodense to liver, or

reveals a large hypervascular tumor arising from the left
lobe of the liver (circle). This mass derived its blood sup-
ply from a replaced left hepatic artery arising from the left
gastric artery. To avoid nontarget embolization of the
lesser curvature of the stomach, a large branch of the left
gastric artery was embolized using two metallic coils
(open arrow). Subsequent bland embolization of the hepa-
tocellular carcinoma was performed

hypodense if they contain fat (Fig. 4.12). If there is
hemorrhage, non-contrast CT shows areas of high
attenuation, or heterogeneity if there is old hemor-
rhage. Intratumoral hemorrhage is seen in 25-40%
of adenomas (Fig. 4.13) [18]. If intravenous con-
trast is given, early homogeneous enhancement
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Fig. 4.12 Hepatic adenoma. 51-year-old woman with
biopsy-proven hepatic adenomatosis. These masses were
incidentally detected on a CT scan of her thorax when she
was 36 years old. The largest of the patient’s known
hepatic adenomas is shown in segment seven on MR
imaging. In-phase (a) and opposed-phase (b) T1-weighted
MR images reveal signal loss on the opposed-phase

image, consistent with intratumoral fat. This mass is only
faintly T2 hyperintense on this T2-weighted fat-saturated
image (c). Dynamic post-contrast subtraction images
reveal arterial enhancement (d) followed by rapid wash-
out on the venous phase (e), and pseudocapsular enhance-
ment on the equilibrium phase (f), classic imaging features
for a hepatic adenoma in a non-cirrhotic patient
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Fig. 4.13 Ruptured hepatic adenoma. 28-year-old woman
with a known hepatic adenoma who presents with new-
onset acute abdominal pain. Axial IV contrast-enhanced CT
image reveals hyperattenuation within the known hepatic
adenoma, representing acute hemorrhage (closed arrow).
Associated hemoperitoneum is visualized (open arrow)

Fig. 4.14 HELLP syndrome.
woman with elevated liver function tests and right upper
quadrant pain. Axial (a) and longitudinal (b) grayscale
ultrasound images of the liver demonstrate a heteroge-
neous perihepatic fluid collection (solid arrows) as well as

36-year-old pregnant

a right pleural effusion (open arrows). Coronal

and isodensity with liver parenchyma in portal
venous and delayed phases are seen. Non-bleeding
masses are usually managed conservatively if they
measure less than 5 cm [19].

MR shows a homogeneous mass with mild
hyperintensity on T2-weighted images and hypo- or
isointensity on T1-weighted images. Post-contrast
images show a transient homogeneous blush which
uniformly fades to isointensity with normal liver
parenchyma by 1 min [20]. More heterogeneous
signal may be seen on T1- and T2-weighted images
depending on the amounts of fat, hemorrhage, and
necrosis. When the mass shows an intense marble
pattern of arterial enhancement, it may be difficult
to distinguish it from HCC, but the presence of
washout and a capsule in HCC should help make
the distinction.

P%EHZ
RS

in

Sag Liver
Right

T2-weighted (c¢) and axial T1-weighted (d) images con-
firm the presence of perihepatic hematoma (solid arrows)
in this patient with HELLP syndrome. The right pleural
effusion is also seen in C (open arrow) (images courtesy
of Dr. Vincent Mellnick)
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4.2.9 HELLP Syndrome

HELLP syndrome is an uncommon but serious
obstetrical condition characterized by hemoly-
sis (H), elevated liver enzymes (EL), and low
platelet count (LP), and occurs in 0.2-0.6% of
all pregnancies, and in 10-20% of women with
severe preeclampsia [21, 22]. Maternal clinical
symptoms are nonspecific and, unfortunately,
can masquerade as a variety of other condi-
tions. The pathophysiology of HELLP has not
been clearly elucidated to our knowledge; how-
ever, altered placental function resulting in
ischemia-producing oxidative stress is one pro-
posed etiology [23]. Imaging features of HELLP
include perihepatic free fluid, hepatic steatosis,
liver enlargement, and a periportal halo which
may precede more severe conditions includ-
ing hepatic hematoma and hepatic rupture with
hemoperitoneum (Fig. 4.14), leading to high
morbidity and mortality [24].

4.3 Gallbladder

4.3.1 Acute Calculous Cholecystitis
The most common cause of acute cholecystitis
is impacted calculi in the cystic duct or com-
mon bile duct (95%) [25]. Calculi obstruct bile
drainage into the common bile duct, leading
to gallbladder overdistention, increased intra-
luminal pressure, inflammation, and eventu-
ally wall ischemia and bacterial superinfection
with necrosis, if not treated promptly. Clinical
presentation includes a history of colicky pain
after a meal of high-fat content, with acute onset
of constant, right upper quadrant pain lasting
>6 h, with or without fever, chills, and labora-
tory markers of acute inflammation including
leukocytosis. US is the first-line modality for
diagnosis, showing cholelithiasis, diffuse wall
thickening with pericholecystic fluid and/or
hyperemia, gallbladder distention greater than
10 x 4 cm, and a positive sonographic Murphy
sign [26].

When initial findings are indeterminate and
clinical examination is not definitive for acute

cholecystitis, hepatobiliary scintigraphy, CT, or
MRI may be used for definitive diagnosis prior
to surgery. MR is particularly useful for identify-
ing a different cause for the patient’s symptoms,
and for identifying a cause for biliary obstruction
when calculi are not seen. CT is 85% sensitive for
gallstones, less than US, but may show additional
findings of stranding of the pericholecystic fat,
abnormalities in the gallbladder fossa, and com-
plications including gas in the gallbladder wall
as is seen in emphysematous cholecystitis [27].
Additionally, if narrow CT windows are used
and/or newer techniques such as dual energy, the
yield of CT increases to higher than the afore-
mentioned 85% [28].

A more comprehensive evaluation of chole-
cystitis, its root cause, and possible complica-
tions is achieved with MR. The high sensitivity
of T1-weighted fat-saturated contrast-enhanced
images makes MR an excellent tool for the diag-
nosis of cholecystitis, with sensitivity greater
than that of ultrasound [29]. Findings are similar
to those seen on CT, with mucosal enhancement
on early phases, and progressive gallbladder wall
enhancement and transient enhancement of sur-
rounding liver parenchyma. On T2-weighted
imaging, calculi can be excluded or identified, and
pericholecystic fluid and abscesses are revealed if
present. MR in conjunction with MRCP increases
sensitivity for the diagnosis of exclusion of coex-
isting choledocholithiasis, can reveal a mass or
another cause of obstruction including as stric-
ture, and outlines possible complications, includ-
ing empyema, perforation, and gangrene, which
are not as readily seen on US, CT, or hepatobiliary
scintigraphy (Fig. 4.15).

4.3.2 Acute Acalculous Cholecystitis

Acalculous cholecystitis accounts for approxi-
mately 5-10% of patients with acute cholecysti-
tis, and has a higher mortality rate than calculous
cholecystitis (approaching 50%), and a higher rate
of complications including gangrene, emphysema,
and perforation [26]. One must consider acute
acalculous cholecystitis in patients with prolonged
hospitalization, patients with comorbidities includ-
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Fig.4.15 Acute calculous cholecystitis. 53-year-old man
with fever and leukocytosis. In the emergency department,
an IV contrast-enhanced CT was acquired due to the
absence of localizing symptoms. An axial CT image (a)
demonstrates a distended gallbladder with wall thickening
(arrow) and pericholecystic fluid and inflammation (open
arrow), which is highly consistent with acute cholecystitis.
Subsequent axial (b) and longitudinal (c) ultrasound images
confirmed these findings (solid arrows and open arrows)
and also identified a shadowing gallstone (curved arrow).

ing diabetes and sepsis, and patients undergoing
mechanical ventilation or parenteral nutrition.
Inflammation is not due to cystic duct obstruction,
but rather wall ischemia from decreased gallblad-
der contraction and overdistention, or by direct
bacterial infection. Clinical examination is similar
to that of acute calculous cholecystitis, but is often
masked by other comorbidities.

US, CT, and MR findings of acalculous cho-
lecystitis include a distended gallbladder with
wall thickening, intraluminal sludge with no
calculi, pericholecystic fluid, and hyperemia of
the gallbladder fossa on the arterial phase at CT
or MR (Fig. 4.16). These findings are nonspe-
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An IV contrast-enhanced MRCP was performed to assess
for possible choledocholithiasis and associated findings
prior to cholecystectomy. T2-weighted fat-saturated axial
image (d) again shows gallbladder distention, wall thicken-
ing (arrow), calculus (curved arrow), and pericholecystic
fluid (open arrow). T1-weighted IV contrast-enhanced arte-
rial phase MR image (e) demonstrates gallbladder fossa
hyperemia (arrow). ADC (f) and B600 (g) axial MR images
illustrate restricted diffusion of the gallbladder wall edema
(arrows) and the calculus (curved arrow)

cific, and may be seen with hypoalbuminemia,
hepatitis, cirrhosis, and heart failure, making
diagnosis difficult. Hepatobiliary scintigraphy
may help to confirm the diagnosis by showing
non-filling of the gallbladder, but may not reveal
the cause for non-filling. MR with MRCP can
be used to exclude choledocholithiasis, with a
reported negative predictive value of 93% for a
normal MRCP, and a probability of 89% of hav-
ing no CBD calculus demonstrated as well as
no readmission due to calculus disease within
6 months following MRCP [30]. MR/MRCP
may reduce the amount of unnecessary ERCP
procedures and associated complications.
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Fig. 4.16 Acute acalculous cholecystitis. 37-year-old
man with right upper quadrant pain. Longitudinal ultra-
sound image (a) demonstrates distention and wall thick-
ening of the gallbladder with associated pericholecystic
fluid (arrow). No calculi are present. MR/MRCP was sub-
sequently performed to assess for possible choledocholi-
thiasis. Axial T2-weighted fat-saturated MR and 3D

4.3.3 Complicated Acute
Cholecystitis

Untreated acute cholecystitis may result in perfo-
ration, abscess formation, fistula, peritonitis, and
gangrenous or emphysematous cholecystitis.

In gangrenous cholecystitis, there is necrosis
of the gallbladder wall, which is a surgical emer-
gency. US findings most specific for acute gangre-
nous cholecystitis include a striated, multilayered
appearance of the gallbladder wall, and an irregular
gallbladder wall with decreased or absent flow on
Doppler [31]. CT and MR show intraluminal mem-
branes, an indistinct wall with non-enhancement of
the foci of gangrene, intraluminal blood contents,
and pericholecystic abscess (Fig. 4.17) [32].

MRCP images (b, ¢) mirror the ultrasound, with gallblad-
der distention and wall thickening (arrows) with associ-
ated pericholecystic fluid (star on 3D MRCP image).
Again, no calculi were seen. Tl-weighted axial fat-
saturated IV contrast-enhanced arterial phase MR image
(d) shows hyperemia of the gallbladder fossa (arrow)

Emphysematous cholecystitis results from
small-vessel ischemia resulting in gallbladder wall
inflammation and necrosis with superinfection with
gas-forming organisms. This entity is usually seen
in diabetic or elderly patients, and carries a high
mortality. Gallbladder wall gas is a specific sign
readily seen on US and CT (Fig. 4.18). MR may
become useful if the diagnosis is unclear, as it can
show characteristic signal voids in the gallblad-
der wall or susceptibility artifact on GRE images.
Although the cross-sectional imaging features of
gangrenous and emphysematous cholecystitis over-
lap, the end result is still ischemia and necrosis,
with an urgent need for appropriate management.

Additional complications from acute cho-
lecystitis are perforation and/or hemorrhage of
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Fig. 4.17 Gangrenous cholecystitis. 70-year-old man
with new liver function test elevation and fever. Grayscale
(a) and color Doppler axial ultrasound images (b) reveal a
markedly abnormal gallbladder which contains a calculus
(curved arrows), and which has an irregular, thickened
wall with associated pericholecystic fluid collections
(arrows). Axial IV contrast-enhanced CT images (c, d)

show similar findings; however, the discontinuity of the
gallbladder wall is more conspicuous (arrows in d). A per-
cutaneous cholecystostomy tube was placed, and at a later
date a fluoroscopy tube check was performed (e), which
demonstrates a patent cystic duct and a markedly abnor-
mal gallbladder with a discontinuous wall and opacifica-
tion of multiple pericholecystic fluid collections (arrow)
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Fig. 4.18 Emphysematous cholecystitis. 74-year-old
man with a history of metastatic non-small-cell lung can-
cer who presented to the emergency department with
abdominal pain and vomiting. Axial (a) and sagittal (b) IV
contrast-enhanced CT images reveal a distended gallblad-
der with a large amount of gas within its irregular wall and

the gallbladder. Imaging findings in perforation
include discontinuity of the gallbladder wall, bulg-
ing of the wall suggesting an underlying defect,
and a pericholecystic fluid collection. MR imag-
ing with T1-weighted post-gadolinium images and
T2-weighted fat-suppressed images may be par-
ticularly useful when the perforation is discrete.
Hemorrhage may be seen in CT as hyperattenuating
blood, or in MR as T1 hyperintense signal as a result
of the T1-shortening effect of methemoglobin [33].

4.4  Biliary Ducts

4.4.1 Choledocholithiasis

Choledocholithiasis is the most common cause
of biliary obstruction, and may result in pan-
creatitis, jaundice, biliary colic, or cholangitis.
Calculi lodged in the common bile duct most
commonly form in the gallbladder and migrate to
the CBD, are dislodged during cholecystectomy,
or, rarely, may form in intrahepatic bile ducts and
travel to the CBD (5%) [34]. Clinical presenta-

lumen (arrows). Multiple foci of discontinuity are seen in
the gallbladder wall (open arrow, a), with dissection of
free gas into the portocaval region (not shown). There was
moderate perihepatic free fluid (star). There was a small
amount of pneumobilia in the left hepatic lobe (not
shown)

tion of choledocholithiasis ranges from mild to
severe depending on the degree of obstruction
and the presence of concomitant superinfection
leading to cholangitis, which requires emergent
drainage. Common symptoms include acute right
upper quadrant pain, pruritus, and jaundice, with
increased serum alkaline phosphatase and direct
bilirubin levels. Common complications other
than cholangitis include pancreatitis and second-
ary biliary cirrhosis.

The sensitivity of US for calculi in the cen-
tral bile ducts ranges from 55 to 91% [35], with
particular limitations due to duodenal gas artifact
adjacent to the pancreatic head. A calculus is
seen as an echogenic focus with posterior acous-
tic shadowing (Fig. 4.19). Ten percent of calculi
may produce no acoustic shadowing. Associated
US findings include biliary duct dilation, >6 mm
for the common bile duct (age-appropriate
adjustments must be taken into account), and
>2 mm for the intrahepatic bile ducts. CT sen-
sitivities range from 70 to 80%, and may show
an intraductal calculus (usually calcified in up to
80%), with a rim of surrounding bile (meniscus
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Fig. 4.19 Choledocholithiasis. 34-year-old woman with
abnormal liver function tests. Longitudinal ultrasound
image (a) demonstrates a shadowing calculus in the

or bull’s eye sign). Pure cholesterol calculi may
not be seen, as they have the same density as bile.
Indirect signs include biliary duct dilation, with
abrupt termination of the CBD.

MRCP is commonly performed when only
indirect signs are seen on ultrasound and/or
CT where other diagnoses cannot be excluded,
including CBD obstruction from pancreatic or
ampullary malignancy, chronic pancreatitis, chol-
angiocarcinoma, stenosis or stricture from a vari-
ety of causes, and primary sclerosing cholangitis.
MRCP has a sensitivity and specificity approach-
ing 100%. Signs on MRCP include a low signal-
dependent filling defect in the CBD (Fig. 4.20).
It is imperative to review the source images, to
avoid potential pitfalls including motion artifact,
cholecystectomy clip susceptibility, and vascular
compression, among others. The location of the
filling defect is essential, as nondependent filling
defects are seen in the setting of pneumobilia.
When the diagnosis is not definitive on US, CT,
or MRCP, ERCP is commonly performed, as it
provides both diagnostic and therapeutic options,
and is the imaging reference standard.

4.4.2 Acute (Ascending) Cholangitis

Acute cholangitis is characterized by the
triad of right upper quadrant pain, fever, and

dilated common bile duct (arrow). Therapeutic ERCP (b)
performed the next day shows two calculi in the common
bile duct (arrows)

jaundice, and is caused by gram-negative
bacteria superinfecting bile in the common
bile duct. It is most commonly seen in the set-
ting of biliary tract obstruction, for which CT
is most readily used to determine the cause.
Eighty percent of biliary obstructions are due
to choledocholithiasis, while the remaining are
usually due to malignancy, sclerosing cholangi-
tis, or biliary procedures including ERCP. US
shows thickening of wall of bile duct with
debris (usually pus) in the common bile duct
and associated intra- and/or extrahepatic bili-
ary duct dilation. Urgent antibiotics with gram-
negative coverage and biliary decompression
are potentially lifesaving. If severe, mortality
rates have been reported up to 50-90%. CT and
MR are useful to determine the cause of cholan-
gitis when a calculus is not readily seen on US,
and when the diagnosis is not clinically evident.
Early, inhomogeneous arterial enhancement
of the liver is seen in CT, although this find-
ing is nonspecific. T1-weighted fat-suppressed
post-gadolinium MR images show thick-
ened bile duct walls with increased enhance-
ment. T2-weighted MR images may show
ill-defined periportal hyperintense signal from
inflammation, and wedge-shaped hyperintense
regions of infection (Fig. 4.21). These findings
also help in distinguishing primary sclerosing
cholangitis.
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Fig. 4.20 Cholelithiasis and choledocholithiasis.
62-year-old man with right upper quadrant pain. Initial
ultrasound performed shows cholelithiasis without chole-
cystitis (arrow, a), and a dilated common bile duct (arrow,

b). The patient underwent an MRCP given his biliary
colic and dilated common bile duct. Axial T2-weighted
fat-saturated (¢) and 3D MRCP images (d) reveal calculi
in the distal common bile duct (arrows)

Fig. 4.21 Ascending cholangitis caused by Mirizzi’s
syndrome. 38-year-old man presents with right upper
quadrant pain and fever. Axial (a) IV contrast-enhanced
CT image show heterogeneous enhancement of the liver
parenchyma, dilated intrahepatic bile ducts, and multiple
liver abscesses (arrow). Coronal (b) IV contrast-enhanced

CT image reveals dilatation of the cystic duct and com-
mon hepatic duct caused by obstruction by a noncalcified
calculus (arrow) located at the junction of both ducts.
Also note thickening and hyperenhancement of the biliary
duct walls
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4.4.3 Recurrent Pyogenic
Cholangitis

Recurrent pyogenic cholangitis is caused by
pigment calculus formation in the biliary tract,
which is thought to be related to parasite infection
with Ascaris lumbricoides or Clonorchis sinen-
sis [36]. The proposed pathophysiology is that
parasitic organisms are infesting the biliary tract,
and inducing inflammatory and fibrotic changes
in the bile duct walls, leading to strictures, bile
stasis, disproportional dilation of the extrahepatic
bile ducts, intrahepatic calculi, and progressive
biliary obstruction with recurrent infection, lead-
ing to multiple cholangitic hepatic abscesses, and
even cirrhosis (Figs. 4.22 and 4.23) [36]. Parasitic
biliary infections are an established risk factor for
cholangiocarcinoma [37].

4.5  Acute Traumatic
and latrogenic Injury
to the Biliary Tract
4.5.1 Traumatic Injury

In the setting of trauma, biliary injury is inti-
mately associated with multiple organ injuries:
91% in hepatic injuries, 54% in splenic injuries,
and 54% in duodenal injuries [38]. As such, when
these injuries are identified, the radiologist must
actively search for signs of gallbladder, common
bile duct, and intrahepatic bile duct injury, and
make recommendations for additional imaging
accordingly. Identification of biliary tract inju-
ries in the setting of trauma poses a diagnostic
challenge, as these injuries are easily overlooked
if there is multi-organ injury. Mechanisms of
injury include torsion, shearing, compression,
blunt injury, acute deceleration, and penetrat-
ing trauma. Although bile duct injuries are rare,
occurring in approximately 0.1% of trauma
patients, and usually do not pose an imminent
threat to life, delayed diagnosis results in high
morbidity and mortality from complications
including bile leak and superinfection. In the set-
ting of missed diagnosis, symptoms are usually
not present until bile is superinfected, resulting in

delayed, vague symptoms including abdominal
pain, nausea, and vomiting. Laboratory findings
may demonstrate rising or persistently elevated
bilirubin.

Bile duct injury may involve the intra- or
extrahepatic bile ducts, and can be seen as tear
or transection, with a frequency of 0.5-21%
after hepatic trauma [39]. Injury to the intrahe-
patic ducts is commonly seen with liver injuries,
and usually affects small, subsegmental ducts.
Extrahepatic injuries (which include the com-
mon hepatic duct and common bile duct) are
less frequent, but require treatment with percu-
taneous, endoscopic, or surgical interventions.
Major ducts are usually injured extrahepatically
near the hilum due to anatomic fixation due to
shear from deceleration or blunt trauma. Many
intrahepatic injuries are self-limiting, as they
are contained by surrounding liver parenchyma.
In a study conducted at our institution, 28% of
patients who sustained liver injuries were found
to have contained and/or free bile leaks, so the
incidence of hepatobiliary injury may be higher
than previously thought [40].

In the era of increasing nonoperative manage-
ment of trauma patients and damage-control sur-
gery with perihepatic packing for liver injuries,
open abdomen with subsequent staged surgeries,
and decreased use of resection with closing lapa-
rotomy and drain placement, identification of a
bile leak may be delayed or even go unrecognized
for months to years [41]. Patients may present
with signs or symptoms of bile leak or bile duct
transection or ligation, including jaundice, biliary
peritonitis, and cholangitis. However, diagnosis
is frequently delayed due to nonspecific symp-
toms, including abdominal pain, malaise, nausea,
and anorexia, which may be attributed to other
more frequent postoperative complications [42].
Late manifestations include recurrent cholangitis
and secondary biliary cirrhosis due to strictures.
Early diagnosis of bile leaks after trauma has
been shown to result in a shorter hospital length
of stay, with imaging playing an integral role in
decreasing morbidity and mortality [43].

A multimodality approach is often warranted
to care for these complex patients. There is
absence of consensus both in the literature and in
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Fig. 4.22 Recurrent pyogenic cholangitis. 46-year-old
Asian man who presented with abdominal pain radiating
to the back. A non-contrast urinary calculus protocol CT
was obtained. Axial images (a, b) from this examination
reveal diffuse, relatively marked intrahepatic bile duct
dilation with numerous large intraductal calculi (arrows).
Axial T2-weighted fat-saturated (c¢) and 3D MRCP (d)

images show the same findings (arrows). The patient
underwent ERCP (e) for calculus extraction and sphinc-
terotomy. Again seen is extensive bile duct dilation,
greater in the left hepatic lobe, with multiple bile duct cal-
culi (arrows). These findings are characteristic of recur-
rent pyogenic cholangitis
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Fig.4.23 Biliary ascariasis. 22-year-old man from India
with right upper quadrant pain. Grayscale (a, ¢) and color
Doppler (b) longitudinal ultrasound images reveal linear
and curvilinear echogenic, non-shadowing structures

practice for an algorithmic approach to the diag-
nosis of posttraumatic bile leaks. To our knowl-
edge, decisions are often based on the extent of
the biliary injury, associated organ injuries, and
local expertise. Hemodynamically stable patients
who have sustained blunt trauma often undergo
CT at the time of admission to delineate their
injuries and triage their management. If there
is a low suspicion for a bile leak and anatomic
detail of the biliary tract is not necessary, hepa-
tobiliary scintigraphy is appropriate for exclud-
ing a bile leak. At our institution, our surgical
colleagues routinely order hepatobiliary scintig-
raphy 3—4 days after liver injury. Conversely, if
there is a high clinical suspicion for biliary injury
including rising serum albumin levels, increasing
ascites, enlarging perihepatic fluid collections,
or central liver lacerations, MRCP with hepato-
biliary contrast material is obtained to provide
both anatomic and functional information, which
helps guide treatment.

M. C. Bernal Fernandez et al.

within the common bile duct (arrows in a, b) and gallblad-
der (arrow, ¢). Biliary ascariasis was confirmed at ERCP
(not shown) (images courtesy of Dr. Tharakeswara
Bathala)

4.6 latrogenicInjury

Due to advances in both open and laparoscopic
techniques in the last few decades, there has
been an increase in the number of hepatobi-
liary surgeries, including open and laparoscopic
cholecystectomy, hepatic resection, and hepatic
transplantation, as well as liver biopsy. As a
result, there has been a rise in the number of
biliary injuries, including bile leak, transection,
stricture (Fig. 4.24), and obstruction by surgi-
cal clips, which can lead to the development of
bilomas, biliary peritonitis, cholangitis, sepsis,
biliary cirrhosis, portal hypertension, and hepatic
or multi-organ failure.

Detection of biliary injury in the iatrogenic
setting is difficult as the patients’ clinical symp-
toms are often nonspecific, including abdominal
pain, malaise, nausea, and anorexia, which are
frequently seen in association with other more
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Fig. 4.24 Hepatico-jejunostomy anastomotic stricture.
46-year-old woman with a history of hepatico-
jejunostomy now presents with abdominal pain and
hyperbilirubinemia. 3D fast spin-echo (3DFSE) MR
images demonstrate dilated intrahepatic bile ducts with
independent anastomoses of the right (arrow, a) and left
hepatic ducts (a; dashed arrow). On the post-contrast
delayed-phase images following the administration of a
hepatobiliary contrast agent, the right hepatic duct is

commonly encountered postoperative complica-
tions [42, 44]. The reported rates of bile duct
injury are 0.3-0.72% for laparoscopic cholecys-
tectomy, 0.1-0.2% for open cholecystectomy,
and 2-25% for orthotopic liver transplantation
or hepatic resection, particularly in nonana-
tomic hepatic resections. Only approximately
25% of bile duct injuries are identified intra-
operatively [45, 46]. In addition, intraoperative
cholangiography is no longer commonly per-
formed due to risk of a tear at the confluence of
the cystic and common bile duct at the site of
ligation, increased operative time, and increased
procedural cost [47]. Thus, a high index of sus-
picion must be maintained postoperatively for
biliary injury.

shown to be patent (arrow, b and c), while the left is
obstructed (arrow, d). The patient subsequently under-
went drainage of the left system via percutaneous tran-
shepatic cholangiography (e). Abdom Radiol, Iatrogenic,
blunt, and penetrating trauma to the biliary tract, vol 42,
2017, 28-45, LeBedis CA, Bates DDB, Soto JA.
©Springer Science + Business Media New York 2016.
With permission of Springer

4.7  Biliary Tract Injury Imaging

Imaging plays a crucial role in the diagnosis
of bile duct injury, as well as assessment of its
location and severity. A multimodality imaging
approach to biliary injury is often necessary, as
each modality has its own strengths and limita-
tions. Options include US, CT, MRCP, hepato-
biliary scintigraphy, percutaneous transhepatic
cholangiography (PTC), and fluoroscopy with
a contrast agent injected through a surgically
or percutaneously placed biliary drainage cath-
eter [48]. CT is routinely used as the first-line
imaging modality in the setting of trauma and
the ill postoperative patient, often showing
subtle and nonspecific findings associated with
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posttraumatic or iatrogenic biliary injury. Liver
lacerations, focal perihepatic or intrahepatic fluid
collections, and ascites may be the only indica-
tors of bile duct injury. A high level of suspicion
is required in the presence of these findings, par-
ticularly when other organ injuries (liver, spleen,
and duodenum) are noted in the trauma patient,
or in the persistently ill postsurgical patient. In
these patients, recommending follow-up imaging
is essential for the diagnosis of potential late bili-
ary leaks. For example, persistent or increasing
low-attenuation intraperitoneal fluid in the setting
of recent trauma (Figs. 4.25 and 4.26) or surgery
is concerning for bile leakage. Additional find-
ings of peritoneal thickening and hyperenhance-
ment are suggestive of bile peritonitis, and a site

of leak should be searched for with advanced
imaging modalities [49].

US may be useful in follow-up of known com-
plication to show increasing or decreasing perihe-
patic fluid, and as a quick and convenient imaging
modality for routine follow-up assessment in
nonoperative management of hepatic trauma, to
detect or confirm the absence of bile leak-related
complications [50]. Possible findings in the set-
ting of biliary injury include gallbladder wall
thickening, collapsed gallbladder in the setting
of perforation, perihepatic and intrahepatic fluid
collections, and ascites. More advanced imaging
modalities are increasingly recommended and
used, as a normal MRCP essentially excludes
bile duct injury. When results are indeterminate

Fig. 4.25 Bile leak due to liver laceration from blunt
trauma. 21-year-old woman following a motor vehicle
collision who was ejected from her vehicle. Axial (a) and
coronal (b) IV contrast-enhanced CT images reveal an
AAST grade 3 laceration (arrows) of segments six and

seven with associated perihepatic hemoperitoneum (star).
Hepatobiliary scintigraphy (¢) performed due to concern
for a bile leak shows radiotracer extravasating from the
liver into the peritoneum (arrow)
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Fig.4.26 Bile leak due to liver laceration from penetrat-
ing trauma. 27-year-man who sustained multiple gunshot
wounds to the abdomen and thorax. Axial IV contrast-
enhanced CT images show an AAST grade 4 liver lacera-
tion at the dome of the liver (a, arrow), hemoperitoneum

due to artifacts from peritoneal fluid or tissue
edema, hepatobiliary scintigraphy or ERCP may
prove definitive in diagnosis.

MRCP with hepatocellular contrast agents
provides detailed anatomic information, as
well as functional information, with the added
advantage of potentially showing the exact site
of bile leak and safely permitting differentiation
between fluid of biliary and non-biliary origin.
MRCP with hepatocyte-selective agents, includ-
ing gadoxetic acid, can be performed as the initial
imaging examination, as it can be used to guide
subsequent management, whether it be endo-
scopic, percutaneous, or surgical [51]. Gadoxetic
acid causes T1 shortening of bile, and in conjunc-
tion with an MRCP may help in revealing biliary
anatomy and bile leaks (Fig. 4.27).

Hepatobiliary scintigraphy provides physi-
ologic information, and is sensitive for demonstrat-
ing a bile leak, but delayed 4-h imaging is essential.
However, decreased spatial resolution limits the
ability to accurately reveal the site of leak, infor-
mation which governs treatment decisions; thus,
evaluation with additional modalities including
MRCP and ERCP is commonly needed.

Endoscopic retrograde cholangiopancreatog-
raphy (ERCP) has both diagnostic and thera-
peutic capabilities, and remained the reference
of imaging standard for decades for biliary

extending into the left upper quadrant (star), and a left
chest tube (open arrow). Hepatobiliary scintigraphy (b)
was subsequently performed, revealing a contained
biloma at the site of the laceration at the dome of the liver
(arrow)

tract imaging and intervention. In recent years,
ERCP has been commonly reserved solely for
patients requiring therapeutic intervention, as
imaging modalities have substantially advanced
to become the standard diagnostic option for
accurate diagnosis [52]. ERCP is more invasive,
and is usually pursued after noninvasive imag-
ing examinations have shown or revealed find-
ings suspicious of or definitive for a bile duct
injury. Treatment options during the procedure
include stenting to bypass and secondarily heal
the injury by diverting bile flow with or with-
out sphincterotomy. Another consideration with
sphincterotomy is the inherent short-term risk
of pancreatitis and a long-term risk of stricture,
especially in young patients [53]. The optimal
duration of biliary stenting remains to be eluci-
dated to our knowledge, and has been reported to
vary from 3 to 16 weeks in prior reports [39, 54].

Percutaneous transhepatic cholangiogram
(PTC) and fluoroscopy via an indwelling cath-
eter are useful techniques to guide percutaneous
transhepatic biliary drain (PTBD) placement,
which can provide biliary drainage and/or
diversion in the setting of biliary injury [46].
Compared with ERCP, PTC has the advantage
of being able to demonstrate the proximal bili-
ary tract, common bile duct, and, if present, an
aberrant right hepatic duct [46].
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Fig. 4.27 Bile leak after cholecystectomy. 32-year-old
woman with worsening abdominal pain 10 days after cho-
lecystectomy. Coronal (a) and axial (b) T2-weighted MR
images demonstrate large perihepatic fluid collection

(arrow). Axial TIl-weighted gadoxetate disodium-
enhanced 20-min delayed MR image (c¢) demonstrates

4.8 Biloma

A bile leak occasionally results in a biloma which
may be intra- or extrahepatic. Since bile is sterile
and is absorbed by the peritoneum, patients may
not experience any symptoms for weeks after the

direct leakage of biliary contrast from the cystic duct into
the perihepatic fluid collection (arrow). The patient under-
went placement of a percutaneous transhepatic biliary
drain placement. During this procedure, contrast extrava-
sation confirmed a leak from the cystic duct remnant
(arrow, d)

initial trauma. If the bile becomes superinfected,
patients may present with systemic inflammatory
response syndrome (SIRS) and respiratory distress
[55]. If the biloma results in extrahepatic biliary
duct compression, laboratory evaluation may show
signs of cholestasis (i.e., elevation of serum alka-
line phosphatase, total and direct bilirubin) [55].
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In the setting of abdominal trauma, studies
report up to a 20% incidence of biliary ascites
or bilomas in patients treated conservatively [43,
56]. Bilomas are most commonly described post-
iatrogenic injury from cholecystectomy or partial
hepatectomy, with an incidence of <0.1% [55].
Other less common causes of biloma include
cholangiocarcinoma, acute cholecystitis, tuber-
culosis, hepatic abscess, infarction, and, rarely,
choledocholithiasis in the setting of spontaneous
rupture of the biliary tree.

US may have a role in patients with a history
of recent trauma or hepatobiliary surgery who
present with right upper quadrant pain, chills, and
fever, and shows a well-circumscribed, anechoic
fluid collection increased through transmission,
debris, or septations, in a subphrenic, subhepatic,
or intrahepatic location [55]. Loculated ascites or
other postoperative collections may appear iden-
tical to a biloma, and the need for more advanced
imaging or fluid sampling is usually warranted.
CT reveals progressive growth of a well-circum-
scribed, low-attenuation perihepatic or intrapa-
renchymal fluid collection. There should be no
identifiable capsule or peripheral enhancement
which would indicate a nontraumatic liver mass
such as a liver abscess or hemangioma. A hepatic
hematoma would also be higher attenuation (as
that of blood between 30 and 60 HU, depending
on acuity).

Hepatobiliary scintigraphy, MR with hepato-
biliary contrast agents, or aspiration may be used
for differentiation. MR shows a well-defined fluid
collection, which is hyperintense on T2-weighted
images and hypointense on T1-weighted images.
Hepatobiliary contrast agents are excreted into
the biliary tract, and may reveal the site of a bile
leak in the hepatobiliary phase. Standard MRCP
without hepatobiliary contrast cannot defini-
tively reveal the site of bile leak or be used to
distinguish biloma from other fluid collection.
Hepatobiliary scintigraphy, if positive, shows
focal accumulation of radiotracer outside the
biliary tract and bowel. In summary, a loculated
low-density collection following hepatic trauma
or surgery requires further evaluation.

4.9  Biliary Fistulas

Fistulas are abnormal communications between
two epithelial-lined surfaces. Biliary fistulas
result from communication of the biliary tract
with duodenum, colon, bronchi, skin, or even
a vessel. Biliary fistulas most commonly result
from gallstone erosion through the gallbladder
wall. Trauma and iatrogenic injury may also
result in biliary fistulas. The type of fistula will
be dictated by the underlying injury and its ana-
tomic relation to surrounding structures.

Biliary-enteric fistula is suggested by pneu-
mobilia, which is detected as gas extending
peripherally along the portal triads of the liver
within the biliary system. This may be seen on all
types of imaging, and must be suggested in the
absence of prior sphincterotomy, surgical bypass
procedure, recent endoscopic retrograde chol-
angiopancreatography, or passed common duct
calculus [57]. In general, cholecystoduodenal
fistulas are the most common type, followed by
cholecystocolic and choledochoduodenal fistulas
[58]. The clinical manifestation of enterobiliary
fistulas is often nonspecific, and most patients are
diagnosed on the basis of an incidentally detected
imaging finding [58].

Biliary-vascular fistulas are rare, but may
be suggested on CT when opacification of the
biliary system with iodinated contrast is noted,
a finding which is rarely diagnosed prospec-
tively. Diagnosis is most commonly suggested
by clinical findings suggesting bleeding, or
laboratory evaluation showing excessively high
serum levels of direct bilirubin, and only mod-
erately elevated liver enzymes indicating bil-
hemia (bile mixing with blood). Confirmation is
done with selective hepatic arteriography, which
shows extravasation of contrast material into the
biliary tract, and also serves to exclude hepatic
artery aneurysm/pseudoaneurysm as a source of
bleeding.

Pleural-biliary fistula may be suspected in non-
resolving low-density pleural effusion in the set-
ting of trauma or hepatobiliary surgery (Fig. 4.28).
This is typically diagnosed with thoracentesis.
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Fig. 4.28 Biliary fistula. 20-year-old man following a
gunshot injury, with liver laceration and associated bile
leak into the right pleural space. IV contrast-enhanced
axial CT images from inferior to superior (a-b) reveal an
AAST grade 4 liver laceration in the right lobe of the liver

4,10 Gallbladder Trauma

Gallbladder injuries include wall contusion, per-
foration, and avulsion, most of which present as
intraluminal or pericholecystic hematoma. Only

along the bullet trajectory (solid arrows), and a right pleu-
ral fluid collection (open arrow) with a drainage catheter
in place (curved arrow). ERCP images (d and e) show
contrast (arrows) accumulating in the right subphrenic
space, and tracking to the right pleural space

approximately 2% of patients who undergo lapa-
rotomy for traumatic injury are found to have a
gallbladder injury [59]. Clinically, a patient with
gallbladder injury will develop slowly progres-
sive abdominal complaints, as seen with other
traumatic biliary injuries. CT is the first-line



4 Acute Hepatobiliary Imaging

73

Fig. 4.29 Active gallbladder hemorrhage after blunt
trauma. 31-year-old man following rollover motor vehicle
collision. Axial IV contrast-enhanced CT images in the
arterial (a), portal venous (b), and 5-min delayed phases
demonstrate a focus of hyperattenuation within the gall-

bladder lumen (arrows in b and ¢), which first appears on
the portal venous phase, and which expands on the 5-min
delayed phase, representing active intraluminal hemor-
rhage. Perihepatic fluid is also noted (stars)

Fig. 4.30 Gallbladder
trauma. 36-year-old man following stab wound to the
right upper quadrant. Axial (a) and sagittal (b) IV contrast-
enhanced CT images show an AAST grade 3 liver lacera-
tion extending to the gallbladder wall, and layering

laceration from penetrating

hyperattenuating intraluminal material. The patient under-
went subsequent cholecystectomy, and a laceration of the
gallbladder wall with an associated intraluminal hemor-
rhage was identified. Perihepatic hematoma was also
noted on CT (stars)
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imaging modality as it most accurately depicts
blood within the gallbladder lumen (Figs. 4.29
and 4.30). Other findings in CT include gall-
bladder wall thickening, pericholecystic fluid,
intramural hematoma or layering blood, indis-
tinct gallbladder wall or discontinuous mucosal
enhancement, active bleeding from cystic artery
injury, and low-attenuation collections around
the liver. An indirect sign of gallbladder wall
injury is displacement of the gallbladder from
its fossa. US shows echogenic fluid within the
gallbladder. Potential mimics of intraluminal
blood in the gallbladder on CT include milk
of calcium, and vicarious excretion of contrast
material from previous CT examinations, which
may simulate intraluminal blood [60]. Similar
findings are seen with MRI/MRCP. T1-weighted
MR images and MRCP aid in identifying intra-
mural hematoma.

Conclusion

A multimodality approach is often warranted
to care for patients with hepatobiliary dis-
eases, as they often present as complex diag-
nostic and therapeutic challenges. In the
setting of nontraumatic hepatobiliary injury,
as for example with acute cholecystitis, CT
and ultrasound remain the imaging examina-
tion of choice due to accessibility, low cost,
and rapid acquisition. They also serve as use-
ful imaging tools to reveal other causes of
acute abdominal pain. High clinical suspicion
is often needed to elucidate the more rare pre-
sentations of acute abdominal pain, such as a
pregnant woman with HELLP syndrome, or a
young woman with hemoperitoneum from a
ruptured adenoma. In the setting of posttrau-
matic hepatobiliary injury, there is a lack of
consensus, both in the literature and practice,
for an algorithmic approach, to our knowl-
edge. Decisions are often based on the extent
of biliary injury, associated organ injuries, and
local expertise. MRCP often plays an integral
role in the diagnosis of posttraumatic compli-
cations in stable patients. MRCP is a powerful
adjunct imaging tool for equivocal cases, and
for showing complications, either from known
hepatobiliary disease or in the postoperative

setting. It is expected that as MR becomes
more advanced in providing accelerated
acquisition times, artifact reduction, and cost
reduction, it will become a primary imaging
modality in emergency hepatobiliary settings
where there is a high clinical suspicion for
aforementioned diseases and injuries.
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