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13.1 Introduction

Gallbladder disease is one of the most common
conditions that affects a significant portion of the
worldwide population, and symptomatic choleli-
thiasis is responsible of a significant percentage of
emergency department visit for abdominal pain.

The epidemiology and risk factors of choleli-
thiasis have been widely investigated over the last
several decades. Gallstones formation is the result
of a complex interaction of multiple factors,
including increasing age, hormonal effects (female
gender, parity, exogenous oestrogens) metabolic
disorders (obesity, diabetes mellitus, dyslipidae-
mia), dietary factors (high cholesterol diets), liver
disease (cirrhosis, HCV infection), gallbladder
stasis (long-term parental nutrition, low physical
activity), and also genetics factors [1].

Crystalline deposits in the gallbladder are
classified by chemical composition: cholesterol
stones (>70% of cholesterol content), the most
common type in the Western world, formed by
supersaturation of cholesterol and associated
with a decrease in the quantity of bile salt and
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lecithin, and mixed stones (from 30 to 70% of
cholesterol content) and pigmented stones
(cholesterol <30%), further distinguished into
black and brown stones. Black stones are formed
from polymerized calcium bilirubinate and are
associated with hemolytic disorders and cirrho-
sis; brown pigment stones are composed of unpo-
lymerized calcium bilirubinate, are most common
in Oriental population, and are correlated with
recurrent pyogenic cholangitis and biliary para-
site infections [2—4].

As well as their cause, the types of gallstone
vary by the measures attempted to prevent their
formation, their response to dissolution therapy,
and their appearance on imaging procedures [5].

The prevalence of cholelithiasis in the devel-
oped countries varies between 5 and 25%, and
most patients are asymptomatic. It was calculated
that each year approximately 2-4% of people
with gallstones develop symptoms [5, 6] with
biliary colic being the most common symptom.

13.2 Biliary Tract Obstruction
13.2.1 Cholelithiasis and Biliary Colic

Biliary colic is typically steady in quality rather
than “colicky” as the name implies, and it is
described as a constant, dull right upper quadrant
abdominal pain, sometimes radiating to the right
back or the shoulder and not relieved or exacer-
bated by movement, position, or bowel function.
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Typically, pain will last more than 30 min with
the maximum time being 6 h [7, §].

It results from gallbladder distention after
acute and usually transient obstruction of the cys-
tic duct by stones or sludge. When the stone falls
back into the gallbladder or migrates into the
common bile duct (CBD), the pain usually sub-
sides; otherwise, gallstones can obstruct the cystic
duct or gallbladder neck with an irritation of the
gallbladder mucosa, a subsequent release of sev-
eral inflammatory mediators, and progressive
gallbladder wall inflammation, typically leading
to an acute cholecystitis.

The presence of biliary stones into the
choledochus defines the condition of
choledocholithiasis.

This pathological entity is classified as pri-
mary or secondary according to stone origin: the
primary form refers to stones formed directly
within the biliary tree, while the secondary refers
to stones ejected from the gallbladder. Primary
choledocholithiasis is generally composed of
brown stones and is rare in Western populations,
while secondary choledocholithiasis is charac-
terized by a stone composition analogous to that
of cholelithiasis, with cholesterol as the most
common type [9].

Once in the CBD, stones may reach the duode-
num following the bile flow; otherwise, also
owing to the smaller diameter of the distal duct
caliber at the Vater papilla, they may remain in the
choledochus. In this latter case, gallstones may be
mostly asymptomatic or cause a variety of bile
flow problems, including complete obstruction
and jaundice. Bile stasis may be also responsible
for bile infection and consequent ascending chol-
angitis, whereas bile/pancreatic juice flow
obstruction may potentially trigger the intrapan-
creatic activation of pancreatic enzymes, causing
acute biliary pancreatitis. Hepatic abscesses may
also be a rarer infectious complication of choledo-
cholithiasis, whereas chronic CBD obstruction
may also cause biliary cirrhosis.

Extremely rarer is the condition of an obstruc-
tion of the common hepatic duct due to extrinsic
compression by an impacted gallstone in the gall-
bladder neck, known as Mirizzi syndrome. Patients
typically present with fever, right upper quadrant

pain, and obstructive jaundice. Repeated bouts of
recurrent cystic duct stone impaction and inflam-
mation may lead to a cholecystobiliary fistula [10].
13.2.1.1 Imaging of Primary
Condition
Since its advent in 1968, the endoscopic retro-
grade cholangiopancreatography (ERCP) has
become the gold standard in the setting of biliary
obstruction. It is an invasive procedure technique
for the examination and intervention of the biliary
tract, with a reported complication rate of 1 to 9%
and a mortality rate from 0.2 to 0.5% [11].
Advances in biliary radiology with US, CT,
and MRI technology have allowed an accurate,
noninvasive imaging of the biliary tree and
pancreas, in the setting of biliary obstruction and
in the investigation of its causes and severity. In
some cases, a multimodality imaging approach
may be necessary.

us

Abdominal ultrasonography is the imaging of
choice in patients with upper abdominal quadrant
pain and is widely recommended as the initial
imaging test in case of suspicion of biliary colic
because of its high sensitivity and accuracy,
noninvasiveness, lack of ionizing radiations,
relatively low cost, and widely available.

Its accuracy for detecting gallbladder stones is
more than 95%, and its sensitivity is comparable
to that of MR cholangiopancreatography (MRCP)
(97.7%), although it is less sensitive for the detec-
tion of microlithiasis and biliary sludge [12].

The characteristic findings of gallstones at US
are a highly reflective echo from the anterior wall
of the gallstone, gravitational mobility of the
gallstone on repositioning the patient, and marked
posterior acoustic shadowing (Fig. 13.1). This
latter finding is extremely important in regard to
the specificity of the technique and furthermore
for the differential diagnosis of a gallbladder
mass seen at US, because non-shadowing
structures are considerably less likely than shad-
owing structures to represent gallstones.

When the gallbladder is completely filled with
stones, the resulting appearance is termed the
wall-echo-shadow sign (Fig. 13.2): the anterior
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Fig. 13.1 Longitudinal scan on US exam showing mul-
tiple gallstones located on the posterior gallbladder wall

Fig. 13.2 Wall-echo-shadow sign: the gallbladder is
completely filled with stones with intense acoustic shadow
that obscures deeper structures

gallbladder wall is echogenic; a thin layer of bile
immediately underneath the anterior wall is usu-
ally seen as a dark line; finally, the most superfi-
cial stones are seen as a highly echogenic layer
beneath the bile with associated intense shadow-
ing that obscures the deeper stones and the poste-
rior gallbladder wall [12].

Even though US has a high specificity for cho-
ledocholithiasis, its sensitivity ranges from 22 to
33% for detecting CBD stones [13, 14].

The major limitation for US in detecting CBD
stones is mostly represented by the presence of
intestinal gas, which often obscures the distal
common duct and the ampulla of Vater.
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Operator experience also plays a major role:
when the examination is performed by an expert
operator, sensitivity is nearly double (77-90%)
than that of an operator with little experience
(37-47%) [15].

US, however, is able to detect indirect signs of
obstruction, in particular the subsequent dilatation
of the CBD and even of the intrahepatic biliary
tree. Biliary dilatation greater than 6 mm in
patients with an intact gallbladder and than
10 mm postcholecystectomy is suspected of
biliary obstruction.

CcT

Although ultrasonography (US) is the most use-
ful imaging modality for initial evaluation of the
biliary system, multidetector computed tomogra-
phy (CT) is often ordered in the emergency
department for patients who present with nonspe-
cific abdominal complaints or in cases where US
findings are equivocal.

The sensitivity of CT for detecting choledo-
cholithiasis varies between 72 and 88%;
however, sensitivities for direct depiction
(excluding indirect signs like ductal dilatation
from criteria) of CBD stones have not exceeded
75% [16-18].

The appearance of gallstones on CT imaging
varies with their chemical composition; stones
may be heterogeneous in appearance, ranging
from being heavily calcified and radiopaque to
being slightly less radiopaque than bile due to
cholesterol and to having gas attenuation due to
locules of nitrogen gas, and may vary in appear-
ance even within the same patient [19] (Fig. 13.3).

Nitrogen gas accumulation within gallstone
fissures is sometimes observed in a star-shaped
pattern on CT, termed the “Mercedes-Benz” sign
[12, 20].

Approximately 10 to 20% of gallstones is
composed of pure cholesterol, which are low in
density, and they appear isoattenuating with bile,
resulting in being hard to see on CT images.

Detection of biliary stones depends in part on
technologic factors and in part on the care taken
by the interpreting physician.

In general, CBD stones at CT may be better
evaluated using thin sections and multiplanar
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Fig. 13.3 Axial (a) and coronal (b) contrast-enhanced CT images show a voluminous mixed gallstone consisting in
hypodense core and calcified shell with tiny peripheral gas collections

Fig. 13.4 A 66-year-old woman with choledocholithia-
sis. Axial (a) non-enhanced CT image with narrow win-

dow setting shows hyperdense sludge within the
iuxtapapillary choledochus (empty arrow). Coronal (b)

reconstructions; unenhanced CT to establish a
baseline helps identify biliary stones and confirm
their lack of contrast enhancement. The use of
narrow window settings can accentuate the atten-
uation difference between the stone and adjacent
bile or soft tissue, improving their detection [18]
(Fig. 13.4).

Baron has recommended using the highest kilo-
voltage setting (140 kVp) to increase the chances
of distinguishing stones from the bile [21].

A portal venous phase image, obtained
through the abdomen 70-80 s after the intravenous

contrast-enhanced CT image confirm a dilated CBD with
intraluminal sludge seen as mildly increased density
(white arrow) in hypoattenuating bile

injection of a 100-150-mL bolus of contrast
material with a high iodine concentration (300-
400 mg of iodine per millimeter), is required [17].

Traditionally, the presence or absence of bile
duct stones can be determined through the crite-
ria previously described by Baron, who illus-
trated the appearance of stones depending on a
slice of examination [22]. In particular, the stone
can be seen as a central density surrounded by
hypoattenuating bile or ampullary soft tissue
(target sign); otherwise, a faint rim of increased
density can be visible along peripheral margin of
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low-density calculus (rim sign). Again, a calculus
with increased density that is surrounded by a
crescent of hypoattenuating bile is suggestive of
the crescent sign.

When visible on CT images, biliary stones
have a lamellated appearance and are angulated
and geometric in shape and tend to be in a depen-
dent posterior location in the biliary tract, with a
crescent of bile outlining the anterior portion of
the stone. Furthermore, signs of inflammation
such as periductal edema, biliary epithelial
thickening, and mural enhancement may point to
local irritation caused by stones or to associated
cholangitis or cholecystitis. However, mural
enhancement has been reported to be frequently
seen with malignancy and should prompt careful
investigation [17].

A particular kind of CT imaging helpful for
patients with suspected choledocholithiasis is the
CT cholangiography, which provides a noninva-
sive opacification of the biliary tract and can be
achieved with the administration of intravenous
positive contrast materials, such as iopanoic acid,
which are excreted into the bile. CT cholangiog-
raphy is helpful for patients with suspected cho-
ledocholithiasis (sensitivity 86-93%, specificity
100%). It has also been shown to have sensitivity
in diagnosing bile duct stones comparable with
magnetic resonance cholangiography (>90%)
and higher than unenhanced helical CT [23, 24].

However, this technique has some disadvan-
tages that limit its use: a pre-imaging medication
with antihistaminic drugs is required to prevent
potentially life-threatening allergic reactions; a
higher dose of radiation is needed, compared
with conventional helical CT; and furthermore,
the excretion of currently available biliary con-
trast materials is variable and is influenced by
poorly understood factors. In particular, patients
with liver insufficiency and high serum bilirubin
levels (levels >3 mg/dl) often have CT cholangio-
graphic images with insufficient opacification of
bile ducts [25].

Definitely, CT imaging is better able to accu-
rately demonstrate the location (97%) and cause
(94%) of biliary obstruction, compared with US,
but US is still more sensitive, specific, and accu-
rate for diagnosis of cholelithiasis and has been

shown to have a much higher positive predictive
value (75% vs 50% for CT) and negative predic-
tive value (97% vs 89% for CT) for diagnosing
acute biliary disease [26].

MRI

In acute biliary disorders, MR imaging, including
MR cholangiopancreatography (MRCP), can be a
valuable complement to other imaging strategies
in patients with severe symptoms and those sus-
pected of having serious complications, especially
when US and CT findings are inconclusive.

About 15-30% of patients who have acute
biliary disorders are estimated to require MR
imaging.

Because of its very high tissue contrast, multi-
sequence MR imaging can provide a more com-
prehensive and detailed evaluation of the biliary
tree and pancreatic duct, and because of its non-
invasiveness and for the absence of the morbidity
and mortality risk associated with ERCP, it has
been widely adopted in the work-up of biliary
obstruction [27].

On Tl1-weighted images, pigment gallstones
appear to be hyperintense, while cholesterol gall-
stones are hypointense on the T1-weighted images;
the reason of hyperintensity of pigment gallstones
on T1-weighted images is in their composition, in
particular in their metal ion content [28].

Gallstones are well depicted on MRCP, regard-
less of their location, and appear on T2-weighted
images as foci of low signal intensity surrounded
by bright bile (Fig. 13.5 and Fig. 13.6). Several
studies have demonstrated that the sensitivity and
specificity for MRCP in diagnosing choledocholi-
thiasis are high (85-92% and 93-97%), with gen-
erally better results when sections with a thickness
of 3 mm or less are acquired [29].

However, one important pitfall is represented
by the reduced accuracy of MR cholangiography
in the detection of small stones. Even with thin-
section 3D imaging techniques, the sensitivity
for stones that are 3 mm or smaller is substan-
tially less than for larger calculi and may be less
than 50%.

Additional limitations have also been reported,
such as mistaking multiple impacted stones (with
minimal surrounding bile) for a stricture or
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Fig. 13.5 (a) Axial T2-weighted MR image shows a dis-
tended gallbladder with several small stones layered in the
lumen. (b) MR cholangiopancreatogram confirms the

presence of numerous tiny stones in the gallbladder; the
main bile duct and intrahepatic branches are dilated, but
non-stones are clearly present in the lumen

Fig. 13.6 Choledocholithiasis. Coronal T2-weighted image (a) and MRCP (b) show multiple filling defects in the

CBD, related to numerous calculi

misidentifying pneumobilia, which manifests as
signal voids with all sequences, for an intrabili-
ary stone [30].

When stones are not identified despite a high
level of clinical suspicion, more invasive studies
such as ERCP or endoscopic US may be pursued.

In particular, EUS is considered to have high
sensitivity, especially for small CBD stones, seem-
ing to be superior in the detection of CBD stones
than 5 mm in diameter, compared to MRCP.

Endoscopic retrograde cholangiopancreatog-
raphy (ERCP), despite its small but not negligible
risk of complications, represents the most accu-
rate diagnostic procedure for detecting CBD
stones and also allowing their removal [31].

13.2.1.2 Imaging of Complications

The most frequent complications of choledocho-
lithiasis are acute cholangitis and gallstone
pancreatitis.
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Acute cholangitis is a potentially life-
threatening condition caused by partial or com-
plete obstruction of the biliary tree with biliary
stasis and increased intrabiliary pressure, which
predisposes to bacterial overgrowth and ascend-
ing infection. Acute suppurative cholangitis
refers to pus in the biliary tract, a condition that
can lead to increased intraluminal pressure and
precipitate biliary sepsis. Independent risk fac-
tors for this severe form of acute cholangitis
include patient age older than 70 years, current
smoker status, and an impacted biliary stone
[32, 33].

The classical presentation is the “Charcot
triad” of fever, right upper quadrant abdominal
pain, and jaundice, which has however been
reported to be present in 56-70% of patients.
Patients can also present with “Reynold pentad”,
which is Charcot triad with shock and altered
mental status [34].

The most common bacteria isolated in infected
bile without prior instrumentation are E. coli
(31%), Klebsiella ~ pneumoniae (17%),
Enterococcus faecalis (17%), and Streptococcus
species (17%) [35].

Complications of acute cholangitis include
pyogenic hepatic abscesses, portal vein thrombo-
sis, and biliary peritonitis (Fig. 13.7).

The most common CT finding of acute cholan-
gitis is biliary obstruction, with a diffuse and con-
centric thickening of the extrahepatic biliary duct
with enhancement. Purulent bile may have
increased CT attenuation. Transient hepatic atten-
uation differences (THADs), which appear as
patchy, wedge-shaped, or geographic inhomoge-
neous hepatic parenchymal enhancement during
the hepatic arterial phase on the CT, have been
reported to be common in patients with acute
cholangitis [36].

A recently described CT scoring system based
on the extent of transient hepatic attenuation dif-
ferences, degree of biliary dilatation, and pres-
ence of an obstructive lesion is highly sensitive
(84-90%) and specific (84 %) for the diagnosis of
acute cholangitis [37].

There are no specific studies comparing multi-
detector CT with MR imaging in the setting of
cholangitis. However, MR imaging seems to be
more helpful than multidetector CT because of
the higher signal-to-noise and contrast-to-noise
ratios [38].

Enhancement of intrahepatic biliary duct
walls is a common finding, reported in up to 92%
of cases investigated with MR imaging, and it is
best seen with gadolinium-enhanced delayed-
phase fat-suppressed sequences.

Fig. 13.7 Choledocholithiasis with acute cholangitis,
gallbladder perforation, and hepatic abscess. Coronal
contrast-enhanced CT image (a) shows obstructive
gallstones in the distal CBD with marked proximal intra-
and extrahepatic biliary ductal dilatation and a hydropic
gallbladder with dependent stones, focal disruptions of

the wall, and multiple loculated pericholecystic fluid col-
lections. Axial (b) contrast-enhanced CT image shows an
intrahepatic abscess, represented by a low-attenuation
lesion with subtle peripheral enhancement in the left liver
lobe (white arrow)
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Fig. 13.8 Axial (a) and coronal (b) contrast-enhanced
CT images show a diffuse pancreatic swelling with
peripancreatic and retroperitoneal edema and fat

Liver parenchymal changes, caused by an
extension of the inflammatory process into the
periportal tissues, with a dilatation of the peribili-
ary venous plexus and an increasing arterial flow,
are seen in MR imaging as a high signal intensity
on T2-weighted images and an inhomogeneous
contrast enhancement with a wedge-shaped
(72%), peripheral patchy (14%), or peribiliary
(14%) pattern distribution [39].

Another potential complication of choledo-
cholithiasis is represented by biliary pancreatitis.

Gallstone or biliary sludge impaction at the
ampulla of Vater may cause ampullary spasm, pan-
creatico-biliary reflux, and obstruction of the com-
mon and pancreatic ducts, leading to acute
pancreatitis (Fig. 13.8). Alternatively, biliary sludge
may cause cholestasis or irritate the sphincter of
Oddi, causing edema and biliopancreatic outflow
obstruction. Anatomic variations such as a common
pancreatico-biliary channel or pancreas divisum
also raise the risk of acute pancreatitis [40, 41].

Most patients presenting with this complica-
tion present typical symptoms of pancreatitis,
and fewer may also provide a history of biliary
colic. The most common complaint is sudden-
onset epigastric or right upper quadrant abdomi-
nal pain that is unrelenting and in 50% of cases
radiates to the back [42].

Upper abdominal pain with amylase or lipase
three times the upper normal limit is diagnostic
of acute pancreatitis in many cases, and the

stranding, extending to the pararenal space (thickened
Gerota’s fascia). Small calcified gallstones are present
into the gallbladder lumen (black arrow)

addition of choledocholithiasis on imaging may
sufficiently identify the cause as biliary. However,
as previously said, ultrasonography may fail to
detect stones smaller than 4 mm, and small stones
are a known risk factor for biliary pancreatitis.

CT is often not an essential study in mild gall-
stone pancreatitis but provides more useful infor-
mation in moderate to severe cases. The use of
CT for stratification of severity and to direct man-
agement requires appropriate timing and tech-
nique because pancreatic involvement is best
visualized on CT at a few days after the onset of
symptoms. If an initial CT was obtained during
diagnosis, it may need to be repeated if the
patient’s pain is persistent and laboratory values
fail to trend toward normal.

Findings at contrast-enhanced CT include an
obstructive stone in a dilated CBD, associated
with an edematous hypoattenuating pancreas
with surrounding peripancreatic inflammation
and fluid. Severe cases of pancreatitis may
include findings of pseudocyst formation and
parenchymal necrosis.

13.3 Cholecystitis
13.3.1 Acute Cholecystitis

Acute cholecystitis is defined as inflammation of
the gallbladder, generally caused by obstruction of
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the cystic duct. The most common causes of cystic
duct obstruction are gallstones or biliary sludge
(acute calculous cholecystitis), which represent
over 90% of cases. Cholecystitis can also occur in
the absence of gallstones and is known as acalcu-
lous cholecystitis, a much rarer condition which
occurs in critically ill or injured patients (trauma,
burns, sepsis), and it is generally the result of bili-
ary stasis and/or gallbladder ischemia [43].
According to the World Society of Emergency
Surgery (WSES) guidelines 2016, there is no
single clinical or laboratory finding with sufficient
diagnostic accuracy to establish or exclude acute
cholecystitis (Level IIB); combination of detailed
history, complete clinical examination, and
laboratory tests may strongly support the
diagnosis of acute cholecystitis (Level IVC) [44].
13.3.1.1 Imaging of Primary
Condition

us

US exam is the first imaging modality per-
formed in the suspect of acute cholecystitis
according to guidelines [44], because of its high
sensibility, sensitivity, and availability. US
detects the presence of gallstones and the signs
of acute cholecystitis and assesses the positivity
of Murphy sign.

Typical findings of acute cholecystitis on US
exam are distention of gallbladder (defined as
diameter greater than 5 cm on axial scan and
greater than 8§ cm in longitudinal scan) due to
cystic duct obstruction and homogeneous wall
thickening (defined as thickness > than 4 mm),
finding that must be differentiated from gallblad-
der wall thickening related to other causes
(Table 13.1). Other typical findings are stratified

Table 13.1 Other causes of gallbladder wall thickening

Adenomyosis

Acute hepatitis

Hepatic cirrhosis

Gallbladder neoplasia
Congestive hepatic right failure

Secondary involvement in acute processes in upper
abdomen
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aspect of gallbladder wall related to submucosal
edema (Fig. 13.9) and the presence of perichole-
cystic fluid. On Power Doppler hyperemia of the
gallbladder wall could be demonstrated.

The detection of single or multiple obstructive
stones or endoluminal sludge (Fig. 13.10) even-
tually confirms the underlying cause even though
diagnostic performance of US in the diagnosis of
inflammation of the gallbladder is not as good as
its performance in the diagnosis of gallstones, as
indicated in a recent meta-analysis [45]; more-
over, it also presents several limitations related to
body habitus.

Fig. 13.9 Acute cholecystitis. Longitudinal US scan
shows stratified aspect of gallbladder wall caused by
submucosal edema and the presence of a single stone
impacted in the infundibulum

Fig. 13.10 Acute cholecystitis in a 76-year-old man with
right upper quadrant pain. Longitudinal US scan shows a
gallbladder wall thickening (>3 mm) with intraluminal
bile sludge, forming a non-shadowing “sludge ball”
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CT

As previously said, the main limitations of CT
exam performed in patients with clinical suspi-
cion of acute biliary disorders are represented by
the detection of stones, which could be difficult
to recognize—especially if they are small in
size—and the radiation exposure. For these rea-
sons, its use is limited to patients with atypical
symptoms and signs or when complications are
suspected.

Similarly to US exam, CT findings of acute
cholecystitis include gallbladder distension with
inhomogeneous bile attenuation and gallbladder
wall thickening, with intense mucosal enhance-
ment after endovenous injection of contrast
media and ipo-attenuating submucosal edema
(Fig. 13.11). In addition, the presence of pericho-
lecystic fat stranding, pericholecystic fluid, and
hyper-enhancement of liver parenchyma adjoin-
ing to gallbladder fossa (CT rim sign) could be
detected [46].

MRI
When findings in previous exams are ambiguous,
MR imaging may be helpful in detecting stones,
especially in particular sites like gallbladder neck
and cystic duct and the associated gallbladder
wall abnormalities [47].

On T2-weighted images, the gallbladder
wall may show increased signal intensity and

Fig. 13.11 Acute cholecystitis in a 51-year-old man with
upper abdominal pain and fever, already treated by
cholecystostomy. Axial contrast-enhanced CT image
shows a gallbladder wall thickening, with intense mucosal
enhancement and hypoattenuating submucosal edema

B. Veronica et al.

thickening. Pericholecystic fluid collections and
edema of the surrounding liver tissue may be
found. Periportal hyperintensity, although a non-
specific finding, may be observed on T2-weighted
images. Although an inflammation-related
increase in bile protein content may result in vari-
able signal intensity of the bile on T1-weighted
images, the bile usually appears markedly
hypointense on T1-weighted sequences due to
the impairment of gallbladder concentrating
capability, a typical finding of the acute inflam-
matory phase. After administration of contrast
media, gallbladder wall and surrounding fat show
increased enhancement (Fig. 13.12). Similarly to
CT exam, adjacent liver parenchyma can also
show enhancement; this finding is due to a hyper-
emic response of the liver parenchyma related to
acute inflammation of the gallbladder.

13.3.1.2 Complications

Emphysematous Cholecystitis
Emphysematous cholecystitis is a surgical emer-
gency, prevalent in women and in diabetic popu-
lation, and can occur as a complication of
acalculous cholecystitis [48]. It is favored by
hypoperfusion of cystic artery, and it carries a
five times greater risk of perforation compared
with uncomplicated acute cholecystitis [18].

It is typically caused by secondary infection
of the gallbladder wall by gas-forming bacteria
that infect the gallbladder wall producing intra-
mural and intraluminal gas, such as Clostridium
welchii, C. perfringens, E. coli, and Bacteroides

fragilis.

On US exam it appears as inhomogeneous
wall thickening, in which multiple hyper-
echoic, highly reflecting intramural spots can
be detected (“dirty” shadowing). A more spe-
cific, though less common finding consists of
small, non-shadowing echogenic foci rising up
from the dependent portions of the gallbladder
lumen, similar to effervescing bubbles in a
glass of champagne (“champagne sign”). Also
air in biliary ducts can be detected. The main
limitations of ultrasound evaluation are repre-
sented by artifacts related to presence of gas
within parietal wall or in the lumen of the
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Fig. 13.12 Axial T1-weighted MR image before (a) and
after gadolinium administration (b) in a 61-year-old man
with persistent jaundice and biliary stent implantation.

Gallbladder appears over-distended with a hyper-
enhanced wall thickening and an intraluminal air-fluid
level with hyperintense small stones in dependent position

Fig. 13.13 (a, b) Emphysematous cholecystitis in an
86-year-old woman with upper abdominal pain and fever.
Axial contrast-enhanced CT images show an over-

gallbladder. For these reason CT (Fig. 13.13) is
considered the most sensitive and specific
imaging modality for identifying mural gas
and for identifying complication like visceral
perforation [49].

MR imaging has a supplementary role in pro-
viding information on intramural necrosis as well
as intraluminal gas (Fig. 13.14). Gas in the gall-
bladder lumen and wall appears as signal void
area, but it could be difficult to differentiate intra-
mural gas from intramural stone. Susceptibility
artifact at the air-tissue interface generates
larger signal voids on fat-suppressed T1-w,

distended gallbladder and an important wall thickening
with intraluminal (arrow) and intramural air (arrow head)

fat-suppressed T2-w, and black blood T2-w spin-
echo echo-planar images than on heavily T2-w,
because heavily T2-w images are less affected by
susceptibility. This finding could help distinguish
intramural gas from an intramural stone [27].

Gangrenous Cholecystitis

Gangrenous cholecystitis occurs in up to 39% of
patients with acute calculous cholecystitis [50] as
a consequence of ischemic injury of gallbladder
wall related to inflammatory processes. The
presence of focal mural defect can evolve into
visceral perforation leading to loculated or freely
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Fig. 13.14 Emphysematous cholecystitis in an 86-year-
old woman: axial T2 fat-suppressed (a), T1 weighted out
of phase (b), and contrast-enhanced (¢). MR axial images
show a marked gallbladder wall thickening with intense

flowing intraperitoneal bile [46], pericholecystic
or intrahepatic abscess, and peritonitis, depend-
ing on the site of perforation [50].

Compared to not complicated cholecystitis, on
US exam gangrenous cholecystitis appears as
inhomogeneous, irregular hypoechoic wall thick-
ening of gallbladder wall with hypoperfused
areas on Doppler corresponding to necrosis with
laminated intraluminal membrane.

Findings on CT exam are similar to US; in par-
ticular poorly enhancing wall with focal hypoat-
tenuating defects in the gallbladder mucosa or
sloughed intraluminal membranes suggests gan-
grene [46]. Pericholecystic abscesses, appearing
as hypoattenuating areas rounded by tiny rim
enhancement (Fig. 13.15), have been described in
cases of gangrenous cholecystitis with specificity
close to 90% [51].

contrast enhancement. Inhomogeneous intraluminal
material and void of signal areas due to air bubbles are
also detected

On MRI, the “interrupted rim sign” (patchy
enhancement of the gallbladder mucosa) repre-
sents areas of necrosis. Gangrenous cholecystitis
may be suggested by asymmetric gallbladder wall
thickening due to intramural microabscesses,
intramural hemorrhage, and complex perichole-
cystic fluid collections containing debris.

Hemorrhagic Cholecystitis
Hemorrhagic cholecystitis is more prevalent in
patients with alytiasic cholecystitis than lytiasic
one. It can clinically present with hemobilia as a
consequence of necrosis of the wall with subse-
quent rupture of small parietal vessels or bleed-
ing of pseudoaneurysm of cystic artery.

In addition to the signs of acute inflammation,
gallbladder appears distended by inhomoge-
neous hyperechoic finely corpusculated material
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Fig. 13.15 Gangrenous cholecystitis in a 64-year-old
woman with leukocytosis and abdominal pain and a
clinical history of pancreatic adenocarcinoma. Axial (a)
and coronal (b) contrast-enhanced CT images show

suspended in the lumen or stratified in the declive
position. Gallbladder wall can present irregular
thickening with focal hypoechoic and hyper-
echoic areas related to underlying necrotic pro-
cesses and focal hemorrhagic areas, respectively.

On CT exam, the gallbladder appears dis-
tended by hyperdense endoluminal material
rounded by irregular thickening of the wall,
which has patchy density before and after con-
trast media administration due to coexisting isch-
emic and hemorrhagic areas. Blood breakdown
products in the gallbladder wall and lumen can be
clearly identified on pre-contrast MRI sequences,
detecting, according to their specific intensity of
signal, the age of the hemorrhage [52].

Suppurative Cholecystitis

Suppurative cholecystitis (gallbladder empyema)
typically occurs in diabetic patients as a conse-
quence of infection by suppurative bacteria
(Fig. 13.16). In addition to findings of acute non-
complicated cholecystitis, gallbladder appears
distended by corpusculated material that appears
hyperechoic on US and hyperattenuating of CT

gallbladder wall thickening with focal mucosal defects
(arrow) without frank perforation and pericholecystic
inflammation with multiple loculated fluid collections
(arrow head)

exam, resembling sludge and without findings
specific for empyema. At MRI imaging heavily
T2-weighted imaging is sensitive enough to dem-
onstrate purulent bile, which is dependent and
has lower signal intensity. On other types of MR
images, pus or purulent bile is difficult to demon-
strate [27]. Only clinical signs and symptoms and
percutaneous needle aspiration of the gallbladder
can establish the diagnosis of empyema.

Cholecysto-Enteric Fistulas
and Gallstones lleus
Cholecysto-enteric fistulas are abnormal commu-
nications between gallbladder and gastrointestinal
lumen via their wall and usually follow several
episodes of acute or subacute cholecystitis.
Fistulas can occur between gallbladder and
duodenum, in small bowel loops, or in colon (cho-
lecysto-colic). When a gallstone greater than
2.5 cmin diameter passes through a fistula between
the gallbladder and small bowel, the impacted
gallstone on the ileocecal valve leads to a mechan-
ical small bowel obstruction (gallstones ileus).
Classical findings are defined in the “Rigler’s
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Fig. 13.16 Acute suppurative cholecystitis in a diabetic
patient with abdominal pain and fever. Non-enhanced
axial CT image (a) shows a distended gallbladder with
moderate hypodense wall thickening and intraluminal

high-attenuating corpusculated material resembling

triad”: sign of small bowel mechanical obstruc-
tion, presence of gas in the lumen of gallbladder
and/or in biliary tree (pneumobilia), and ectopic
gallstone (usually in the right iliac fossa)
(Fig. 13.17). The presence of two of the three signs
of the Rigler’s triad is considered diagnostic, and
CT represents the imaging study of choice [53].

Bouveret syndrome consists in a gastric outlet
obstruction produced by a gallstone impacted in
the pylorus or proximal duodenum; it can be
considered a very proximal form of gallstone
ileus [54].

sludge. The MR images performed 1 week later (b and ¢)
show gallbladder wall fissurations with multiple pericho-
lecystic fluid collections. Percutaneous cholecystostomy
was subsequently performed and purulent material was
drained

Pseudoaneurysms of Cholecystic Artery
Pseudoaneurysms of cholecystic artery are
among the worst complications of acute chole-
cystitis because of their high risk of bleeding,
and they are due to parietal artery damage as a
consequence of acute inflammation. They
could be asymptomatic when detected as inci-
dental findings or can present as acute, mas-
sive upper abdomen bleeding. CT is the best
effective instrument to detect the presence of
pseudoaneurysms and to plan their best
treatment.
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Fig. 13.17 Gallbladder perforation with an entero-
biliary fistula in a 73-year-old woman with abdominal
pain and high fever. Coronal (a) and axial (b) contrast-
enhanced CT images show a collapsed gallbladder with an
irregular wall thickening and inhomogeneous intense
enhancement and a fistulous communication between the
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