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Abstract
Laparoscopic cholecystectomy is one of the most common procedures performed each year and can be associated with various 
post-operative complications. Imaging is integral to diagnosis and management of patients with suspected cholecystectomy 
complications, and a thorough understanding of normal and abnormal biliary anatomy, risk factors for biliary injury, and 
the spectrum of adverse events is crucial for interpretation of imaging studies. Magnetic resonance cholangiography (MRC) 
enhanced with hepatobiliary contrast agent is useful in delineating biliary anatomy and pathology following cholecystectomy. 
In this article, we provide a protocol for contrast-enhanced MR imaging of the biliary tree. We also review the classification 
and imaging manifestations of post-cholecystectomy bile duct injuries in addition to other complications such as bilomas, 
retained/dropped gallstones, and vascular injuries.
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Introduction

Laparoscopic cholecystectomy is one of the most common 
surgical procedures with approximately 750,000 performed 
annually in the United States [1]. Compared to open chole-
cystectomy, laparoscopic cholecystectomy is associated with 
a shorter hospital stay and an earlier return to normal activ-
ity [2]. A major disadvantage of a laparoscopic approach is 
the increased incidence of bile duct injuries. The reported 
rate of bile duct injury with this approach is 0.3–0.5% as 
compared to an incidence of 0.1–0.2% with open cholecys-
tectomy [3–6]. Major bile duct injury is associated with pro-
longed hospitalization, high costs for the health care system, 
and decreased quality of life [7]. Biliary leak and obstruc-
tion are the most frequent biliary injuries [8]. A variety of 
other complications such as retained and dropped gallstones, 
hematoma, and abscess formation may also occur after this 
procedure [9].

Multiple imaging modalities can be used to identify these 
complications and are selected based on the clinical situa-
tion. Findings on ultrasound (US) and computed tomogra-
phy (CT) are often non-specific, showing fluid collections 
in the surgical bed or in the perihepatic space. Magnetic 
resonance imaging (MRI) can provide more specific ana-
tomic and functional information and is increasingly being 
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used for these indications [10]. To ensure adequate treatment 
planning, it is important to accurately determine the degree 
and location of bile duct injury based on established classifi-
cation systems. While minor biliary injuries can be managed 
endoscopically, major injuries often require surgical treat-
ment. The focus of this article is to review the classification 
and imaging manifestations of post-cholecystectomy bile 
duct injuries. Imaging features of other complications will 
also be discussed and illustrated.

Normal anatomy and variants

The hepatocystic triangle, known historically as Calot’s tri-
angle, is the anatomic space identified during laparoscopic 
cholecystectomy. The hepatocystic triangle is bordered by 
the common hepatic duct (CHD) medially, the cystic duct 
laterally, and the inferior edge of the liver superiorly [11]. 
This space contains the cystic artery and may also contain 
an accessory hepatic artery or an anomalous bile duct [12]. 
Misidentification of contents in the hepatocystic triangle, 
especially in the setting of biliary variations, can contribute 
to bile duct injury during laparoscopic cholecystectomy [13, 
14].

Low medial insertion of the cystic duct into the common 
bile duct (CBD) (Fig. 1) and a parallel course of the cystic 
duct and CBD (where they share a common fibrous sheath) 
are the most common variants of the cystic duct seen in 
about 20% of cases [15, 16]. This proximity of structures in 
this compact anatomic space can complicate laparoscopic 
cholecystectomy and may be a challenge especially with 
Mirizzi syndrome when the associated inflammation distorts 
the normal anatomy. The extrahepatic duct may be inad-
vertently ligated after being mistaken for the cystic duct, 

resulting in transection or stricture of the extrahepatic duct 
in 0.1% of cases [17, 18]. These cystic duct variants can also 
result in a long cystic duct remnant that increases the chance 
of retained stones in the cystic duct and post-cholecystec-
tomy syndrome, a constellation of heterogeneous abdominal 
symptoms that recur or persist after cholecystectomy. The 
incidence of post-cholecystectomy syndrome ranges from 
10 to 50% [19, 20].

Variations regarding the insertion of the right hepatic 
duct (RHD) are also common. In 15% of cases, the right 
anterior duct has a separate low insertion into the common 
hepatic duct [21]. The simultaneous insertion of the right 
anterior duct, right posterior duct, and left hepatic duct into 
the CHD (also known as triple confluence) is another variant 
seen in 9–14% of cases [21]. The right posterior duct can 
also separately insert into the CHD (3–4% of cases) [13, 
22] or the cystic duct (0.2–2% of cases) [22, 23], a variation 
known as an aberrant right posterior hepatic duct (Fig. 2). 
An aberrant right posterior hepatic duct can increase the risk 

Fig. 1  54-year-old female patient with history of intraductal papillary 
mucinous neoplasms. MIP MR image shows low insertion of cystic 
duct (arrow)

Fig. 2  32-year-old male patient being evaluated as a potential living 
liver donor. a and b Axial post-contrast (Eovist) T1-weighted (a) and 
MRCP (b) images show aberrant right posterior hepatic duct (RPHD) 
(arrow)
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of inadvertent bile duct ligation due to its proximity to the 
hepatocystic triangle [24, 25].

Subvesical bile ducts, or ducts of Luschka, are accessory 
bile ducts seen in 4–10% of patients [13, 26, 27]. These bile 
ducts run in proximity with the gallbladder fossa and typi-
cally originate from the right hepatic lobe [17]. Injuries to 
the subvesical bile ducts can complicate 0.1–0.2% of chol-
ecystectomies and are the second most common cause of 
post-cholecystectomy bile leaks after cystic duct leaks [28].

Recognition of normal post-cholecystectomy anatomy on 
imaging is important to differentiate expected post-operative 
findings from pathologic ones. Cystic duct remnants after 
cholecystectomy are often 1–2 cm and can be visualized on 
magnetic resonance cholangiography (MRC). Longer cystic 
duct remnants are typically due to the cystic duct sharing 
a common fibrous sheath with an extrahepatic duct, in the 
setting of variations such as a low medial cystic duct or 
parallel cystic duct [17]. Longer cystic duct remnants can 
predispose patients to residual calculi, which can migrate 
and lead to distal obstruction of the CBD or contribute to 
post-cholecystectomy syndrome [29]. The CBD can undergo 
compensatory dilation after cholecystectomy, ranging from 
a 1.6 to 2.3 mm increase in diameter. Although greater than 
6–7 mm is usually considered a dilated CBD, the upper limit 
of normal tends toward 10 mm in patients with history of 
cholecystectomy [30–32]. Liver function tests (LFTs) and 
correlation with symptoms are often recommended in these 
cases to determine if further evaluation (such as MRCP, 
ERCP, or endoscopic ultrasound) is necessary.

Risk factors for bile duct injury

In addition to the anatomical variations discussed above, 
other factors (such as the nature of the underlying gallblad-
der pathology, patient characteristics, and operator-depend-
ent factors) can increase the risk of bile duct injury during 
laparoscopic cholecystectomy. Obtaining a “critical view 
of safety” is imperative for prevention of bile duct injuries 
and can reduce the incidence of injury from 0.6 to 0.03% 
[33]. This is defined as well visualization of hepatocystic 
triangle contents, where the triangle is cleared of fat and 
fibrous tissue, the distal third of the gallbladder is separated 
from the liver, and only two tubular structures are visualized 
entering the gallbladder [34]. In a retrospective multicenter 
survey of 50,000 cholecystectomies, frequent causes of bile 
duct injury were poor identification of anatomical features 
within the hepatocystic triangle, inflammatory changes in 
the gallbladder, and technical errors such as improper use 
of electrocautery and issues with controlling hemorrhage 
[35]. The risk of iatrogenic bile duct injury is twofold in 
patients with acute cholecystitis as compared to the risk after 
elective cholecystectomy [1, 36]. Inflammation around the 

gallbladder and along the hepato-duodenal ligament prevents 
proper visualization of the hepatocystic triangle and timely 
identification of a bile duct injury [37–39].

Subtotal cholecystectomy is a temporizing measure often 
performed in cases of severe inflammation in order to pre-
vent misidentification of biliary and vascular structures and 
injury to those structures. It is associated with an increased 
risk of post-operative bilomas and retained stones [40]. 
Other factors that increase the risk of bile duct injury are 
excessive fat within the hepato-duodenal ligament, male sex, 
older age, and surgeon inexperience [37, 41]. Additional less 
common causes of bile duct injury, which are related to sur-
gical technique, include thermal injury to the CBD or slip-
page of surgical clips on the bile ducts [41, 42].

Clinical presentation

Injuries to the bile ducts are often missed intraoperatively, 
especially if the bile leaks originate from the cystic duct 
or small ducts of Luschka in the liver bed [1]. Depending 
on institution, 25–75% of bile duct injuries are recognized 
intraoperatively (using cholangiography or based on the 
presence of bile in the operative field) and may be repaired 
if a surgeon with proper expertise is available [35, 43]. If not 
recognized, patients will often present within a week with 
vague non-specific abdominal symptoms such as bloating, 
abdominal pain, anorexia, and malaise [41]. Clinical signs, 
when present, include jaundice, peritonitis, cholangitis, and 
continuous bilious output in those with surgically placed 
drains. Laboratory values are often non-specific, such as leu-
kocytosis and bandemia due to inflammation and infection 
of bile. Patients with jaundice will present with hyperbiliru-
binemia and elevated alkaline phosphatase [1]. Pathologic 
levels of aminotransferases are seen with serious complica-
tions of unrecognized or untreated bile duct injuries result-
ing in secondary biliary cirrhosis [37].

Imaging modalities

Imaging is crucial in establishing the presence, and localiza-
tion, of a bile duct injury (Table 1). CT or US is usually per-
formed initially to establish the diagnosis, depending on the 
symptoms at presentation. For localized right upper quadrant 
pain, US is the preferred initial imaging modality to look for 
fluid collections and biliary ductal dilation. Fluid collections 
usually appear as well-circumscribed anechoic collections in 
the gallbladder fossa or perihepatic space. Collections may 
become complex with internal septa which are non-specific 
findings, usually attributed to superimposed infection or pro-
teinaceous/hemorrhagic content. The sensitivity of US for 
detection of intra-abdominal fluid collections is 70% [44, 
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45]. The disadvantages of US include operator dependency 
and inability to distinguish between various types of fluid 
collections [1, 10, 41, 46].

Contrast-enhanced CT (CECT) is employed when 
patients present with diffuse abdominal pain or sepsis. 
CECT is able to identify bilomas, ascites, abscesses, and 
inflammation [1]. It has a sensitivity of 95% to detect intra-
abdominal fluid collections [45], but as with US, it lacks the 
specificity to identify the source of fluid. If infected, the fluid 
collection often has an enhancing wall, local mass effect, and 
may contain locules of gas. CT also offers increased specific-
ity in detecting arterial injuries compared to US [47]. Drip 
infusion CT cholangiography can provide a more detailed 
evaluation of biliary anatomy and localization of bile duct 
leakage, but the contrast agent used (meglumine iotroxate) 
is not available in most countries and is associated with infu-
sion reactions [48].

Hepatobiliary scintigraphy is a non-invasive modality that 
is more specific for bile leaks than US and CT and has a sen-
sitivity that ranges from 64 to 100% [45, 49, 50]. It is limited 
by its poor spatial resolution and inability to confidently 
identify the bile duct involved, which is important for pre-
operative planning. The addition of single-photon emission 
computed tomography (SPECT–CT) improves localization 
of biliary leaks but also further increases radiation exposure 
[44, 51].

Endoscopic retrograde cholangiopancreatography 
(ERCP) is another useful imaging technique that not only 

enables localization of the bile duct leak, but also allows 
for interventional therapy, if needed. CBD stent placement 
decreases the pressure gradient between the biliary system 
and duodenum, allowing bile to flow away from the leak, 
which assists with the healing process and prevents stricture 
formation [37, 41]. Despite its advantages, ERCP is invasive 
and has 1.4% to 3.2% chances of complication including 
acute pancreatitis, hemorrhage, perforation, and infection 
[52]. In addition, ERCP is unable to evaluate the biliary 
tree proximal to a major transection or ligation and could be 
challenging in patients with altered bowel anatomy (such 
as Roux-en-Y gastric bypass or biliary-enteric anastomosis) 
[9, 10].

Percutaneous cholangiography (PTC) is useful in assess-
ing proximal bile duct injuries, aberrant RHD transections, 
and common duct transections. External drainage has a ther-
apeutic role by decreasing the pressure within the biliary 
tree [47]. PTC is invasive and cannot provide a complete 
assessment of the biliary tree in cases of complete obstruc-
tion [53].

Intraoperative cholangiogram (IOC) is another modal-
ity that can identify bile duct leaks at the time of injury. 
Although IOC has the potential to aid in prevention and 
intraoperative recognition of bile duct injuries, studies 
have shown conflicting evidence regarding its benefit [54]. 
A recent randomized controlled trial comparing outcomes 
between patients who underwent laparoscopic cholecystec-
tomy alone and laparoscopic cholecystectomy with routine 

Table 1  MRI protocol for bile leak using Gd-EOB-DTPA

Protocol step Precontrast imaging Contrast agent injection Dynamic imaging Hepatobiliary phase delayed 
imaging (20 min)

GD-EOB-
DPTPA 
(Eovist)

(a) Axial T1-weighted in-and-
out of phase

0.1 mL/kg body weight at 
1 mL/s using fluoroscopic 
trigger

(a) Axial T1W FS GE (arterial 
phase)

(a) Axial and coronal VIBE FS 
(30° flip angle)

(b) Axial T1W FS GE (b) Axial T1W FS GE (60 s) (b) If strong clinical suspicion 
for leak and no leak dem-
onstrated at 20 min, obtain 
additional delayed images. 
Delayed images obtained at 
2–3 h are sometimes neces-
sary to diagnose and classify 
a leak

(c) Axial and coronal HASTE 
T2-weighted BH

(c) Axial and coronal T1W FS 
GE (90 s)

(d) 3D TSE-navigated MRCP (d) Axial and coronal 
T2-weighted HASTE non-
BH

(e) Axial (20–40 mm slice 
thickness) and coronal 
(40–60 mm slice thickness) 
T2-weighted RARE

(e) Axial T2-weighted TSE FS

(f) Axial diffusion (b50, b500, 
b1000)
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IOC showed no improvements in the rate of bile duct injury, 
CBD stone retention, or length of hospital stay, but demon-
strated significantly longer operative time [55]. As such, less 
surgeons routinely perform IOC [54, 56].

MRC is a non-invasive modality for diagnosis of bile 
duct injury. Owing to its high spatial and contrast resolution, 
MRC can provide better delineation of the biliary tree and 
better recognition of level and length of injury. It also pro-
vides other valuable information necessary for patient man-
agement (such as delineation of underlying variant biliary 
anatomy). [44, 46, 47, 57]. Although routine T2-weighted 
MRC can delineate biliary tree anatomy well, it does not 
provide information regarding biliary excretion and cannot 
distinguish bilomas from other fluid collections [58]. The 
sensitivity of T2-weighted MRC for localization of biliary 
leakage is between 70 and 74% [59]. MRC enhanced with 
hepatobiliary contrast agents (contrast-enhanced magnetic 
MR cholangiography; CE-MRC) can distinguish between 
fluid collections of biliary and non-biliary origins and pro-
vides much higher spatial resolution compared to hepato-
biliary scintigraphy [9, 60]. It has a sensitivity of 96% and 
a specificity of 100% in diagnosis of an active bile leak [58, 
61]. Through direct visualization of biliary flow, CE-MRC 
can also depict other surgical complications such as biliary 
strictures [10].

MR imaging protocol

MR imaging of the biliary tree is generally performed using 
a 1.5 T or 3 T magnet and a phased-array surface coil. For 
precontrast imaging, axial T1-weighted in-phase/opposed-
phase and fat-suppressed T1 gradient echo sequences are 
obtained in addition to axial and coronal T2-weighted 
breath-hold half-Fourier acquisition single-shot turbo spin 
echo imaging (HASTE), T2-weighted rapid acquisition with 
relaxation enhancement (RARE), and three-dimensional 
MRC sequences. Heavily T2-weighted sequences are used 
to depict the fluid-contained biliary tree and pancreatic duct 
[62]. Since hepatobiliary-specific agents cause T2 shorten-
ing, T2-weighted MRC should always be performed prior 
to excretion of contrast into the biliary tree [63]. Suggested 
MRI protocol is summarized in Table 1.

Mangafodipir trisodium (Teslascan, GE Healthcare) 
was one of the first approved hepatobiliary contrast agents. 
Although it allows for hepatobiliary imaging, it precludes 
dynamic imaging and assessment of vascular structures 
since it is solely a hepatobiliary-specific agent. This agent 
was discontinued in the United States due to concerns of 
toxicity [61, 64]. Gadobenate dimeglumine (Gd-BOPTA; 
Multihance, Bracco Imaging) and gadoxetate disodium (Gd-
EOB-DTPA, Bayer Healthcare, Primovist in Europe, Eovist 
in the United States) can be used for both early dynamic and 

delayed hepatobiliary phase imaging as they share properties 
of extracellular gadolinium-based agents. Only 3–5% of Gd-
BOPTA is excreted in the bile allowing for biliary imaging at 
about 45 min after injection. Gd-EOB-DTPA is more often 
used to assess biliary injury as 50% of it is excreted in bile, 
allowing for improved and earlier biliary imaging at 20 min 
[58]. For both agents the remainder of contrast is excreted 
through the kidneys [65]. Gd-EOB-DTPA (Eovist) is the 
only agent currently approved in the United States, as an 
off-label use, for biliary imaging [66].

The suggested dose of Gd-EOB-DTPA by the FDA is 
0.1 mL/kg (0.025 mmol/kg), which is the minimum effec-
tive dose. Higher doses have been recommended to improve 
enhancement as there is overall a small volume injected with 
hepatobiliary agents and they are associated with transient 
respiratory motion in the arterial phase [67, 68]. In order to 
improve acquisition timing and truncation artifacts, a timing 
bolus or fluoroscopic trigger is recommended [60, 67, 69]. 
In our institution’s protocol, we administer 0.1 mL/kg of 
Gd-EOB-DTPA at a rate of 1 mL/s through a fluoroscopic 
trigger and obtain dynamic images including arterial, portal 
venous, transitional, and hepatobiliary phases.

Increasing the flip angle to 35°–45° in delayed phase 
imaging using Gd-EOB-DTPA can lead to improvements in 
the signal-to-noise ratio and contrast-to-noise ratio [64, 65]. 
A higher flip angle is possible due to the high concentration 
of Gd-EOB-DTPA excreted in the bile ducts, which helps 
to decrease background noise from the liver (also retains 
hepatobiliary contrast agents) [68]. The duration of delayed 
imaging can also improve the sensitivity of biliary leakage. 
Cieszanowski et al. found in a retrospective study that the 
overall sensitivity of CE-MRC was improved in combined 
20–25 min and 60–90 min delayed images, and even fur-
ther improved with combined 20–25 min, 60–90 min, and 
150–180 min delayed images (92.9% and 96.4%, respec-
tively, as compared to 42.9% for 20–25 min delay only) [60, 
67, 70, 71]. For delayed imaging, we use a 30° flip angle in 
coronal and axial fat-suppressed T1 gradient echo sequences 
acquired 20 min post-injection, with instruction to obtain 
further delayed images if there is inadequate biliary fill-
ing or a high suspicion for biliary leak. When waiting to 
acquire delayed images (e.g., 180 min), other patients can 
be imaged so that MR throughput is not compromised. If 
the diagnosis is a bile leak, an additional thin-sliced coronal 
fat-suppressed T1 gradient echo sequence is performed to 
look for filling of hepatic ducts and the CBD.

Liver dysfunction can contribute to inadequate biliary 
excretion of contrast as Gd-EOB-DTPA is actively trans-
ported through hepatocytes. Tschirch et  al. found that 
patients with serum total bilirubin greater than 30 μmoles/L 
or MELD scores greater than 11 had insufficient visualiza-
tion of the biliary tree 20 min after administration of Gd-
EOB-DTPA [69]. However, in a study conducted by Kul 
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et al., there was no statistically significant difference between 
bilirubin levels in patients who required more delayed phase 
imaging and patients who did not. Nevertheless, if there is a 
high clinical suspicion for a bile leak even with normal lab 
values more delayed imaging should be pursued [67, 71].

MR imaging of post‑cholecystectomy 
complications

Biloma

Bilomas, usually the first consideration of bile duct injury on 
imaging, are defined as well-demarcated collections of bile 
outside the biliary tree. They are commonly located in the 
subhepatic and perihepatic space. Less common locations 
are intrahepatic and retroperitoneal space [72]. It is difficult 
to distinguish between post-operative seromas, lymphoceles, 
hematomas, and abscesses solely based on CT. In addition, 
hemostatic agents such as Surgicel (oxidized regenerated 
cellulose, Johnson and Johnson Ethicon) can mimic the 
appearance of an abscess or hematoma [73]. MRI can often 
differentiate between abscess and Surgicel since the latter 
demonstrates low signal on T2-weighted images while an 
abscess has high T2 signal intensity [9].

On conventional MRI, bilomas appear as fluid collec-
tions with a thin wall that are hypointense on T1-weighted 
MRI and hyperintense on T2-weighted MRI. Occasionally 
layering high T1 and low T2 signal can be seen within the 
biloma which represents concentrated bile (Fig. 3) [74]. A 
thick enhancing rim raises suspicion for superinfection and 
abscess [57]. Lymphatic and serous post-operative collec-
tions can mimic biloma on MRI. On CE-MRC, a biloma 
may show delayed contrast agent filling if there is an active 
leak [57]. A walled-off biloma will not demonstrate contrast 
accumulation and potentially exclude an active leak as there 
will be no communication between the injury and biloma 
[66].

Bile duct injury

CE-MRC can also be advantageous in identifying the precise 
anatomic location of leakage (Fig. 4). There are numerous 
classifications used to describe bile duct injuries. The Stew-
art–Way classification is based on mechanism of injury and 
includes associated vascular injuries (Table 2). The Han-
nover classification, proposed based on study of 72 con-
secutive cases of iatrogenic bile injury after laparoscopic 
cholecystectomies, is shown to have high association with 
the surgical treatment chosen (Table 3) [3, 75]. The Bis-
muth–Strasberg classification, which is based on location of 
injury in the biliary tract, is currently the most widely used 
classification and is discussed here (Table 4; Fig. 5).

Type A bile duct injuries are leaks from the cystic duct or 
ducts of Luschka [12, 58]. Leaks from the cystic duct com-
monly occur when clips on the cystic duct become dislodged 
or do not encompass the entire duct [62]. Lacerations to 
the cystic duct, ductal necrosis due to cholecystitis, or dis-
tal obstruction by a stone shearing the cystic duct remnant 
are other potential etiologies. Leaks from the smaller ducts 
of Luschka occur mainly with the presence of an anatomic 
abnormality such as an intrahepatic position of gallbladder 
or an adherent gallbladder from chronic cholecystitis. MRC 
will demonstrate a T2-hyperintense fluid collection within 
the gallbladder fossa. A small connection between the fluid 
collection and cystic duct may be seen [5]. CE-MRC will 
show extravasation of contrast agent from the cystic duct 
remnant or ducts of Luschka [46]. These leaks are usually 
self-resolving, unless they become secondarily infected [76].

Type B and C injuries are due to occlusion or transection 
of the aberrant RHD, respectively. They usually stem from 

Fig. 3  45-year-old female patient with post-cholecystectomy bilo-
mas. a and b Axial T2-weighted MRI (a) and axial post-contrast 
T1-weighted MRI (b) show mildly-rim-enhancing fluid collections in 
the subhepatic space and hepatorenal recess (arrows). The dominant 
collection was aspirated percutaneously showing high bilirubin level 
consistent with biloma



3092 Abdominal Radiology (2021) 46:3086–3104

1 3

misidentification of the aberrant RHD as the cystic duct, 
resulting in the RHD being mistakenly clipped [62]. If the 
duct is occluded, patients are often asymptomatic and the 
injury can be missed until a late presentation of cholangitis 
occurs. MRC will show an obstructed segment lacking con-
tinuity with the distal biliary tree. CE-MRC will reveal focal 
duct dilation and lack of excretion of the contrast agent from 
the bile duct at the site of occlusion. This may be accompa-
nied by segmental hepatic atrophy which shows up on CE-
MRC as volume loss with poor contrast uptake in the cor-
responding segment [63]. On conventional MRC, complete 
lack of visualization of the duct is usually indicative of a 
transection or excision, but it can occasionally be difficult to 
distinguish from a stricture. In type C injury CE-MRC will 
show discontinuation of the contrast at the aberrant RHD, 
with pooling of contrast nearby due to a resultant biloma 
[47]. Type B and C injuries are often not detected on ERCP 
since the injured duct is not in continuity with the intrahe-
patic and common bile ducts.

Type D bile duct injuries result in a partial lateral wall 
injury to the CHD or CBD. They are due to misidentifica-
tion of any of the major bile ducts as the cystic duct. They 
present on CE-MRC as narrowing in CHD or CBD (with 
an adjacent subhepatic biloma accumulating contrast in the 
hepatobiliary phase) and an otherwise intact biliary tree [8].

Type E injuries are injuries to the main hepatic duct and 
are organized from E1 to E5 based on distance from the bile 
duct bifurcation, the involvement of the bile duct bifurca-
tion, and involvement of the aberrant RHD (Figs. 6, 7, 8, 
9) [77]. They are usually due to anatomical variants such 
as a low medial insertion of the cystic duct, a cystic duct 
parallel to the CHD, and an aberrant RHD. CE-MRC allows 
for the detection of maintenance of the biliary confluence 
and length of the cystic duct. Mechanisms of injury include 
transection, ligation, thermal injury, or occlusion. If injury 
is specifically from a ligation, a ductal segment on CE-MRC 
may show narrowing or discontinuation [78].

Retained Stone/Mirizzi syndrome

Although often asymptomatic, gallstones may remain within 
the cystic duct remnant, intrahepatic ducts, or extrahepatic 
ducts following a cholecystectomy [62]. It is difficult to 
determine the exact incidence of retained gallstones, but it 
is reported to range between 2 and 12% [79]. They are a 
major contributor to post-cholecystectomy syndrome [19]. 
In a prospective study of 272 patients who presented with 
post-cholecystectomy syndrome, 17.6% of cases were attrib-
uted to retained gallstones or cystic duct remnant (Fig. 10) 
[80]. Diagnosis using MRC is often helpful as other etiolo-
gies of post-cholecystectomy syndrome such as strictures 
or pancreatitis can be ruled out. Retained stones on MRC 
will appear as smoothly marginated filling defects within 

Fig. 4  38-year-old female patient with history of cholecystectomy 
which was complicated by bile duct injury. a Axial T1-weighted 
MR precontrast image of bile duct injury. b Axial T1-weighted MRI 
(20  min after administration of Gd-EOB-DTPA) shows excreted 
contrast within the intrahepatic ducts and with hyperintensity in 
the non-dependent portion of the perihepatic fluid (arrow). c More 
delayed images, obtained with 35-min delay, demonstrate expanding 
extraluminal contrast (arrow) within the perihepatic fluid confirming 
active bile leak. Patients were found to have Strasberg-type E1 injury 
(injury to extrahepatic bile duct > 2 cm distal to confluence) following 
attempted cholecystectomy
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the common bile duct or cystic duct remnant, usually in the 
dependent position, surrounded by a thin border of hyper-
intense bile (Fig. 11) [19]. Thin slice HASTE images may 
show a filling defect in the center of the duct related to flow 
artifact which is not seen on balanced steady state-free pre-
cession techniques (Fig. 12).  

Mirizzi syndrome is defined as inflammation from a 
cystic duct or gallbladder infundibulum stone resulting in 
extrinsic compression of the CHD and can either present 
preoperatively or post-operatively due to remnant cystic 
duct stones [81]. This inflammation can make laparo-
scopic cholecystectomy challenging due to distortion of 
normal anatomy, which can increase the risk of bile duct 
injury [82]. A systematic review found that a preopera-
tive diagnosis can decrease the conversion rate of lapa-
roscopy to laparotomy [83]. The accuracy of Mirizzi syn-
drome on MRC is 50–76% [84, 85] and can be improved 
to 94% when used in conjunction with CT [86]. MRC can 

delineate characteristic findings of Mirizzi syndrome such 
as a stone in the CHD, extrinsic compression of the CHD, 
and dilation of the CHD with a normal-sized CBD [80].

MRC is the preferred imaging modality for post-chol-
ecystectomy Mirizzi syndrome with a sensitivity ranging 
from 89 to 92% for diagnosis of post-cholecystectomy 
syndrome [29]. MRC findings of post-operative Mirizzi 
syndrome include a stone in the cystic duct remnant with 
extrinsic compression of the CHD and disproportionate 
dilation of the upstream biliary tree. Inflammation can be 
visualized in the biliary ducts and MRC may be useful in 
distinguishing Mirizzi syndrome from other biliary condi-
tions such as cancer. ERCP is additionally useful for evalu-
ation of possible accompanying cholecystobiliary fistula, 
which is important in determining the subtype of Mirizzi 
syndrome. It also offers therapeutic interventions through 
stenting or papillotomy [29, 85].

Table 2  Stewart–Way 
classification [3, 77]

Class Criteria

I Misidentification of CBD as cystic duct, but prior to complete transection
II Inaccurate cautery or misplaced clips on CHD due to poor visibility from 

inflammation/bleeding
III Misidentification of CBD as cystic duct resulting in complete transection
IV Misidentification of CHD as cystic duct resulting in injury

Table 3  Hanover classification 
[77]

a Include further subdivisions based on associated vascular injuries to cystic artery, right/left hepatic artery, 
or portal vein

Class Criteria

Type A Peripheral bile leakage (either leak from cystic duct or region of gallbladder bed)
Type B Occlusion (i.e., due to surgical clip) of RHD, CHD, or CBD without injury
Type  Ca Partial CHD or CBD injury (with or without vascular injury associated)
Type  Da Complete transection of bile duct
Type E Stricture of RHD, CHD, or CBD

Table 4  Strasberg–Bismuth 
classification [47, 100]

Strasberg Bismuth Criteria

Type A – Cystic duct leak or leaks from smaller ducts of Luschka
Type B – Occlusion of aberrant RHD
Type C – Transection of aberrant RHD
Type D – Partial injury to CHD or CBD without transection
Type E1 Type I Injury to main hepatic duct > 2 cm away from hepatic duct confluence
Type E2 Type II Injury to main hepatic duct < 2 cm from hepatic duct confluence
Type E3 Type III Injury to main hepatic duct at confluence without loss of communica-

tion between right and left hepatic ducts
Type E4 Type IV Injury to main hepatic duct at confluence with loss of communication 

between right and left hepatic ducts
Type E5 Type V Injury to main hepatic duct and aberrant right hepatic duct



3094 Abdominal Radiology (2021) 46:3086–3104

1 3

Fig. 5  Illustration of Strasberg classification of bile duct injury
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Vascular injury

Iatrogenic vascular injuries (Fig. 13) are another compli-
cation of laparoscopic cholecystectomy and have been 
observed in 0.25% of cases [87]. Frequent causes of vascular 
injury include inadequate ligation of the cystic artery, right 
hepatic artery injury, and pseudoaneurysm formation. The 
right hepatic artery is the most commonly injured due to 
anatomical variations leading to confusion with the cystic 
artery [88]. This injury often occurs concomitantly with a 
bile duct injury and thus patients can present with hemo-
bilia, right hepatic lobe ischemia, or an associated hepatic 
abscess [41]. Although US with Doppler or CTA is usually 
the initial modality used to diagnose arterial injury, MRI 
can also assist with diagnosis as vascular structures can be 
examined in the hepatic arterial and portal venous phases 
through dynamic imaging [58, 63, 89].

Right hepatic artery pseudoaneurysm is a rare complica-
tion of laparoscopic cholecystectomy. Precipitating factors 
include direct arterial injury, bile leak/infection, and erosion 
via clip displacement. Pseudoaneurysms present as pulsatile 
masses that can rupture into the peritoneal cavity, biliary 
tree, or duodenum and lead to life-threatening hemorrhage. 
Pseudoaneurysms may manifest as rounded fluid-filled struc-
tures and should be considered in the differential diagno-
ses of a fluid collection in the gallbladder fossa following 
cholecystectomy [90]. On MRC, a pseudoaneurysm may 
appear as heterogeneous mixed signal intensity on T1- and 
T2-weighted sequences with flow voids in the patent portion. 
CE-MRC will show brisk enhancement during the arterial 
phase [91].

Ischemic cholangiopathy is a rare entity, characterized by 
focal or diffuse injury of the bile duct because of impaired 
blood supply. Damage to the arterial supply of the CBD, 
such as the right hepatic artery, can result in biliary strictures 
and other ischemic complications [92]. US, although unable 
to directly identify biliary ischemia, is a useful modality 
for evaluation of consequences of biliary ischemia such as 
biliary ductal dilation and intrahepatic biloma formation. 
On CECT, cases of severe ischemic cholangiopathy with 
biliary necrosis manifest with water density necrotic tissue 
and debris in peribiliary space and porta hepatis abutting 

Fig. 6  46-year-old female patient with history of chronic cholecystitis 
and underwent laparoscopic cholecystectomy which was complicated 
by a Strasberg-type E2 injury (injury to common hepatic duct < 2 cm 
distal to confluence). a Axial T1-weighted MRI (20 min after admin-
istration of Gd-EOB-DTPA) shows excreted contrast within the com-
mon bile duct (arrow) and renal collecting system. b Axial image 
obtained at the level of common hepatic duct shows marked narrow-
ing of common hepatic duct at this level. Note the cholecystectomy 
clips (seen as signal void) adjacent to the area of stricture. No bile 
leak was seen. c and d Maximum-intensity projection MRCP (c) and 
subsequent ERCP (d) confirm marked stricture of common hepatic 
duct. Note a right percutaneous transhepatic biliary stent in place

▸
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the central bile ducts as well as intrahepatic bilomas. In the 
affected segments, the peripheral bile ducts become dilated 
secondary to downstream intrinsic strictures or extrinsic 
compression by the peribiliary necrotic tissue. MRC is 
excellent for detecting bile duct morphological changes and 
complications of biliary ischemia (Fig. 14). Biliary dila-
tion, biliary strictures, and sludge are well depicted on MRC 
except in cases of severe biliary ischemia as the bile leak-
age into the portal tracts show high signal intensity, limiting 
the assessment of the central ducts. On diffusion-weighted 
imaging (DWI), ischemic bile ducts may show high signal 
intensity [93].

Dropped gallstones

Another post-operative complication of laparoscopic chol-
ecystectomy is spillage of gallstones within the abdominal 
cavity. Dropped gallstones occur in 25–30% of cholecystec-
tomies and become symptomatic in the form of an abscess 
in 0.3% of patients [94]. The abscesses typically present 
months after cholecystectomy, although late presentations 
several years after the surgery have also been reported [95]. 
Fistulas created by the migration of dropped gallstones to the 
gastrointestinal tract, diaphragm, or abdominal wall are other 
less frequent complications. MRI is useful in identifying 

Fig. 7  44-year-old male patient with history of acute cholecystitis and 
underwent laparoscopic cholecystectomy which was complicated by a 
Strasberg-type E3 injury (injury at the level of hilum with preserved 
biliary confluence). a Coronal contrast-enhanced CT shows cholecys-
tectomy clips adjacent to the biliary confluence with associated intra-

hepatic biliary ductal dilation and perihepatic fluid collection. b and 
c Coronal maximum-intensity projection MRCP (b) and subsequent 
ERCP (c) show stricture just below the level of biliary confluence 
(arrow)

Fig. 8  52-year-old male patient 
with history of laparoscopic 
cholecystectomy which was 
complicated by a Strasberg-type 
E4 injury (injury at the level 
of biliary confluence). a Axial 
post-contrast T1-weighted MRI 
shows bilobar intrahepatic 
biliary ductal dilation without 
discernible biliary confluence. 
Note the cholecystectomy clip 
(arrow) in hilum. b Coronal 
T2-weighted MRI also shows 
separation of the dilated right 
and left hepatic ducts
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non-calcified gallstones that are not easily visible on CT. 
Stones appear as well-defined signal voids on T2-weighted 
sequences. Their signal intensity on T1-weighted MRI is 
variable. Surrounding inflammation appears hyperintense 
on T2-weighted MRI with variable degrees of enhance-
ment following injection of gadolinium (Fig.  15). An 

abnormality in the right posterior subhepatic space often 
prompts investigation for a history of cholecystectomy due 
to its characteristic location for dropped gallstones. Mimics 
of dropped gallstones include peritoneal loose bodies arising 
from appendices epiploica, dropped appendicoliths, colonic 
diverticuli, and peritoneal metastases [96]. Clinical history 

Fig. 9  60-year-old male patient 
with history of right upper 
quadrant pain and underwent 
laparoscopic cholecystectomy 
which was complicated by a 
Strasberg-type E5 injury (injury 
to both aberrant right poste-
rior duct and common hepatic 
duct). a Axial T1-weighted 
MRI (20 min after administra-
tion of Gd-EOB-DTPA) shows 
extraluminal contrast within 
the gallbladder fossa (arrow) 
consistent with active biliary 
leak. b Subsequent cholangio-
gram also showed narrowing in 
common hepatic duct (arrow). 
Patient was found to have injury 
to an aberrant right posterior 
hepatic duct

Fig. 10  39-year-old male with remote history of orthotopic liver 
transplantation with duct-to-duct biliary anastomosis for hepatic fail-
ure caused by bupropion. a and b Coronal maximum-intensity pro-
jection MRCP (a) and longitudinal duplex ultrasound (b) through the 

hilum show a fluid collection (arrow) near in location of cystic rem-
nant suggestive of mucocele of cystic duct remnant, which has been 
slowly growing over the years
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and a multimodality approach to imaging can help narrow 
the diagnosis.

Iatrogenic biliary strictures

Ninety-five percent of biliary strictures are secondary to bil-
iary tract surgery (Fig. 16) [47]. Strictures usually arise from 
thermal injury or irritation from surgical clips leading to 
fibrosis [12]. Clinical presentation often occurs as obstruc-
tive jaundice or liver dysfunction months to years after lapa-
roscopic cholecystectomy. On MRC, they manifest as intra 
or extrahepatic ductal dilation with gentle tapering, focal 
ductal narrowing, and non-depiction of part of a duct [12, 
62]. A disadvantage of conventional MRC is that there tends 
to be an overestimation of strictures based on ductal appear-
ance because it offers no functional information about resist-
ance to flow. There can also be overestimation of the length 
of the stricture on T2-weighted MRC if the duct distal to 
the stricture has collapsed [59]. CE-MRC offers functional 

information that can help distinguish non-obstructive dila-
tion vs. obstruction from stricture. The degree of obstruction 
can be classified based on delay of contrast flow through 
bile duct obstruction. Complete obstruction is the absence 
of contrast agent in the proximal portion of the stricture. 
Near-complete obstruction is delayed contrast filling only in 
the proximal part of the stricture, while partial obstruction is 
the passage of contrast agent beyond the stricture [57, 59].

Reporting the number and location of strictures is 
important for patient management. Stenting, dilation, and 
surgery are the main options for treatment [97]. Short-
segment benign strictures are more amenable to dilation 
compared to long-segment or multifocal strictures [98]. 
For post-procedural evaluation, absence of ductal dilation 
on T2-weighted MRC may suggest stent patency, but sus-
ceptibility artifacts from the metallic stent and associated 
pneumobilia make it difficult to see the internal lumen. 
CE-MRC can visualize stent patency by demonstrating 
contrast present above and below the stent [57].

Fig. 11  47-year-old male presenting with right upper quadrant pain 
1 week post-cholecystectomy. a Axial contrast-enhanced CT shows a 
fluid collection versus large remnant in the gallbladder fossa (arrow). 
b Coronal maximum-intensity projection MRCP demonstrates a 
collection in continuity with the cystic duct, suggestive of gallblad-
der remnant, with suggestion of filling defect (arrow) in cystic duct. 

c Coronal contrast-enhanced MRC shows non-filling of gallbladder 
remnant suggestive of cystic duct obstruction which was confirmed 
on subsequent ERCP (d). Note the meniscus (arrow) in cystic duct 
consistent with obstructing stone. Patient underwent endoscopic ther-
apy with direct cannulation of cystic duct and removal of cystic duct 
stone

Fig. 12  58-year-old male patient with history of abnormal liver func-
tion tests to rule out primary sclerosing cholangitis. a and b Axial 
thin slice single-shot (a) and T1-weighted (b) MR images show large 
gallstone in the fundus of the gallbladder (small arrow) and non-

dilated common bile duct with a small low signal in the distal CBD 
on the T2-weighted sequence (a, arrow) most likely represent flow 
artifact and is not appreciated on balanced steady state-free preces-
sion techniques image (b, arrow)
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Management

The treatment approach to bile duct injuries is based on 
timing and recognition of injury, location of injury, and 
extent of injury [99]. Biliary anatomy is always thoroughly 

investigated prior to repair as it improves success rate. 
Exploratory surgery should not be performed and is associ-
ated with higher morbidity and mortality [100]. Although 
bile duct injuries only occur in 20–30% of cases, intraop-
erative recognition of them is associated with superior out-
comes. If bile duct injuries are recognized post-operatively, 
then the goal is to control sepsis first through antibiotics 
and drainage of bile. Elective reconstruction can then be 
performed 6–8 weeks later after inflammation is more con-
trolled [101].

Leaks from cystic ducts (Strasberg type A) are usually 
managed non-operatively either with stenting or sphinc-
terotomy through ERCP [100]. As mentioned previously, 
RHD injuries (Strasberg types B and C) are often asymp-
tomatic and underrecognized. Thus, imaging with MRC is 
crucial to diagnosis and management as these are usually 
repaired through image-guided PTC placement for external 

Fig. 13  59-year-old male patient presenting with pain and fever 
2 months following cholecystectomy. Patient underwent MRI show-
ing fluid collection (arrow) in the gallbladder fossa demonstrating 
high signal on precontrast T1-weighted (a) and intermediate signal on 
T2-weighted MRI (b), respectively, suggestive of hematoma

Fig. 14  56-year-old male with remote history of cholecystectomy 
with reported bile duct injury at the time of surgery (details of injury 
not known). a and b Coronal thick-slab MRCP (a) and axial post-con-
trast T1-weighted MRI (b) show focal narrowing (stricture) (arrow) 
and associated segmental dilation of bile ducts in segment VI, pre-
sumably due to ischemic cholangiopathy. No mass or malignancy on 
ERCP and brushing
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drainage. Partial defects such as Strasberg type D injuries 
can be repaired with primary closure and subhepatic drain-
age, while complete defects (Strasberg type E) require 

Roux-en-Y hepaticojejunostomy. The location of injury in 
complete defects is also important for operative technique. 
Lowering of the hilar plate, which improves exposure, only 
needs to be performed in bile duct injuries where the biliary 
confluence is disrupted [99].

Fig. 15  45-year-old male presenting with intermittent right upper 
quadrant pain. Patient had cholecystectomy 7  years earlier. a Axial 
contrast-enhanced CT shows a gallbladder remnant (arrow). b and c 
Subsequent axial T2-weighted MRI (b) and coronal thick-slab MRCP 
(c) show a stone within the infundibulum of the gallbladder remnant 
(arrow). The remnant and cystic duct did not fill with radiotracer dur-
ing scintigraphy (not shown). Patient underwent completion cholecys-
tectomy with resolution of symptoms

Fig. 16  20-year-old female presenting with painless jaundice, 
2 weeks after elective cholecystectomy. a and b Coronal maximum-
intensity projection MRCP (a) and subsequent ERCP (b) show severe 
stricture of common hepatic duct (arrow). c Patient underwent endo-
scopic therapy with several biliary stenting and ballooning with even-
tual resolution of stricture, as shown on follow up ERCP
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Associated vascular injuries can make biliary reconstruc-
tion more difficult due to the increased risk of hemorrhage 
[3, 100]. These injuries, such as visceral pseudoaneurysms, 
are increasingly being treated via endovascular approach 
using coil embolization [102]. Dropped gallstone-associated 
abscesses can be managed by antibiotics and percutaneous 
drainage although they often require stone removal via open 
or laparoscopic surgery for definitive treatment [103].

Conclusion

Knowledge of variations in biliary anatomy and the clas-
sification systems that grade bile duct injuries is helpful 
for proper diagnosis and management of complications fol-
lowing cholecystectomy. MRC can facilitate localization of 
bile duct injuries as well as identification of other compli-
cations such as strictures, vascular injuries, and displaced 
gallstones. CE-MRC can provide additional information 
regarding biliary excretion and exclude non-biliary sources 
of fluid collections. Timely detection and localization of bile 
duct injuries and other cholecystectomy complications can 
help optimize surgical approaches and reduce morbidity and 
mortality.
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