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Abstract

Purpose of Review Over the past several decades, the
number of hepatobiliary surgeries performed has increased,
with laparoscopic cholecystectomy now the most fre-
quently performed abdominal surgery in the United States.
Due to the increase in surgeries performed, medicolegal
concerns, and the availability of different types of imaging,
radiologists are increasingly requested to evaluate for
complications following hepatobiliary surgery.

Findings Early radiologic identification and
assessment of the extent of biliary injuries allows prompt
diagnosis and management of postoperative biliary com-
plications. A wide variety of imaging modalities can be
utilized, including computed tomography, nuclear medi-
cine, and magnetic resonance imaging.

Summary This article provides a review of the broad
spectrum of biliary injuries following hepatobiliary sur-
gery, with an emphasis on postcholecystectomy imaging
findings.
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Introduction

The number of cholecystectomies performed has drasti-
cally increased with the introduction of laparoscopic
technique. It is estimated that over 750,000 cholecystec-
tomies are performed each year [1°, 2] and the majority are
performed laparoscopically. Laparoscopic technique is
associated with less postoperative pain, better cosmetic
results, and earlier return to normal activities. The advan-
tage of a laparoscopic technique has been demonstrated for
both symptomatic cholelithiasis and acute cholecystitis,
with reduction of postoperative morbidity, mortality, and
hospital stay using a laparoscopic technique [3].

Despite these advantages, laparoscopic cholecystectomy
is not without risks and can be associated with morbidity as
well as occasional mortality. In particular, multiple studies
have demonstrated an increased risk of biliary injury fol-
lowing laparoscopic cholecystectomy compared to open
cholecystectomy, with bile duct injury rates after elective
laparoscopic cholecystectomy ranging from 0.3% to 0.5%,
compared to 0.1 to 0.2% after open cholecystectomy [4-6¢,
7-9]. While more recent series demonstrate lower rates of
biliary injury, as low as 0.2% [10], another study following
patients after single-incision laparoscopic cholecystectomy
noted an injury rate of 0.7% [11]. In addition to morbidity
and mortality, biliary complications have been noted to be
a common cause of medicolegal claims and the most likely
to be associated with a successful claim [12].

In addition to cholecystectomy, biliary injuries can be
seen after a number of other surgeries or procedures,
including liver biopsy, hepatic resection, liver transplan-
tation, percutaneous cholecystostomy, transcatheter arterial
embolization, gastric bypass, and pancreatic resection. In
the setting of hepatic transplants, biliary injuries are a
dreaded complication associated with significant morbidity
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and mortality. Biliary injury occurs in 10-34% of graft
recipients and is the second leading cause of graft dys-
function after rejection [13, 14]. Radiologists play a critical
role in the early diagnosis of biliary injury, allowing for
prompt management to prevent graft failure.

In order to reduce morbidity and mortality, as well as
minimize litigation, early recognition of bile duct injury is
critical. As clinical symptoms of biliary injuries are often
nonspecific, radiologists will increasingly encounter
imaging studies performed to evaluate for postoperative
complications. An understanding of expected postsurgical
appearance and imaging findings of biliary complications
across a wide array of modalities is critical. Imaging
options are numerous, including ultrasound (US), com-
puted tomography (CT), magnetic resonance cholan-
giopancreatography (MRCP), hepatobiliary scintigraphy,
fluoroscopy with contrast injected through an existing
drainage catheter, and percutaneous transhepatic cholan-
giography (PTC).

Complications of biliary surgery can be divided into
early and late complications. Early complications of
cholecystectomy generally present within one month and
include biliary leak and obstruction. Late complications
include papillary stenosis, choledocholithiasis, biliary
stricture, remnant gallbladder, and dropped gallstones.
Prompt recognition of these injuries and complications
allows for assessment of injury extent, procedural planning,
and decreased morbidity and mortality.

Expected Postsurgical Appearance

Within the first several postoperative days after cholecys-
tectomy, residual intra-abdominal air can be expected,
especially after open surgery. If the patient’s surgery was
limited to laparoscopy, the amount of intraperitoneal air
should be minimal as insufflated carbon dioxide is rapidly
absorbed. Surgical drains are uncommon after laparoscopic
cholecystectomy but can be seen after open technique.
Metallic clips in the gallbladder fossa should be easily
identified after cholecystectomy. A variable length of
cystic duct is left in place following cholecystectomy,
usually 1-2 cm but occasionally up to 6 cm [15].

The normal postoperative hepatic transplant appearance
varies depending on the type of anastomosis performed.
Choledochocholedochostomy  (end-to-end  anastomosis
between donor and recipient ducts), hepaticocholedochos-
tomy, or a biliary-enteric anastomosis such as choledo-
chojejunostomy all may be performed during a transplant,
depending on the donor and recipient anatomy. A duct-to-
duct anastomosis is often the preferred surgical technique
as it is technically less challenging compared to a biliary-
enteric anastomosis. This technique also preserves
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sphincter of Oddi function, thereby reducing risk of biliary
infections. Biliary-enteric anastomoses are usually reserved
for cases when the recipient ducts are abnormal, such as
patients with primary sclerosing cholangitis. A knowledge
of the utilized anastomotic technique is important to
ascertain if the imaging appearance is expected or
abnormal.

A biliary tube (straight tube or T tube) placed across the
anastomosis may be left in place following hepatic trans-
plant for up to 6 months. A size discrepancy between the
donor bile duct and the recipient bile duct in a transplant
patient may be seen, usually with the recipient bile duct
being larger in caliber than the donor’s duct. There should
be gradual tapering of the bile duct lumen at the anasto-
mosis rather than abrupt caliber change which aids in
distinguishing between a normal postoperative appearance
and a biliary stricture.

Biliary-enteric anastomoses such as choledochoje-
junostomy or Roux-en-Y anastomosis may also be utilized
for other surgical procedures, including a Whipple proce-
dure, repair of biliary injury, hepatectomy, or hepatic
transplant. This type of anastomosis is performed between
a normal bile duct segment and a portion of the gastroin-
testinal tract, often a Roux-en-Y loop of jejunum.

After any biliary surgery, a small amount of fluid is
often seen in the surgical bed, usually with mixed air and
fluid content. These collections may contain blood,
resulting in an increased attenuation collection on CT.
Hemostatic agents such as Surgicel™ (oxidized regener-
ated cellulose) can be used intraoperatively to control
hemorrhage and may mimic the appearance of hematoma,
abscess, or tumor [16]. These agents most commonly
appear as complex collections with intermixed gaseous foci
and an attenuation of 40-50 HU on CT [17] (Fig. 1). The
radiologist must recognize the imaging appearance of
hemostatic agents to avoid unnecessary surgery or
treatment.

Early Complications of Biliary Surgery
Biliary Leaks and Bilomas

Bile duct leak is one of the most serious biliary compli-
cations that may occur after open and laparoscopic chole-
cystectomy, hepatic resection, transplantation, or liver
biopsy. Following cholecystectomy, biliary leak most
commonly occurs from the cystic duct stump when clips
become dislodged or do not entirely occlude the duct. Less
commonly, bile leaks can arise from the accessory ducts of
Luschka, common bile duct, common hepatic duct, or liver
bed. Several factors predispose to bile leaks, including
variant biliary anatomy, chronic cholecystitis, common bile
duct stone, and dysfunction of the sphincter of Oddi [18].
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Fig. 1 Surgical packing material mimicking postoperative abscess.
Axial CECT demonstrates an air- and fluid-containing collection
adjacent to cholecystectomy clips (white arrow). Review of surgical
records indicates the placement of surgical packing material due to
difficult hemostasis

Symptoms of biliary leak are nonspecific and often
overlap with expected postsurgical symptoms, making the
diagnosis difficult. Patients commonly present within a
week following surgery, though others may not experience
symptoms for 30 days. Persistent abdominal pain, gener-
alized malaise, and anorexia are the most common pre-
senting symptoms. Laboratory findings may include
elevated liver enzymes, bilirubin, or leukocytosis. Unrec-
ognized bile leaks can result in development of biliary
peritonitis, intra-abdominal abscess, or cholangitis, with
the patient presenting with more acute symptoms [19].

Iatrogenic bile duct injuries are often classified using the
Bismuth or Strasberg classification. The Bismuth classifi-
cation was developed in the 1980s prior to the advent of
laparoscopy, with types I-IV designating injuries at pro-
gressively higher levels in the biliary tree [20]. The
Strasberg classification [5] is more comprehensive,
including a broader spectrum of extrahepatic bile duct
injuries (Table 1). A Strasberg type A injury is the most
common biliary injury following cholecystectomy, with
bile leakage from the cystic duct or bile ducts of Luschka.
These classification systems are useful for surgical plan-
ning, as the length of intact duct distal to the biliary con-
fluence determines whether a choledochojejunostomy or
hepaticojejunostomy is preferred. Therefore, it is important
for the interpreting radiologist to have some familiarity
with these classifications when communicating with the
ordering physician.

Patients with suspected biliary leak often undergo CT or
ultrasound as part of their initial diagnostic work-up. CT
studies should be performed with intravenous contrast if
possible. A bile leak can either be free flowing within the
peritoneum or localized within a collection called a biloma.

Bilomas tend to occur when the bile leak rate of flow is
low. The most common location for bile accumulation is
the subhepatic region, though the right paracolic gutter and
suprahepatic regions are also common. More unusual
locations can also be seen, with fluid accumulating in the
greater and lesser sac, pouch of Douglas, or left paracolic
gutter. Unfortunately, bile-containing collections cannot be
accurately distinguished from other postoperative collec-
tions, including blood, pus, or serous fluid. While CT
provides higher spatial resolution and better demonstrates
the location of the fluid collections compared to US, nei-
ther can establish the precise location of the leak nor
determine whether there is an active leak.

Hepatobiliary scintigraphy, also known as hepatobiliary
iminodiacetic acid (HIDA) scan, is an effective noninva-
sive imaging tool for evaluating complications of biliary
surgeries, providing functional information with accurate
demonstration of the leak. In the past, the primary limita-
tion of scintigraphic imaging was inherently poor spatial
resolution of planar imaging. This can largely be overcome
by the use of SPECT/CT, allowing accurate localization of
radiotracer accumulation. The addition of SPECT/CT has
been found to provide additional information from planar
images alone in 76% of cases [21]. A study by Sharma
et al. [22] demonstrated significantly improved diagnostic
accuracy for SPECT/CT versus planar HIDA at 96.8%
versus 65.6% with no false-positive results when using
SPECT/CT. If SPECT/CT cannot be performed, other
anatomic imaging modalities such as CT, MR, ultrasound,
or ERCP can be used in conjunction with HIDA imaging.

HIDA imaging is performed after intravenous adminis-
tration of a Tc99m-labeled hepatobiliary agent (mebrofenin
or disofenin). Sequential planar images are acquired
demonstrating homogenous uptake within the liver after
several minutes followed by visualization of the common
hepatic duct, common bile duct, duodenum, and jejunum
[23ee]. A review of dynamic images is often helpful to
confirm this appropriate pattern of filling. When radiotracer
is seen outside of these locations, a bile leak is confirmed
(Fig. 2). It is also necessary to understand the patient’s
biliary anatomy including history of any prior biliary-en-
teric anastomoses.

Another noninvasive imaging modality for detection of
biliary leak is contrast-enhanced MR cholangiopancre-
atography (MRCP) using a hepatobiliary contrast agent,
most commonly gadoxetate disodium  (Eovist™).
Approximately 50% of this hepatocyte specific contrast
agent dose is taken up by functional hepatocytes and
excreted into the biliary system, allowing morphologic and
functional assessment of the biliary system [24e, 25]. MR
cholangiography accurately localizes the anatomic site of
bile leakage as well as the type of bile duct injury. Bile leak
can be seen with hepatobiliary contrast excretion from the
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Table 1 Bismuth and Strasberg classifications of bile duct injuries (from Ref. [5])

Bile duct injury Bismuth Strasberg
Leak from cystic duct or liver bed - A

Partial occlusion of biliary tree, usually aberrant RHD - B

Leak from aberrant RHD - C
Lateral injury, without loss of continuity - D

CHD transection or stricture, stump > 2 cm Type 1 El

CHD transection or stricture, stump < 2 cm Type I E2

Hilar transection or stricture, preserved biliary confluence Type 111 E3

Hilar transection or stricture, involvement of confluence Type IV E4

Type C injury extending to CHD Type V E5

CHD common hepatic duct, RHD right hepatic duct

biliary defect into the intra-abdominal space (Fig. 3).
Advantages of this study include accurate localization of
bile leak and delineation of fluid collection of biliary and
nonbiliary origin. In fact, studies have verified that MRCP
with hepatocyte specific contrast agent has near 100%
accuracy for detection of bile leak, with the exact location
of the leak determined in 79-85% of studies [26]. One
limitation of MR cholangiography is impaired excretion of
contrast in the setting of obstructive jaundice and hepatic
dysfunction [25]. This may require repeat delayed imaging
for adequate opacification of the biliary tree. In the setting
of high-grade obstruction, no excretion may occur.
Endoscopic  retrograde  cholangiopancreatography
(ERCP) is a highly sensitive method for determining the
presence and location of a biliary leak. In addition, the leak
can often be treated during the procedure with approxi-
mately 89% success rate [27]. The limitations of ERCP are
detection and treatment of leaks at the periphery of the
biliary system as well as in patients with altered biliary

anatomy such as post Roux-en-Y. In addition, an ERCP Is
invasive, with a complication rate of 15.9% [28] including
cholangitis (5%), pancreatitis (3.8%), perforation (1.1%),
and hemorrhage (0.9%).

Biliary Obstruction

Biliary obstruction can occur after approximately 1% of
laparoscopic cholecystectomies [17]. Like biliary leaks,
this complication is more common using a laparoscopic
approach and is usually secondary to inadvertent transec-
tion or ligation of the extrahepatic common bile duct
instead of the cystic duct. Thermal injury to the biliary tract
or excision of an aberrant bile duct can also result in
obstruction. Anatomic biliary variations that increase the
risk of inadvertent bile duct excision or ligation include
low and medialized insertion of the cystic duct, a parallel
course of the cystic duct with the common hepatic duct, or
aberrant right hepatic duct [15].

Spin: 0
Tilt: -90

Fig. 2 Bile leak after hepatic transplantation. a Radionuclide hep-
atobiliary image obtained 40 min after radiotracer administration
demonstrates large volume bile leak extending into the peritoneal
cavity (arrowhead). b SPECT/CT image localizes the site of bile leak
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to the region of the choledochojejunostomy (white arrow). ¢ ERCP
image confirms high-grade bile leak, with nearly all contrast injected
entering the leak at the anastomosis (black arrow), with minimal
contrast opacifying the transplant biliary system
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Fig. 3 Bile leak after cholecystectomy. a Axial T2 HASTE MRI
image demonstrates a large fluid collection in the cholecystectomy
bed (arrowhead). A drain was subsequently placed in the collection,
with return of bilious fluid. b Axial MRI T1 fat saturation delayed
post contrast image after administration of hepatobiliary contrast
agent demonstrates contrast excretion from the cystic duct stump into
the fluid gallbladder fossa collection (white arrow). Additional images
demonstrate contrast filling the intra-abdominal drain (not shown)

Patients with acute postoperative biliary obstruction
often present with abdominal pain and jaundice as well as
elevated liver function tests and bilirubin. Biliary
obstruction places the patient at risk for cholangitis and
development of intrahepatic abscesses, with the patient
presenting with signs of infection including fever and
leukocytosis.

Biliary obstruction is best assessed by MRI with MRCP,
demonstrating diffuse or segmental duct dilation with
abrupt tapering at the site of obstruction (Fig. 4). It is
important for the radiologist to note the level of the biliary
injury and the length of the obstruction, allowing for sur-
gical planning. Though less sensitive for biliary dilation,
CT may help identify the inadvertent placement of metallic
surgical clips.

MR cholangiography with hepatobiliary contrast agent
may offer additional information beyond standard MRI
with MRCP. These agents can allow classification of the
severity of bile duct obstruction based on the degree of

contrast agent filling distal to the stricture. This is opti-
mally evaluated at least 30 min after intravenous injection
of the contrast agent, with a complete obstruction demon-
strating absence of contrast agent distal to the stricture and
a partial obstruction allowing limited passage of contrast
agent beyond the apparent stricture [24¢].

Late Complications of Cholecystectomy

Late complications of cholecystectomy include choledo-
cholithiasis, biliary stricture, remnant gallbladder, papillary
stenosis, and dropped gallstones. Patients may present
several weeks up to many years after biliary surgery.
Imaging plays an important role in diagnosing each of
these conditions, especially as clinical suspicion for

Fig. 4 latrogenic ligation of the hepatic duct during laparoscopic
cholecystectomy. a MRCP MIP image demonstrates diffuse dilation
of the intrahepatic bile ducts (arrowhead) with abrupt narrowing of
the proximal hepatic duct (white arrow). b Coronal T2W image
demonstrates linear susceptibility artifact (black arrow) at the level of
ductal caliber change compatible with a surgical clip. The distal
common bile duct is normal in caliber
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iatrogenic bile injury may be low if the patient is not
recently postoperative.

Choledocholithiasis

Choledocholithiasis can be an early or delayed complica-
tion and is common following cholecystectomy, with
retained or recurrent stones occurring in 1.2-14% of
patients [29]. A stone is considered retained if identified
within two years of surgery and recurrent if noted more
than two years after surgery. Retained stones may have
been present in the common bile duct prior to surgery or
migrate from the cystic duct into the common bile duct
intraoperatively. A laparoscopic cholecystectomy does not
permit common bile duct exploration, and residual lithiasis
is more common than when the procedure is performed
using an open technique. The risk of retained lithiasis is
increased if MRCP is not performed prior to
cholecystectomy.

ERCEP is highly sensitive for the detection of choledo-
cholithiasis and also allows stone removal. However,
MRCP is preferred as a first-line investigation due to the
invasive nature and associated morbidity and mortality of
ERCP. MRCP is an accurate test for the detection of
stones, with sensitivity of 99% for stones larger than 6 mm
and 89% for smaller stones [30]. Choledocholithiasis is
identified on MRI as filling defects within the dependent
portion of the common bile duct that are usually most
accurately identified on T2-weighted imaging, especially
the MRCP portion of the examination due to high spatial
resolution (Fig. 5). Small calculi may be obscured on MIP
images and are best seen on the thin section source images.
Ideally, the stone should be identified on two images in
different planes to maximize specificity. Pneumobilia can
mimic common bile duct stones but is more commonly in a
nondependent location. CT and US may also be performed
for detection of choledocholithiasis but are less sensitive
and specific than MRI.

Less commonly, residual or recurrent stones can occur
in the cystic duct remnant following cholecystectomy.
These patients may present with obstructive symptoms due
to extrinsic compression by the cystic duct stone on the
common hepatic duct, otherwise known as Mirizzi syn-
drome. Imaging will demonstrate one or more gallstones at
the junction of the cystic duct and common hepatic duct
with intrahepatic biliary ductal dilation (Fig. 6). Long-
standing or recurrent stone impaction may eventually lead
to a cholecystobiliary fistula, biliary stricture, or cholan-
gitis [31, 32].
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Fig. 5 Choledocholithiasis. a Axial and b coronal T2W MRI images
demonstrate multiple common bile duct stones (long arrow) in a
patient who had cholecystectomy (arrowhead) many years prior

Sphincter of Oddi Dysfunction

Sphincter of Oddi dysfunction (SOD), also known as
postcholecystectomy syndrome, papillary stenosis, or bil-
iary dyskinesia, is a clinical syndrome of obstruction and
thought to be due to functional abnormality of the sphincter
of Oddi. Patients present with recurrent biliary pain fol-
lowing surgery, occurring in 1% to 1.5% of postchole-
cystectomy patients. Imaging studies are most commonly
performed on these patients to exclude other causes of
recurrent abdominal pain. There are no specific findings on
routine imaging studies, with CT and MR demonstrating
variable biliary dilatation to the level of the ampulla of
Vater without underlying structural abnormality.

The diagnostic gold standard for diagnosis of papillary
stenosis is sphincter of Oddi manometry. However, the
study is time-consuming, not widely available, and asso-
ciated with complications such as pancreatitis [33].
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Fig. 6 Mirizzi syndrome. a Coronal T2-weighted image demon-
strates a large stone in the cystic duct remnant (arrowhead)
obstructing the common bile duct. b Coronal MRCP MIP demon-
strates biliary ductal dilation with abrupt narrowing at the level of the
stone (white arrow), with normal caliber distal common bile duct
(curved arrow)

Recently, less invasive approaches have been introduced
for the diagnosis of sphincter of Oddi dysfunction. Nuclear
medicine hepatobiliary imaging with morphine provoca-
tion has been demonstrated to identify patients who may
respond to endoscopic sphincterotomy [34]. Morphine is
known to cause spasm of the sphincter of Oddi and it is
hypothesized that administration of morphine accentuates
functional abnormalities in patients with SOD. Therefore,
patients with SOD are more likely to have delayed biliary
excretion with higher residual radiotracer activity in the
biliary system at 60 min.

MR cholangiography can also be performed to evaluate
bile kinetics. SOD is suggested with delayed or absent
passage of contrast material beyond the ampulla of Vater
on images obtained 30 min to 1 h after administration of
contrast [24¢]. SOD can be excluded if there is normal
passage of contrast material into the bile ducts on images
obtained 20-30 min after contrast injection. Recently, the
use of secretin-stimulated MRCP has been explored [35]

which may provide additional functional information, but
has not been widely adapted into clinical practice to date.

Remnant Gallbladder

Incomplete resection of the gallbladder is surprisingly
common, occurring in up to 13.3% of laparoscopic chole-
cystectomies [29]. Risk factors for incomplete gallbladder
resection include poor visualization of the gallbladder fossa
during surgery, adhesions, excessive bleeding, or variant
gallbladder or biliary morphology. This is rarely symp-
tomatic but may be associated with pain from residual or
recurrent gallstones in the residual gallbladder. Imaging
features of remnant gallbladder are a fluid filled structure in
the gallbladder fossa with or without stones (Fig. 7). It may
be difficult to distinguish between a postoperative fluid
collection and a remnant gallbladder in the early postop-
erative setting.

Biliary Stricture

Biliary stricture after cholecystectomy is often related to
duct fibrosis or scarring, and most commonly occurs in the
common bile duct near the insertion of the cystic duct or at
the hepatic confluence due to inadvertent ligation, thermal
injury, or chronic irritation from surgical clips. Biliary
strictures are rare, occurring after 0.4 to 0.6% of laparo-
scopic cholecystectomies [36]. Patients with biliary stric-
tures may present several months to several years
following cholecystectomy and demonstrate symptoms of
biliary obstruction, with elevated bilirubin and alkaline
phosphatase.

Both CT and MRI may demonstrate varying levels of
biliary dilation with abrupt transition at the point of stric-
ture. MRCP provides a noninvasive depiction of the biliary
system above and below the level of the stricture and is
more sensitive than CT for identification of biliary dilata-
tion and stricture. The length of structure is often overes-
timated by MR as the bile duct immediately distal to the
stricture is often collapsed. This can often be overcome by
evaluating the source MRCP images. ERCP has therapeutic
advantages over MRCP, allowing stent placement at the
site of the stricture. However, there may be inadequate
evaluation of the bile ducts upstream to a severe stricture.

Benign biliary strictures are smooth with tapered regular
margins and symmetric narrowing. These must be distin-
guished from malignant strictures, which are often longer
and more irregular with shouldered margins [37]. Malig-
nant strictures are also often associated with thickening and
hyperenhancement of the bile duct wall.

Biliary strictures are the most frequent late complication
in patients that have undergone hepatic transplantation,
occurring in 15-18% of liver transplant recipients [14].
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These strictures most frequently occur at the level of the
biliary anastomosis due to scar formation or iatrogenic
trauma. Anastomotic strictures appear as short-segment
narrowing at the anastomosis with upstream dilatation.
Nonanastomotic strictures are less common and usually
caused by ischemia, most commonly due to hepatic artery
thrombosis or stenosis [38]. Rejection and cholangitis are
less common causes of nonanastomotic strictures.
Nonanastomotic strictures are typically multifocal long
segment strictures, usually involving the biliary confluence
and extending into the right and left hepatic ducts [15, 39e]
(Fig. 8). MRCP has been found to be 96% sensitive and
94% specific in the depiction of biliary obstruction in
hepatic transplants [40]. Initial treatment of biliary stricture
usually involves balloon dilation with or without stent
placement, though surgical reconstruction may be required

Fig. 7 Remnant gallbladder in a patient with prior cholecystectomy
presenting with gallstone pancreatitis. a Axial CECT demonstrates a
fluid collection in the gallbladder fossa (arrowhead) with small
hyperdense focus posteriorly (white arrow). The patient is also noted
to have necrotizing pancreatitis with multiple acute necrotic collec-
tions (curved arrow). Subsequent ERCP (b) later confirms the
presence of a remnant gallbladder (black arrow)
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[41]. Treatment of nonanastomotic strictures focuses on
revascularization of the hepatic artery with intra-arterial
heparin therapy or angioplasty, though the strictures are
usually irreversible.

Dropped Gallstones

Perforation of the gallbladder with bile spillage occurs not
infrequently during laparoscopic cholecystectomy at a rate
of 10-40% [42]. The rate of gallstone spillage is less fre-
quent, estimated at 4-6% [17, 43]. Initially, dropped gall-
stones were thought to be of no clinical significance. Over
the past several decades, however, their complications have
been well recognized, with rates ranging from 0.08% to
12% [43, 44]. While the primary complication is abscess
formation, chronic inflammation, and fistula formation are
other symptomatic complications. Patients may be
asymptomatic or present with nonspecific symptoms such
as abdominal pain and fever. This presentation can be a
variable time after cholecystectomy, ranging from days to
years.

CT imaging findings are straightforward if the dropped
gallstone is calcified, with CT demonstrating calcified
densities with or without associated fluid collections
(Fig. 9). These are often more easily identified on non-
contrast CT images. Dropped stones are most commonly
located near the liver in the subhepatic space, specifically
Morrison’s pouch. Unusual locations for dropped gall-
stones have been described, including the right hemithorax,
subphrenic space, the paracolic gutters, as well as
abdominal wall at trocar sites [45]. Small or noncalcified
dropped stones may not be visible by CT. In these
instances, the presence of a fluid collection or abscess in
Morrison’s pouch in a postcholecystectomy patient should
raise the suspicion of dropped stones. US can be useful
with the dropped gallstones appearing as hyperechoic foci
with posterior acoustic shadowing (Fig. 9). Stones causing
abscess vary in size, ranging from several millimeters to
2.5 cm. [46].

On MRI, pigmented dropped gallstones may appear
hyperintense on T1-weighted images, while other stones
are typically hypointense on T1 .4++and T2-weighted
images [47]. The stones themselves should not enhance on
CT or MRI. However, adjacent enhancement will likely be
present in the setting of abscess or inflammatory fibrous
tissue.

Dropped gallstones and their associated complications
have overlapping imaging features with other conditions,
most commonly peritoneal metastases. Soft tissue attenu-
ation perihepatic nodules may often be confused with
metastatic implants. Though the presence of internal cal-
cification suggests dropped stones, some mucin producing
tumors can contain calcium. Dropped gallstones should be
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Fig. 8 Ischemic cholangiopathy in a hepatic transplant. a MRCP MIP
demonstrates diffuse irregularity of the intrahepatic bile ducts with
multiple long segment stenoses (white arrows). The common bile duct
below the anastomosis appears normal (arrowhead). b Contrast-
enhanced CT 3D reconstruction demonstrates the hepatic artery graft
taking a sharp turn with focal stenosis (curved arrow)

considered when a perihepatic soft tissue nodule or fluid
collection is noted to avoid unnecessary diagnostic work up
for metastatic disease.

The recognition of dropped gallstone with associated
abscess is crucial as the definitive treatment requires
removal of the retained gallstone whereas other small intra-
abdominal abscesses can often be treated with antibiotics
and/or percutaneous drainage. If an abscess associated with
a dropped gallstone is treated conservatively, the abscess is
likely to recur until the patient undergoes definitive surgi-
cal treatment. Although less common, fistula formation can
be seen with dropped gallstones. Gallstones can migrate
through bowel, diaphragm, and the abdominal wall.

Fig. 9 Dropped gallstone with abscess. a Axial CECT image
demonstrates cholecystectomy clips in the gallbladder fossa and a
rim-enhancing fluid collection in the right subhepatic space (curved
arrow). Within the abscess, a focus of calcification is noted consistent
with a gallstone (arrowhead). a Ultrasound of a different patient
demonstrates multiple hyperechoic internal foci (white arrows) with
posterior acoustic shadowing consistent with dropped gallstones in
the right subhepatic space

Clip Migration

Dropped surgical clips are commonly noted following
multiple different types of abdominal surgeries. Patients
are rarely symptomatic and are considered low risk for
abscess formation [46]. However, clip migration into the
common bile duct can be problematic. While uncommon,
migration of a surgical clip into the bile duct can act as a
nidus for stone formation and infection, resulting in
choledocholithiasis and cholangitis. A review of case
reports evaluating postcholecystectomy clip migration
noted that the median time from surgery to presentation
was 2 years, and patients generally presented with jaun-
dice, cholangitis, biliary colic, or pancreatitis [48]. Imaging
findings are often straightforward, with a radiopaque clip
demonstrated in the biliary system with a variable degree
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Fig. 10 Migrated cholecystectomy clip. a Coronal CECT demon-
strates a metallic object obstructing the common bile duct (arrow-
head). b EGD image demonstrates a stone protruding from the
ampulla of Vater, with a metallic clip inside the stone (black arrow)

of upstream biliary dilatation (Fig. 10). As the clips act as a
nidus for stone formation, choledocholithiasis and findings
of cholangitis may also be present. The majority of clip
migration can be treated with ERCP, with surgery reserved
for refractory cases.

Conclusion

Tatrogenic biliary injuries can present within days or years
after the initial surgery. Therefore, a high clinical suspicion
and constant vigilance for pathology are imperative when
evaluating the imaging studies of a patient who has
undergone hepatobiliary surgery. Radiologists should be
aware of the expected postoperative appearance following
biliary surgery, identify abnormal findings, recommend
additional imaging studies that may further characterize the

@ Springer

pathology, and provide optimal diagnostic information to
aid in treatment planning. Prompt recognition and diag-
nosis of injury can minimize unnecessary additional work—
up of the patient and improve outcomes.
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