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Abstract

Computed tomography (CT) is an important tool in
the workup of patients with biliary emergencies.
Optimal settings are mandatory to take full
advantage of multidetector CT and to obtain the
best multiplanar images with the lowest achievable
radiation dose. CT is also part of an imaging
strategy together with ultrasonography and mag-
netic resonance imaging. CT is a problem solver in
the case of cholecystitis, most often complemen-
tary to ultrasonography, especially in the case of
complications such as abscesses. CT is also an
important tool to assess unusual diseases such as
Mirizzi syndrome and ischemic cholangitis.
Because CT is a tool that is available 24/7, the
radiologist should be familiarize himself or herself
with appropriate protocols and with interpretation
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1 Introduction
Although computed tomography (CT) is the work-
horse of imaging in the case of abdominal emergen-
cies, examination of the biliary tract is one field where
ultrasonography (US) and magnetic resonance imag-
ing (MRI) challenge CT. US has been the initial
procedure for years and is still recommended when
Y. Menu () - J. Cazejust - A. Ruiz - L. Azizi - L. Arrivé acute cholecystitis is suspected or when bile duct
Hopital Saint Antoine, , dilatation is anticipated in a patient with a potential
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would help in the triage of patients (Endo 2010).
Although the role of MRI in emergency patients has
been very low until now, some authors are now
exploring the capability of MRI in these conditions.
MRI has some advantages, such as high tissue con-
trast, sensitivity to fluid and inflammation, allowing
cholangiopancreatography, and improved spatial res-
olution and examination duration (Tkacz et al. 2009).
Conversely, with CT it might be difficult to identify
bile duct stones when they are poorly mineralized,
and the radiation dose is a drawback (Brenner 2010).
Also, although US and MRI have native 3D capabil-
ities, CT was primarily a 2D method. The third
dimension really appeared as a competitive adjunct
with the development of multidetector CT (MDCT),
especially with machines that include at least 16
detector rows, opening the possibility of nearly iso-
tropic imaging (Choi et al. 2007). For bile ducts,
volumetric examination through multiplanar naviga-
tion is clearly a necessity (Choi et al. 2007).

The availability of CT machines is also an
important feature in emergency conditions. CT has
definitely taken a leading role in the management of
abdominal emergencies at large, and is now widely
available 24/7 in most institutions that are in a posi-
tion to take care of these patients (Mills et al. 2010).
Therefore, availability is less a problem for CT than
for other modalities such as MRI. For some institu-
tions that do not host a specialized radiologist, send-
ing images through a teleradiology system for remote
reporting is also a possibility.

Because patients with acute abdomen should be
examined with short notice, there are three competing
major modalities, and the radiologist who is in charge
of these patients should know how to manage all three
modalities and make the best use of each as far as
necessary, dealing with complementarities and sub-
stitution. Therefore, the clinician will appreciate this
integrated management of imaging modalities.

Finally, in some situations, interventional radiol-
ogy can be helpful, because it can solve the problem
itself, become a temporary substitute for surgery in
fragile patients, or even be a complement to surgery.
Therefore, every radiologist should know the poten-
tial role of interventional radiology in these condi-
tions, and appreciate the anatomical possibilities, as
well as the optimal method for guidance, which is
very commonly either CT or a combination of US and
fluoroscopy.

In this chapter, the role of CT will be stressed, but
in every situation the reader will be reminded of the
role of US and MRI and the possibility of interven-
tional radiology to help the radiologist become a
complete global imaging expert.

2 CT Technique

2.1 How Many Rows?

Although CT examination of the bile ducts can be
performed with virtually all CT machines, MDCT is a
clear advance owing to the possibility to perform
isotropic or nearly isotropic imaging. Given the
complex anatomic orientation of the bile ducts and
gallbladder, appreciation of all structures requires at
least axial, coronal, and sagittal views with a similar
spatial resolution (Choi et al. 2007).

It is also obvious that examination should never be
focussed on the usual area of the bile ducts, for sev-
eral reasons. First, although there are many anatom-
ical variants, a distended gallbladder may be found as
low as the right iliac fossa. Second, the bile ducts
accompany the liver when it is displaced or enlarged.
Again, finding the gallbladder in the right iliac fossa
is possible in the case of liver enlargement. Third,
some diseases of the bile ducts may lead to bile
leakage, and therefore may be associated with peri-
toneal or even sometimes retroperitoneal fluid, which
could be found down in the pelvis. Finally, the
examination is usually motivated by symptoms that
may correspond to disease of bile ducts as well as to
many other emergency conditions. Therefore, the
minimum examination should include the abdomen
and the pelvis. Relying on clinical background, and
also age characteristics, one should discuss if the
inclusion of chest CT during the same examination is
desirable or not. In a patient with severe infection,
examination of the chest is recommended. Con-
versely, if the symptoms are clearly located to the bile
ducts and if the patient is young, one can question if
the additional radiation dose given for additional
chest CT acquisition is justified or not. However, in
this case, US would have been a better option from
the beginning.

To compromise between the acquisition volume,
duration of apnea, and the necessity to provide
isotropic images, MDCT machines with 16 rows
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and above are most appropriate. If machines with
fewer than 16 rows are used, the compromise
would probably be to increase the pitch and
decrease the volume to maintain spatial resolution.
Obviously, 64-row machines are best adapted to the
examination of the bile ducts, given the necessity to
examine the whole abdomen, as well as the chest in
many cases.

2.2 Plain Images

Another question is the necessity to perform plain
imaging and/or postcontrast imaging. The main
advantage of plain images is that they allow the
detection of calcifications. This might be critical
because, unlike urinary stones, the vast majority of
biliary stones, at least those found in the common bile
duct, are only faintly calcified or not calcified at all.
Therefore, postcontrast images carry the risk of
overlooking common bile duct stones (Neitlich et al.
1997). Conversely, adding another acquisition will
increase the overall radiation dose (Brenner 2010).

Therefore, there is no unique answer to this ques-
tion. The decision to perform plain imaging should be
taken by the radiologist, in the context of clinical
symptoms and previous US examination. Schemati-
cally, if there is suspicion of a common bile duct
stone, if US findings are inconclusive, and if MRI is
unavailable, CT should probably be performed using
both plain and enhanced imaging.

In rare cases, iodine cannot be injected into the
patient, owing to the presence of a contraindication.
Although the amount of information will be much
less, plain CT might, however, provide some useful
information, such as the presence of calcifications,
blood, or gas or the identification of a large tissue
mass.

2.3 Contrast Enhancement

In most cases, intravenous contrast medium injection
is mandatory, in order to better delineate normal tis-
sue, tumor, and inflammation.

There are no specific requirements for contrast
medium injection related to bile duct examination,
and the injection rate and the iodine concentration are
similar to those in most routine abdominal protocols.

A total dose of 2 ml/kg and an injection rate of
1-2 ml/s are common and suitable settings.

The best single acquisition is performed in the
portal phase, starting 70-90 s after injection has
started. These slices are optimal to evaluate normal
and abnormal bile duct wall and surrounding tissues
and vessels.

In very rare instances, additional acquisition could
be useful. In the case of bleeding of unknown origin,
or suspicion of ischemic disease of the bile ducts, it
might be useful to include an acquisition in the arte-
rial phase as well. These situations are uncommon.

Delayed images are usually unnecessary.

24 Acquisition Parameters

Slice thickness is a confusing issue with MDCT. Slice
collimation, primary reconstruction, and secondary
reconstruction are usually completely different. Slice
collimation is dependent on the detector characteris-
tics. Most modern devices can acquire images with a
collimation of approximately 0.6-1 mm. However,
these slices are raw data and are seldom reconstructed
as images, because the signal-to-noise ratio is not
optimal, at least for an acceptable radiation dose
(Gallix et al. 2006).

Most commonly, thicker slices are reconstructed.
There are several options depending on the machine
and the workstation. Because the biliary tree is a
somewhat complex anatomic structure, multiplanar
reconstructions are very useful, and sometimes not
just in the common three planes (axial, coronal,
sagittal). Oblique reconstructions are interesting,
and specific planes should be adapted to the
patient’s specific anatomy, and to the findings for a
disease.

Therefore, it is desirable to reconstruct a set of thin
slices (approximately 1-1.25 mm) with an overlap-
ping reconstruction to improve the quality of images
reconstructed in alternative planes. Some worksta-
tions provide on-the-fly fast reconstruction in all
directions, using the set of thin slices, and making
easier the navigation in the volume. However, there
are drawbacks: the signal-to-noise ratio is still not
optimal and the number of slices is very high, which
is a problem for storage and image transmission.

As a compromise, most centers now produce Sys-
tematic and automatic reconstruction of 2—3-mm-thick
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slices in axial, coronal, and sagittal planes. Thinner
slices are available on workstations in order to perform
additional postprocessing, but may or may not be
recorded on storage systems (picture archiving and
communication system) and are usually not recorded
on mobile media such as a CD-ROM.

The voltage is a very important issue for the
optimization of the radiation dose to which the patient
is exposed. Except in severely overweight patients,
the voltage should not be set over 120 kV. In very
thin patients, it is sufficient to use 100 kV. Most
machines come with different software aiming to
decrease an unnecessarily high radiation dose. A
radiation dose report is provided for each examina-
tion. It is the radiologist’s responsibility to check that
the CT dose index and LDP are within acceptable
limits.

2.5  Main Protocols

As a summary, there are four different protocols for

CT of the bile ducts:

1. The most common protocol consists in a single
acquisition, in the portal phase (70-90 s) after
injection of iodine.

2. If there is suspicion of a common bile duct stone, a
noncontrast acquisition should be added.

3. If the patient’s general condition is poor, for
instance, with intense fever, and if the symptoms
are unclear, it is wise to include a chest CT
acquisition as well.

4. In the case of bleeding, an arterial phase acquisi-
tion is mandatory.

However, these are general orientations and the
radiologist should fine-tune the protocol according to
the clinical questions. He or she should keep in mind
that the expected quality of the examination and the
radiation dose should be appropriately adapted to the
patient’s characteristics and symptoms.

Because CT is only one tool among others for
these patients, the radiologist should be familiar with
the indications, possibilities, and limits of alternative
methods such as US and MRI. Ideally, the radiologist
could be able to decide which examination is best
suited to the patient or which sequence of examina-
tions is appropriate. In that case, it is likely that US
will be the first examination performed in the vast
majority of cases.

3 Gallbladder Disease

3.1 Acute Cholecystitis

Acute cholecystitis is a very common disease. It
accounts for 3—10% of all patients with abdominal pain
(Brewer et al. 1976). Most of the patients are over
50 years old. In 90-95% of patients, it is attributable to
gallbladder stones. It is likely that the stones in the
gallbladder are deleterious for several reasons. First,
there could be a direct mechanical inflammation rela-
ted to contact of the stone with the mucosa. Second,
this inflammation may cause a small hemorrhage that
might increase inflammation again and favor infection.
However, the third process might be the most impor-
tant one. The stone may block the outflow, increasing
the pressure within the gallbladder and favoring the
development of infection. The degree of obstruction
and its duration are important factors. If the obstruction
is incomplete and short, the patient has biliary colic. If
the obstruction is total and durable, acute cholecystitis
can develop (Kimura et al. 2007).

In less than 10% of cases, cholecystitis may
develop in a gallbladder with no preexisting stones.
This “acalculous” cholecystitis is mainly observed in
patients with a severe general condition, such as in
patients in an intensive care unit for any reason, in the
postoperative period in patients who have undergone
heavy surgery, and more commonly in patients with a
recent polytrauma or blunt trauma of the abdomen.
For this reason, it should be remembered that the
absence of a gallbladder stone does not preclude the
possibility of a cholecystitis. The pathogenesis is
somewhat similar to that of calculous cholecystitis.
Even if there is no stone, stasis and functional
obstruction of the bile outflow is probably the main
reason for infection and inflammation. There is a lack
of stimulation for gallbladder emptying, which is also
enhanced by medications such as opioid analgesics.
Gallbladder ischemia and the presence of mediators
of inflammation due to the associated disease are also
cofactors.

A specific situation is the patient with recent
chemoembolization, who is exposed to ischemic
cholecystitis (Wagnetz et al. 2010). In this case, the
diagnosis is easy, given the clinical background.
Cholecystitis related to radioembolization is a similar
issue (Atassi et al. 2008).



Biliary Emergencies

97

Fig. 1 A 88-year-old woman with abdominal pain and a
Murphy sign on clinical examination. a Ultraonography (US)
findings were misleading because there was some material
within the gallbladder but it was “floating”. Shadowing was
mild. b No definite wall thickening in the gallbladder fundus.
Although the diagnosis of acute cholecystitis was likely,
computed tomography (CT) was performed because of some
ambiguous features. c—e Postcontrast CT in the axial (¢, d) and
in the coronal (e) planes. Obvious thickening of the gallbladder

There are several stages of acute cholecystitis
(Kimura et al. 2007). Initially, the cholecystitis is only
edematous. There is no damage to the gallbladder
wall except reversible edema. Necrotizing cholecys-
titis is the second stage. There is damage to the
mucosa, but lesions are not transmural. Suppurative
cholecystitis is the third stage. Active necrosis is
present and there is a risk of perforation and peri-
cholecystic abscesses. Finally, chronic cholecystitis is
the result of repeated occurrences of attenuated epi-
sodes. Mucosal atrophy is observed as well as fibrosis.

Acute cholecystitis presents as a progressively
increasing pain of the right upper quadrant or of the
epigastric area. Pain may be continuous or acumi-
nated. One major characteristic is that the palpation of
the gallbladder area reinforces the pain, which should
be same as the spontaneous pain, and should prevent
the patient from breathing in deeply. If the palpation
is done in the same condition, but in a slightly dif-
ferent area, the same characteristics do not appear.
This is known as the Murphy sign. Hyperthermia is

wall was seen. On the upper slice (c¢), the gallbladder wall
seemed highly inflammatory, with some mucosal disruption.
On the lower slice (d) the wall appeared as homogeneously
thickened. On the coronal image (e), the difference between the
obviously thickened wall in the upper part of the gallbladder
contrasts with the rather normal appearance of the fundus, as
noticed on US. See also in ¢ slightly hyperdense material
appearing within the gallbladder as well as hyperemia of the
surrounding liver, related to gallbladder inflammation

present, but moderate. In the case of very severe
hyperthermia, one should suspect a complication such
as perforation.

In most circumstances, US should be the first
examination performed for the detection of chole-
cystitis, at least if it is clinically suspected. US has the
potential to identify the gallbladder stone, thickening
of the gallbladder wall, and hypervascularization of
the inflamed wall, as depicted with color Doppler US
(Ralls et al. 1985, Jeffrey et al. 1995). Also, US has
the potential to reproduce the clinical Murphy
maneuver, and to check that the target area for pal-
pation is really related to the gallbladder (Ralls et al.
1982).

There have not been so many studies comparing
the results of US and CT for the detection of acute
cholecystitis. Only Mirvis et al. (1986) found that the
final results were very similar, and their study was
limited to a very short series of 15 cases, in which
sensitivity and specificity were both 100%. Because
technology has improved so much, MDCT should
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Fig. 2 Typical cholecystitis associated with gallstones. A 44-
year-old man with right upper quadrant pain, fever, and a
Murphy sign. CT in the axial (a, b) coronal (c), and sagittal

also be an excellent tool for this purpose. Compared
with US, the only drawback of CT was that gallstones
were not always identified. However, this did not
prevent the correct diagnosis being made using the
other signs for inflammation.

When US findings are positive and typical, there is
no need for additional CT. However, US has limita-
tions. Access to the gallbladder area may be difficult
owing to gas interposition and a small stone in the
gallbladder neck might be challenging to identify.
Finally, in not all cases of cholecystitis is there a
thickened wall and even wall thickening can be het-
erogeneous (Fig. 1). Gangrenous cholecystitis may
have with a very thin wall, and carry a high risk of
perforation.

Because CT is typically performed in challenging
cases, and because the identification of a stone in the

(d) planes confirms gallbladder wall thickening, hyperattenu-
ation of the perivesicular fat, and stranding, associated with
calcified gallstones in the neck of the gallbladder

gallbladder neck might be difficult, it is advisable to
start the examination with plain images acquired
through the upper abdomen only. Arterial phase
images are not mandatory. Portal phase images are
the best adapted sequence. Thin slices are desirable
because the anatomy of the gallbladder is rather
complex. In addition to conventional axial, coronal,
and sagittal planes, oblique reconstructions through
the long axis and the short axis of the gallbladder
allow optimal analysis of the gallbladder wall. This is
critical because one of the goals of CT examination is
to detect fistulization through the gallbladder wall,
mainly to the liver parenchyma.

The most common feature of cholecystitis is
thickening of the gallbladder wall (Figs. 1, 2, 3, 4).
Usually the threshold is 3 mm. Measurement of the
gallbladder wall is not so easy because there are
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several layers, with enhanced mucosa, and edematous
submucosa (Fig. 3) One should measure the whole
gallbladder wall, and not only the enhanced layer,
which is often limited to the mucosa. After contrast
medium injection, there is a marked enhancement of
the gallbladder wall, either homogeneous or layered
owing to preferential enhancement of the mucosa
(Fig. 2). Edema of the periphery of the gallbladder
wall may be seen as a hypodense ring, which is often
interpreted as a perivesicular localized peritoneal fluid
collection (Fig. 3). Actually, this cannot be the case
because there is no peritoneal recess between the
superior part of the fundus and the liver. Fluid can be
present as well. A very small quantity is only the
result of local inflammation and is not necessarily
pejorative.

Gallbladder wall thickening is not specific to
cholecystitis, as it can be found in other circum-
stances, such as portal hypertension, adenomyoma-
tosis, and acute hepatitis. Portal hypertension is not a
problem because there are no clinical symptoms for a
cholecystitis. Adenomyomatosis can be associated
with colic pain, in the case of a commonly associated
gallbladder stone. However, there is no fever or
inflammation of the gallbladder wall, and the
appearance of very small cystic lesions within the
wall is rather characteristic. Conversely, acute hepa-
titis can occur with a very similar pain. Evaluation of
liver test results is useful because cholecystitis is
rarely associated with a very high level of transami-
nases, whereas hepatitis is usually associated with
marked cytolysis.

Mucosal sloughing is another sign for cholecystitis
(Fig. 5). However, it is difficult to identify owing to
mild changes of attenuation between the mucosa and
the bile, which can be hyperattenuating itself.

Hyperemia of the surrounding liver is often asso-
ciated with cholecystitis and can be a helpful ancillary
sign. Of course, it is likely that localized liver
hyperemia is related to inflammation of the gall-
bladder wall, and this may help one differentiate
inflammation from other causes of wall thickening
(Fig. 1).

Stranding and hyperattenuation of the perivesicular
fat is a second sign frequently observed. Although this
appearance is consistent with regional inflammation,
its specificity is rather low.

Difficulty to see gallstones on CT sometimes
makes it difficult to differentiate between calculous

Fig. 3 Edematous thickening of the gallbladder wall in a
patient with acute cholecystitis. A 91-year-old man without
any medical record with abdominal pain and fever. Because
the clinical features were unclear, CT was performed initially.
Postcontrast CT in the axial (a) and coronal (b) planes shows
a hypoattenuating rim surrounding the gallbladder. The initial

report concluded there was peritoneal perivesicular
accumulation of fluid. US performed immediately thereafter
(c¢) showed that this was part of a markedly enlarged
gallbladder wall
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Fig. 4 Ischemic cholecystitis after chemoembolization. A 55-
year-old man underwent chemoembolization for palliative
treatment of hepatocellular carcinoma. Three days after
chemoembolization, the patient complained of severe pain in
the right upper quadrant. a On CT performed 1 month before,

and acalculous cholecystitis. Stones can be com-
pletely overlooked because their attenuation can be
similar to that of bile. In some cases, narrowing the
window allows visualization of slightly hyperattenu-
ating stones within the gallbladder (Fig. 1). Finally,
the clinical background helps in differentiating cal-
culous and acalculous cholecystitis when the context
is, for instance, that of an ischemic cholecystitis
related to chemoembolization (Fig. 4), severe asso-
ciated disease or trauma, or the complication of bile
duct stenting.

Some CT criteria have been gathered to facilitate
the diagnosis and are reported in Table 1.

Complications of cholecystitis are as follows:
e Emphysematous cholecystitis is an exceptional

occurrence characterized by the presence of gas

"sg.l;

the gallbladder was unremarkable. b CT on the third day after
chemoembolization. Plain image showing the presence of
Lipiodol within the gallbladder wall. c—d After injection, the
gallbladder wall is thickened and appears layered on the axial
(¢), and coronal (d) images

within the gallbladder wall or even within the
cavity (Wu et al. 2010b). The presence of air is
related to necrosis and/or development of anaerobic
bacteria. Obviously, if the air is within the lumen, it
should not be confused with a common aerobilia,
following surgery, endoscopic sphincterotomy, or
sometimes spontaneous fistulization within the
bowel. The presence of some air within the gall-
bladder wall is one of the signs for acute chole-
cystitis, although it is rarely encountered.

e Perforation of the gallbladder within the perito-
neum is a rare but life-threatening event. A very
small amount of peritoneal fluid is usually associ-
ated with inflammation and is not pejorative. If the
quantity of fluid increases, and moreover if the
clinical presentation is more a peritonitis than a
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Fig. 5 Acalculous acute cholecystitis. An 82-year-old man
with pulmonary embolism in an intensive care unit. On the
basis of abdominal pain and an elevated white cell blood count,
acalculous cholecystitis was suspected. The diagnosis was
made by CT after inconclusive US findings. Antibiotics were
given, but there was deterioration on the second day. CT
showed increased peritoneal effusion, and the patient was
successfully treated with percutaneous cholecystostomy a US
findings were inconclusive, showing a moderate thickening of

the wall as well as gallbladder distension. It was unclear if
there was a Murphy sign. b—d CT performed the same day
shows perfusion abnormalities in the liver next to the
gallbladder bed (b), thickened gallbladder wall as well as
sloughing (c), and hyperattenuation of the surrounding fat.
e CT on the second day shows peritoneal effusion. f A
percutaneous cholecystostomy was performed under bedside
US guidance. The recovery was uneventful
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Table 1 Criteria for the diagnosis of acute cholecystitis on computed tomography. Either two major criteria or one major criterion
and two minor criteria satisfy the CT diagnosis of acute cholecystitis. (Adapted from Barie and Eachempati 2010)

Major criteria
Gallbladder wall thickening more than 3 mm

Subserosal halo sign (intramural lucency caused by edema)

Pericholecystic infiltration of fat

Pericholecystic fluid (without either ascites or
hypoalbuminemia)

Mucosal sloughing

Intramural gas

Minor criteria

Gallbladder distention (more than 5 cm in transverse
diameter)

High-attenuation bile (sludge)

Fig. 6 Perforated cholecystitis in a patient with portal caver-
noma. A 30-year-old patient with a history of portal cavernoma.
US findings were inconclusive owing to the presence of portal
collaterals. Postcontrast CT in the axial (a), coronal (b), and
sagittal (c¢) planes shows abnormalities of the gallbladder wall,
and a localized defect in the gallbladder wall. Magnetic

localized pain, perforation of the gallbladder and
peritoneal bile leakage should be suspected. Subtle
perforation of the gallbladder wall can sometimes
be suspected before leakage (Fig. 6).

resonance imaging (MRI) confirms the irregularities of the
gallbladder wall in the fundus on T2-weighted axial images
(d) and on magnetic resonance cholangiopancreatography
(e) and fluid—fluid level on a T2-weighted half-Fourier acqui-
sition single shot turbo spin echo sequence (f)

e Gangrenous cholecystitis is related to necrosis of the
wall. Consequently, the gallbladder wall thickening
might be absent, and, by virtue of necrosis, there is
no enhancement after injection of contrast medium
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Fig. 7 Acute gangrenous cholecystitis. Am 85-year-old
patient with fever and pain in the right flank. On surgery,
gangrenous cholecystitis with minimal localized perforations
was seen. a US shows a distended gallbladder with stones and
thickening of the gallbladder wall. Gallstones are not

(Fig. 7). However, the wall is usually irregular,
some places showing thickening and enhancements,
others being thin and without enhancement. Gan-
grenous cholecystitis is usually associated with
severe clinical symptoms, prompting rapid surgery.
It occurs in up to 7.1% of cases of cholecystitis
(Tokunaga et al. 1997). There are some discrimi-
nating CT signs for gangrenous cholecystitis. One is
the presence of perfusion defects in the gallbladder
wall, either localized or generalized. The appearance
could be that of a poorly enhanced gallbladder wall
(Wu et al. 2010a). In a series of 25 patients, the
presence of a perfusion defect was 100% predictive
of gangrenous cholecystitis, whereas conversely,
30% of gangrenous cholecystitis did not come with
such defects.

e The most common complication of cholecystitis is
liver abscess formation (Fig. 8). Abscesses usually
develop in segments IV or V of the liver and are
related to direct fistulization through a perforation of
the superior aspects of the gallbladder wall. The role
of CT in the depiction of liver abscesses is extremely
important because US may fail to detect these com-
plications, at least when they are small. However,

identified, b Plain CT shows the gallbladder with hyperatten-
uation surrounding fat. c—e Post contrast CT in the axial (c),
coronal (d), and sagittal (e) planes show that there is virtually
no enhancement of the gallbladder wall

this is a critical issue for treatment planning. It pre-
cludes the possibility for simple laparoscopic surgery
and alternatively may require initial percutaneous
drainage or even open surgery. The detection of liver
abscesses requires careful multiplanar examination.
The abscess is best depicted on portal phase imaging.
Enhanced wall of the abscess is very common. It is
sometimes associated with nonspecific regional liver
enhancement; however, this hyperemia can be seen
even in the absence of any liver abscess (Fig. 1).
Conversely, gallbladder cancer can mimic chole-
cystitis with liver abscess (Fig. 9). The appearance
can be extremely confusing because a gallbladder
stone can be associated and there could be hyper-
vascularization of the adjacent liver parenchyma as
well (Fig. 10).

e Generally speaking, CT is slightly superior to US

for the exact depiction of the disease, not only the
presence or absence of abscesses, and also to
appreciate the amount of inflammation. As some of
these patients are fragile because of age or
comorbidities, there are alternatives to classic sur-
gery, such as percutaneous drainage of the gall-
bladder, which can often facilitate delayed surgery,
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Fig. 8 A 72-year-old man with cancer of the pancreas treated
with chemotherapy and metallic stenting of the common bile
duct, experiencing fever and tenderness of the right upper
quadrant. Postcontrast CT shows the pancreatic tumor and the
stent, and a gallbladder with thickened wall and mucosal

or even partial resection of the gallbladder, trying
to avoid difficult dissections near the cystic duct
and the common bile duct, in order to avoid severe
complications such as intraoperative injury of the

sloughing in the axial (a) and coronal (b) planes. In the adjacent
liver, there is a hypoattenuating mass with enhanced contours
(¢). Communication between this liver abscess and the inflamed
gallbladder is better visualized in the sagittal plane (d)

common bile duct or of the right hepatic duct. Even
if US findings are positive, in these fragile patients
it might be wise to perform CT to provide a more
precise topographical evaluation of the disease. CT
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Fig. 9 Gallbladder cancer mimicking cholecystitis. A 64-
year-old patient is treated for lymphoma of the neck. He
presented with mild fever and increasing pain of the right upper
quadrant. US shows enlargement of the gallbladder wall
without the Murphy sign. CT and MRI could not differentiate
between chronic cholecystitis and cancer. Fine-needle aspira-
tion was performed and confirmed malignancy. The tumor was

can also be a useful tool for close follow-up of
fragile patients when the risk of surgery seems high
and there is discussion whether an interventional or
a surgical is best (Fig. 7).

3.2 Mirizzi Syndrome

Mirizzi syndrome is a rare and challenging situation. A
stone is impacted in the cystic duct. This stone
mechanically erodes the duct wall, and produces an
inflammatory mass. Because the cystic duct is in very
close relationship with the hepatic duct, this mass at
least compresses the common bile duct, at the level of
the hepatic duct, or even creates a complex fistula.
Depending on the severity, Mirizzi syndrome can be
classified as stage [ if there is only a compression of the
common bile duct and stages II-V according to the
presence of fistulas of the common bile duct and
the duodenum, with or without stone ileus (Solis-Caxaj
2009). This classification may not be universally
accepted, but it translates the fact that surgical

surgically removed. CT shows enlargement of the gallbladder
wall on axial (a) and coronal (b) planes. ¢ In the segments IV
and V of the liver, there is a hypoattenuating area. MRI was
performed. Gd-enhanced T1-weighted images in the portal
phase (d) confirmed gallbladder wall thickening and a hypo-
intense area in adjacent liver, whereas the diffusion-weighted
image (e) showed diffuse restriction of the area

procedures can widely differ from one stage to another.
The role of imaging is to delineate the existence or at
least the risk of fistulas.

Usually, the main clinical finding is jaundice,
owing to the obstruction of the hepatic duct. Surgery
can be very difficult because there is at least inflam-
mation of the hepatic duct, if not fistulas and some
destruction of the common bile duct wall. Resection
of the stone and the gallbladder is not easy.

Mirizzi syndrome should be suspected when a
patient presents with bile duct dilatation at the level of
the common hepatic duct and above, with a stone
located in the area of the obstruction (Fig. 11).
Because the stone is surrounded by inflammation, the
appearance might be challenging. Sometimes irregu-
lar enhancement is seen, mimicking a tumor.
The gallbladder stone is sometimes only faintly cal-
cified, only at the periphery, and the calcified ring
might be incomplete. For this reason, Mirizzi syn-
drome is frequently overlooked as a tumor, unless the
specific location is identified, leading to consideration
of this possibility.
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Fig. 10 Gallbladder cancer mimicking perforated cholecysti-
tis. A 66-year-old patient with abdominal pain and fever. CT
and MRI favor the hypothesis of a calculous cholecystitis with
intrahepatic abscess formation related to gallbladder wall
perforation. Surgery demonstrated that it was in fact a large
bulky gallbladder carcinoma, associated with inflammatory
changes. Contrast-enhanced CT shows a gallbladder with an

irregular wall (a) and a hypoattenuating mass within segments
IV and V of the liver (b) associated with liver perfusion
changes of inflammatory type. There is an obvious communi-
cation with the gallbladder on the sagittal plane (¢) MRI (T1-
weighted Gd-enhanced) confirms the presence of a large
gallstone, not apparent on CT (d), and the adjacent mass within
the liver (e)
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Fig. 11 Mirizzi syndrome. A 72-year-old man with progres-
sive jaundice. US shows dilatation of intrahepatic bile ducts,
but not of the lower common bile duct. The gallbladder area is
difficult to analyze. Plain CT (a, b) and MRI (¢, d) were
performed. On plain CT, intrahepatic dilation of the bile duct is
seen (a). On a lower slice (b), a stone is detected, appearing as
hypoattenuating in the center and slightly hyerattenuating at the
periphery. In the gallbladder fossa, the stone is seen in the
gallbladder neck area, and the gallbladder seems to be

The diagnosis benefits greatly from the comple-
mentary of CT and magnetic resonance cholangiopan-
creatography (MRCP). In a study of 52 patients, the
overall sensitivity, specificity, positive predictive value,
negative predictive value, and accuracy of the combi-
nation of MRCP and CT were 96.0, 93.5, 83.5, 98.5, and
94.0%, respectively. Corresponding values for CT were
42.0, 98.5, 93.0, 83.5, and 85.0%, respectively (Yun
et al. 2009).

From a treatment point of view, surgery is manda-
tory. The stone and the gallbladder should be removed,

collapsed. On the magnetic resonance cholangiogram (c),
intrahepatic dilatation is confirmed and the lower common bile
duct is normal. On contrast-enhanced images in the axial plane
(d), the stone is clearly visible and the gallbladder seems
atrophic. On surgery, Mirizzi syndrome was confirmed. The
hepatic duct was inflammatory and there were two small
fistulas between the cystic duct and the hepatic duct. Chole-
cystectomy and drainage of the common bile duct were
performed and the postoperative period was uneventful

but the inflammatory mass is usually not resected.
Cautious intubation of the hepatic duct and postoper-
ative drainage, sometimes prolonged, allows progres-
sive healing and hopefully a satisfactory recovery of
the bile duct continuity (Hubert et al. 2010).

3.3 Phlegmonous Cholecystitis

“Phlegmonous cholecystitis” means that inflammatory
processes related to acute cholecystitis resolve in part,
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Fig. 12 Phlegmonous cholecystitis in a patient with a bilairy
stent. A 58-year-old patient had biliary stenting as a palliative
treatment of unresectable pancreatic adenocarcinoma. He
presented with mild fever, and permanent pain of the right
upper quadrant. a CT 2 months before showed no abnormalities
of the gallbladder. b CT upon admission showed enhanced wall
of the gallbladder after contrast medium injection. ¢ On a lower
level, CT shows a heterogeneous mass surrounding the

most commonly because cholecystitis has initially been
overlooked, and because a treatment had been admin-
istered, including antibiotics. From an acute disease, it
evolves into a subacute disease. The inflammatory
process tends to self-limit, and produces an inflamma-
tory mass near the gallbladder fossa. This mass is a
combination of the inflammatory gallbladder itself,
inflamed perivesicular fat, and also adhesion of small
bowel caused by regional inflammation (Fig. 12).
From a clinical point of view, the patient has sub-
acute pain, fatigue, tenderness of the right upper
quadrant without a Murphy sign. The patient may have
moderate hyperthermia. Weight loss can be observed.
Biologically, inflammation is constant, but the white
cell counts are not always increased. From this clinical
and biological description, one can imagine that a
gallbladder tumor is suspected as the first hypothesis.
On US, it is a challenging situation because the
palpated mass is poorly limited and the gallbladder
may not be recognizable. CT has a clear advantage in

gallbladder and extending to the transverse colon. There is a
discontinuity of the gallbladder wall. d The coronal plane
image shows that the perforation of the gallbladder extends
toward the transverse colon, which is included within the
inflammatory mass. e The sagittal plane image confirms the
extension of this mass and shows also small perforation of
the upper aspect of the gallbladder

this case, but one might nevertheless hesitate in
deciding between the two hypotheses of subacute
inflammation and gallbladder cancer.

There are several features that help one differen-
tiate the two diseases. In the case of cancer, the
gallbladder wall thickening is usually irregular and
poorly limited. In subacute cholecystitis, enhanced
images commonly show a layered pattern of the
gallbladder wall, mainly due to the presence of peri-
vesicular fat which is inflamed, but remains never-
theless hypodense and may in that case produce a
halo. This halo is clearly absent in the case of a tumor.

In the case of subacute cholecystitis, it is excep-
tional to observe discrete collected abscesses. In that
case, seeing round hypoattenuating lesions within
segments IV or V of the liver would clearly be more
indicative of a tumor. Finally, gallbladder tumors
have a tendency to invade the infundibulum and the
common bile duct, whereas subacute cholecystitis
does not produce common bile duct obstruction, with
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the exception of Mirizzi syndrome, which is a clini-
cally different situation.

However, none of these features are absolutely
specific. There are some difficult cases in which a
percutaneous biopsy might be recommended.

Although the positive findings are helpful in most
cases, there are still situations in which it is appro-
priate to combine the advantages and complemen-
tarities of US and CT. However, one last advantage
of CT is its very high specificity. If the CT findings
are normal, the hypothesis of a cholecystitis might
reasonably not be considered.

34 Gallbladder Haemorrhage

This is a very exceptional situation. Haemorrhage in
the gallbladder is a rare cause of abdominal pain
encountered in the setting of trauma, malignancy, and
bleeding diathesis, such as renal failure, cirrhosis, and
anticoagulation (Parekh and Corvera 2010). It hap-
pens also when chronic or acute lesions of the gall-
bladder erode a branch of the cystic artery. In most
cases, the hemorrhage is only seen as melena. Only
when it is extremely abundant does it develop into
hematemesis. However, the hemorrhage does not
always communicate with the gallbladder lumen. In
this case, the consequence is either a hemoperitoneum
or a localized hematoma. When such a complication
is suspected, it is better to plan an acquisition in the
arterial phase; however, this situation is extremely
rare and not necessarily suspected clinically if there is
no exteriorized digestive bleeding. Nevertheless, in
most cases, extravasation of contrast medium is still
visible in the portal phase and even sometimes more
clearly. Identification of the bleeding is important
because it can be life-threatening, and might be
treated with transarterial embolization rather than
surgery, which is difficult in such a situation.

4 Intrahepatic and Extrahepatic Bile
Duct Diseases

Emergencies related to intrahepatic and extrahepatic
bile duct lesions are mainly related to cholangitis and
its consequences. This is a life-threatening condition,

because infection in the bile ducts may lead to liver
abscesses and moreover septicemia.

4.1 Cholangitis

Cholangitis is a condition with acute inflammation
and infection in the bile duct. Acute obstructive
cholangitis is defined by the association of lethargy,
mental confusion and shock, fever jaundice, and
abdominal pain (Reynolds and Dargan 1959). This
so-called Reynolds pentad is indicative of a very
severe condition requiring emergency biliary
decompression, which is the only way to treat the
disease. The prognosis is rather poor because the
mortality ranges from 10 to 30% (Kimura et al.
2007). There are no direct signs of cholangitis on
imaging. Cholangitis is a clinical diagnosis and
imaging helps to define the cause of the biliary
disease and to evaluate the consequences. Cholan-
gitis is potentially a life-threatening condition and is
a true emergency (Lee 2009). The two commonest
causes are obstructive and iatrogenic.

Obstruction of the bile duct induces stasis and
favors the development of infection. However, this
very seldom happens in the case of progressive
obstruction, mainly represented by tumors, whether
biliary or pancreatic. Usually, cholangitis is asso-
ciated with bile duct stones. The reason is not
completely clear. However, one can imagine that
stones are foreign bodies that produce inflammation
of the mucosa and that this may favor the devel-
opment of infection. Another possibility is that
common bile duct stones are commonly multiple.
Some small stones are able to go through the
papilla and are eliminated. However, during this
process, the papilla might experience a transient
dysfunction, allowing retrograde communication of
duodenal lumen and bile ducts, and consequently
bacterial contamination of the bile. latrogeny is
probably the commonest cause of cholangitis. Pre-
vious biliary surgery such as choledocoduodenal or
hepaticojejunal anastomosis, endoscopic sphincter-
otomy, and percutaneous or endoscopic biliary
stenting and drainage are the commonest situations.
Rarely, contamination is related to direct cholan-
giography, especially after endoscopic retrograde
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Fig. 13 Choledocolithiasis.
A 66-year-old man with
Reynolds pentad. US was
initially performed and
detected mild bile duct
dilatation but the lower part of
the common bile duct could
not be examined. CT was
performed and identified a
common bile duct stone. As
this stone is rather large and
calcified, it is seen on plain
images, in the axial (a) and
sagittal (b) planes. The
coronal image (c) is from the
image set acquired after
injection of contrast medium.
In this case, because of stone
characteristics, injection did
not impair stone visualization

cholangiopancreatography (ERCP). However, this
method is likely to induce cholangitis only if there
is an associated biliary disease such as tumor
obstruction or sclerosing cholangitis. For this rea-
son, and because of the development of noninvasive
imaging with CT and moreover MRCP, ERCP is
only seldom performed for diagnostic purposes.
There are exceptional circumstances of cholangitis
not related to stones or to previous intervention.
Single cases of direct perforation by a duodenal
ulcer have been reported.

4.2 Significance of Pneumobilia

CT is able to identify the signs of previous surgery,
either because of the findings related to the presence
of an anastomotic jejunal loop or because of aerobilia.
However, the presence of air in the bile ducts greatly
differs according to the type of previous surgery and

between individuals. The presence of air is not a
complete guarantee that the anastomosis is patent, and
absence of air in the bile ducts does not mean that the
anastomosis is abnormal. Air is only an ancillary sign
drawing the attention to potential previous interven-
tion on the bile ducts.

4.3 Common Bile Duct Stones

Detection of common bile duct stones is a common
problem with imaging. US is widely used for
detection. However, the reported sensitivity is dis-
appointing because of technical difficulties to access
the lower bile duct area in some patients, and also
related to the small size of the stone, which might be
undetectable. Although the sensitivity has been
improved recently, with a highest reported score of
86% (Ripolles et al. 2009), it should be kept in mind
that the stone is easier to identify by US if the bile
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<« Fig. 14 Small stone of the common bile duct. An 82-year-old
man with recent episodes of right upper quadrant pain and mild
fever. US shows a gallstone but no sign of cholecystitis. The
common bile duct was not dilated. Plain CT shows a small
stone in the lower common bile duct, seen because of its mild
hyperattenuation on the axial plane image (a). Coronal
multiplanar reconstruction shows the stone and the common
bile duct, which is not enlarged (b). CT shows a gallbladder
stone as well (¢)

ducts are dilated and if the stone is larger than
4 mm. Conversely, MRCP and endoscopic US
(EUS) have the highest scores for sensitivity and
specificity. Consequently, US can be an easy initial
examination because it is best suited to detect bile
duct dilatation and to localize the level of obstruc-
tion. EUS has a sensitivity of nearly 100%, but
conversely a specificity of 95%, owing to some
ambiguous findings that may be confused with very
small stones (Lee et al. 2010). In the study of
Lee et al. (2010), comparing US, CT, and EUS, the
sensitivity of US and CT was only 26%, whereas the
specificity was 93% and the negative predictive
value was 70%. CT sensitivity has been reported at
very different levels. Since the initial enthusiasm
(Neitlich et al. 1997) and a score as high as 88%,
based on the identification, on plain CT, of hyper-
dense stone, other reports have shown that the sen-
sitivity is likely to be much lower, especially when
comparing CT and MRCP (Soto et al. 2000). Soto
et al. (2000) reported a sensitivity was 65% for
unenhanced helical CT and 96% for magnetic reso-
nance cholangiography. The specificity was 84% for
unenhanced helical CT and 100% for magnetic res-
onance cholangiography. Differences in sensitivity
were significant, but they were not significant for
specificity.

In summary, it appears that CT might clearly
overlook common bile duct stones, especially when
contrast-enhanced studies are performed only,
because the hyperattenuation is lacking or is minimal
(Figs. 12, 13, 14). Therefore, it is highly recom-
mended to perform plain imaging when one of the
goals of the examination is to detect potential com-
mon bile duct stones. If stone detection is the only
question for the examination, it is advisable to pro-
pose a substitution by MRI if this is available because
of its much higher sensitivity.

Recently, the performance of CT for the identifica-
tion of biliary stones as the cause of acute pancreatitis




112

Y. Menu et al.

Fig. 15 A 43-years-old woman who underwent laparoscopic
cholecystectomy. A few weeks later, she presented with mild
jaundice, complicated with fever and right upper quadrant pain.
The patient had a surgical injury of the common bile duct
during cholecystectomy. CT with minimum-intensity projec-
tion reconstruction in the coronal plane (a) showed dilatation of
intrahepatic ducts and the hepatic duct, whereas the lower
common bile duct was normal. Axial enhanced CT (b) shows a
heterogeneous mass in the posterior sector of the right lobe of
the liver, consistent with abscess formation. After antibiotic
therapy, the patient had surgery for biliary-enteric anastomosis

was reported and the role of CT was enhanced, but
rather as a provider of several signs, including peri-
cholecystic increased attenuation of the liver paren-
chyma, gallbladder wall enhancement and thickening,
pericholecystic fat stranding, and stones in the gall-
bladder and common bile duct (Yie et al. 2010). In this
series, the stone in the common bile duct was identified
in 50% of cases.

4.4 Liver Biliary Abscesses

Biliary infection is one of the major causes of liver

abscesses. Identification of abscesses is usually easy,

as they are usually multiple and associated with an
obvious biliary disease (Cerwenka 2010) such as

surgical injuries related to cholecystectomy (Fig. 15).

However, there might be some difficulties in the

identification of the abscesses.

e In the case of small abscesses, it might be difficult
to differentiate peripheral dilated bile ducts and
small abscesses. Usually, this is solved using mul-
tiplanar reconstruction, showing that the abscesses
are not tubular in shape in any direction.

e When a malignant tumor is the cause of bile duct
obstruction and infection, it is very challenging,
though extremely important, to differentiate
abscesses and metastases. CT is usually limited for
this purpose as it displays only a focal hypoatten-
uating image with some peripheral vascularization,
which is in accordance with either possibility.
Moreover, central necrosis of a metastatic tumor
and liquefaction of the abscess are exactly the
same. In this case, MRI might be very helpful given
the clinical importance of such a diagnosis. Nev-
ertheless it should be kept in mind that patients
with malignant obstruction of the bile duct seldom
have cholangitis, unless previous direct access to
the bile ducts has been performed.

CT in an easy tool for guidance when drainage is
planned. However, the initial step is usually to treat the
biliary obstruction, because resolution of bile outflow
interruption might be sufficient to improve the situa-
tion, in combination with antibiotics. Drainage of
biliary abscesses is necessary only when they are large
or when they persist after correct biliary drainage.
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4.5 Ischemic Cholangitis

Ischemic-type biliary lesions are of increasing
importance. Virtually all cases are related to previous
intervention. This disease accounts for a major part
of patients’ morbidity and mortality after orthotopic
liver transplantation. The exact origin of this type of
biliary complication remains unknown (Heidenhain
et al. 2010). These lesions can also be secondary to
pancreatic surgery when there is an impairment of the
liver arteries. Ischemic cholangitis can also be sec-
ondary to endoscopic retrograde maneuvers, to
chemoembolization, or to arterial infusion chemo-
therapy (Shrikhande et al. 2002).

In some cases, ischemia is localized and its con-
sequence is the development of a bile duct stenosis.
In other cases, ischemia is dramatic and a diffuse
destruction of the bile ducts is observed. There is no
specific direct sign for ischemic cholangitis.
However, the diagnosis is rather clear given the
clinical background. In severe cases, extensive
destruction of the bile ducts is observed, with the
formation of intrahepatic irregular bile lakes. These
bilomas are commonly contaminated and this may
lead to dramatic infections and risk of liver failure,
septicemia, and death.

5 Conclusion

Biliary emergencies are common, mainly represented
by cholecystitis and cholangitis. CT is one of the
available tools. However, in many cases, US should
be performed first. CT has the advantages, in clini-
cally equivocal cases, of being able to perform a
more exhaustive survey of potential diseases in
several areas. The technique should be appropriate,
with the permanent necessity to an produce exami-
nation with the quality adapted to the clinical
questions and with a radiation dose which is as low
as possible. The role of MRI is also increasing. The
radiologist should therefore be regarded as the per-
son who will decide which is the best examination
or the most logical combination in order to achieve
emergency diagnosis and optimal preparation and
staging for the treatment.
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