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Objective: To evaluate the role of multidetector computed tomography (CT) and CT angiography
(CTA) in post cholecystectomy complications.
Methods: A retrospective analysis of data from December 2012 to August 2014 was performed.
Eight hundred sixty consecutive patients with history of cholecystectomy (laparoscopic or
open) were evaluated. After exclusion of 645 patients with normal imaging, analysis for post
cholecystectomy complications was performed in 215 patients. A contrast enhanced CT/ CTA
was performed. Mean interval to imaging was 10 months (range 3 days to 15 months).
Results: A complication rate of 25% was noted in patients undergoing imaging following
cholecystectomy. Gallbladder bed or perihepatic collections were seen in 11.9% cases (n=103).
Intrahepatic biliary radicle dilatation (IHBRD) was seen in 7% patients (n=60). Isolated right
or left ductal dilatation was seen in 9 patients; rest of the patients had bilateral IHBRD.
Cholangitic abscesses and mild acute pancreatitis were seen in 11 (1.2%) and 12 (1.3%)
patients respectively. These comprised biliary complications. Venous thrombosis involving
the portal vein was the most frequently encountered vascular complication (n=12). Right
hepatic artery pseudoaneurysm was seen in two patients. Less common complications were
abdominal wall hematoma (n=2), incisional hernia (n=6), port site hernia (n=2), large bowel
injury (n=1), biliocutaneous fistula (n=1) and enterocutaneous fistula (n=1).
Conclusion: CT allows classification of post cholecystectomy complications and guides
further management. CTA provides an efficient road map for management of vascular
complications.
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Introduction
Cholecystectomy is one of the most commonly performed major
1

surgical procedures. There has been a trend shift towards
laparoscopic cholecystectomy as the procedure of choice in
© Tropical Gastroenterology 2015

gallstone disease.2 Complications and their rates are somewhat
different between laparoscopic and open cholecystectomy.
Every step of laparoscopic cholecystectomy may potentially
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lead to complications.3 Complications in open cholecystectomy
are mostly related to dissection in the gallbladder bed. Biliary

abdominal complaints (pain, distension and constipation), fever,
jaundice or suspected vascular injury. Those with equivocal

injury, vascular injury, retained gallstones, and abscess
formation are some of the common complications in both types

findings on US also underwent CT. These patients underwent
CECT abdomen from December 2012 to August 2014. The clinical

of cholecystectomies. Biliary complications are reported to be
more common with laparoscopic cholecystectomy.4

data and imaging files of these patients were retrieved from our
database. There were 645 patients with normal CT scans. A

Early and precise diagnosis of post cholecystectomy
complications is integral to management of patients with

total of 215 patients with abnormal CT scans finally entered
the analysis.

cholecystectomies. Imaging plays a crucial role in this respect.
Abdominal ultrasound (US) is often the first imaging technique

Imaging Technique

employed in this setting.5 Invariably US findings need to be
supplemented with additional imaging techniques.6 CT is a

Imaging was performed on three multidetector CT scanners

robust imaging modality as it provides good evaluation of
suspected biliary and vascular injuries.6 However, evaluation

(Somatom Sensation 16; Somatom Definition Flash; Philips iCT).
CTA was performed in patients with suspected vascular injury.

of biliary injuries benefit from additional techniques including
magnetic resonance cholangiopancreatography (MRCP),

CECT was performed with 100 mL of non-ionic intravenous
contrast (OMNIPAQUE TM 300, Iohexol, GE Healthcare,

endoscopic retrograde cholangiopancreatography (ERCP),
percutaneous transhepatic cholangiography (PTC) or hepatic

Princeton, U.S.A.) injected via 18 G cannula in the cubital fossa
of upper limb. The intravenous injection was achieved with a

scintigraphy.7 CTA provides an accurate evaluation of vascular
anatomy and complications.8 Previous studies have described

pressure injector at a rate of 2.5 mL/s. Imaging was performed
in the portal venous phase at 65 seconds from the start of

the role of imaging including CT and MRI in management of
post cholecytectomy complications.3,5-8 However, advances and

contrast injection and included the area from domes of
diaphragm to pubic symphysis. CTA was performed with 100

refinement in both the surgical technique and MDCT
technology prompted us to re-explore the issue of evaluation

mL of omnipaque injected with a pressure injector at a rate of
4.5 mL/s. Images were acquired using bolus tracking, with the

of post-cholecystectomy complications using MDCT as the
sole imaging modality.

region of interest (ROI) placed in the upper abdominal aorta,
and a trigger of 100 HU. The coverage for the arterial phase

The purpose of this study was to evaluate the role of MDCT
including CTA in the evaluation of post cholecystectomy

included T12-L3 vertebral body levels. The parameters for the
three CT scanners are given in Table 1. Analysis of images was

complications

done on workstations (Syngo®.via, Siemens; Brilliance TM
Workspace V2, Philips). Axial and multiple planar reformatted

Material and methods

(MPR) images were reviewed by two radiologists with 3 and 7
years’ experience in abdominal imaging. Maximum intensity

We conducted a retrospective study to evaluate post
cholecystectomy (laparoscopic as well as open) complications

projections (MIPs) and volume rendered (VR) images were
reviewed for suspected vascular injury.

on abdominal contrast enhanced computed tomography
(CECT). The study was approved by the local ethics committee.

Analysis of CT images

A total of 860 patients who were referred to our department
with a history of cholecystectomy were included. CT is not

The following complications were evaluated: 1) fluid

routinely performed in all patients following cholecystectomy.
The indication of imaging was the persistent post-operative

collections/ hematoma [classified based on their location into
perihepatic, GB fossa (or subhepatic), abdominal wall,

Table 1:

CT parameters

CT scanner
Somatom Sensation 16
Somatom Definition Flash
Philips iCT

Detector
configuration
16X1.5
128X0.6
128X0.65

Pitch
0.5
1.2
0.993

Rotation
time (s)
0.5
0.5
0.5

KVp

Effective mAs

FOV (mm)

Matrix

120
100
120

Variable (CARE 4D)
Variable (CARE 4D)
Variable (iDose)

372
347
350

512
512
512
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intraperitoneal (at other sites) or peritonitis]; 2) liver abscesses;
3) intrahepatic biliary radicle dilatation (IHBRD) (further

any other intervention prior to imaging [viz. pigtail drainage of
collections, ERCP with or without stenting, surgical history

classified as bilateral or right or left), since IHBRD can be a
normal post-operative finding, it was included as a complication

(hepaticojejunostomy/ hepaticoduodenostomy)] and
availability of other imaging data .

only when there was a biochemical correlate (raised bilirubin,
alkaline phosphatase); 4) dilatation of common bile duct (CBD)

Results

with level of obstruction and cause of obstruction (classified
into stricture or calculus). Similar to IHBRD, CBD dilatation

A total of 215 CT studies (including 160 CECT and 55 CTA)

was considered pathological only in the light of biochemical
correlation, else it was excluded; 5) vascular complications

were evaluated. A majority of the abnormal studies were
acquired on Somatom Definition Flash; Philips iCT (n=190).

(classified into arterial and venous, arterial complication were
further segregated into pseudoaneurysm and arterial

There were 173 females and 62 males. The mean age was 48.7
years (range 12-80). Mean interval to imaging was 10 months

narrowing/ thrombosis); 6) suspected malignancy 7) incisional
hernia or port site hernia 8) suspected bowel injury.

(range 3 days to 15 months). However in the majority of patients
(n=180), imaging was performed in the first 3 months following

A fluid collection was defined as a well-defined hypodense
(HU 10-45) collection while a hematoma was defined as a well-

cholecystectomy. A total of 190 laparoscopic and 25 open
cholecystectomies were performed. The indication of

defined collection with HU more than 50. Peritonitis was present
when there was ascites with abnormal enhancement of the

cholecystectomy was gallstone disease (n=204), empyema
(n=4), chronic cholecystitis (n=4), xanthogranulomatous

peritoneum. Liver abscess was defined as an intraparenchymal
collection showing thick enhancing wall and relatively shaggy

cholecystitis(n=2) and GB perforation (n=1).
Pigtail drainage for collections/ liver abscesses was

margins. IHBRD was present when the intrahepatic biliary
radicles measured more than 3 mm in calibre. CBD dilatation

performed in 32 patients. History of ERCP with or without
stenting was present in 27 patients. Hepaticojejunostomy/

was defined as CBD calibre more than 10 mm (irrespective of
the age of patient). The level of obstruction was classified into

hepaticoduodenostomy were performed in 7 patients for
anastomotic stricture.

suprapancreatic or intrapancreatic. A stricture was defined by
smooth tapering of the CBD (examined on axial and coronal

A majority of the patients (n=165) had US examination prior
to (n=130) or immediately following abdominal CT (n=35).

reformatted images) without any obvious hyperdensity or
intraluminal contents. A calculus on the other hand was

Magnetic resonance imaging (MRI) was performed in 48
patients prior to and 30 patients following referral for CT for

identified as a rather abrupt end of the dilatation with
hyperdense intraluminal contents, HU 30-60). A

suspected biliary injury/ obstruction. However, neither US nor
MRI findings were evaluated in the current study. This was

pseudoaneurysm was identified by a globular configuration
with attenuation similar to adjacent normal arterial structure in

due to the lack of uniform interval, equipment and operators
for these examinations.

arterial as well as venous phase. Arterial narrowing was defined
by an abrupt change in calibre of the arterial structure. Similarly,

We analysed the complications as biliary, vascular and
other.

occlusion was considered present when an arterial structure
could not be followed beyond a certain point. Incisional hernia

Biliary complications were divided into biliary leaks and
biliary strictures. Biliary leaks were suspected on the basis of

and port site hernia were respectively defined by herniation of
omental fat or bowel loops through the incision (open

fluid collections. In total, we found 103 fluid collections. A
majority of these were located in the gallbladder bed or the

cholecystectomy) and access port (laparoscopic
cholecystectomy). Bowel injury was suspected on the basis of

subhepatic location (Figure 1). The mean size of the gallbladder
bed collection was 5 cm (range 2.5-12 cm). The next most

abnormal focal thickening of a bowel loop, extraluminal air in
contiguity to an abnormally thickened loop or identification of

common site for collections was perihepatic location (n=31).
The collections in the perihepatic location were larger with

extraluminal orally administered contrast.
Clinical evaluation: Clinical history included type of

mean size of 8.7 cm (range 2-20 cm). Of the 103 collections, 58
were found on CT performed in the first week following surgery.

cholecystectomy (open vs. laparoscopic), interval between
cholecystectomy and referral for CT examination, history of

Of these, 35 collections were less than 5 cm and were expected
to resolve spontaneously. Follow up US confirmed the
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resolution of collections in 28 patients. In 7 patients, no follow
up imaging was available. In 45 patients with persistent

and stricture at hepaticojejunostomy (n=6) and
hepaticoduodenostomy sites (n=1). CBD calculi were detected

collections (mean CT interval 4 weeks), bile leak was suspected.
In 21 patients, the diagnosis of bile leaks was confirmed based

in 17 patients. Biliary strictures were a relatively common
complication. In 9 patients, there was isolated right (n=6) or

on other imaging modalities (viz. MRCP, ERCP, nuclear scans)
and was managed by stenting (n=17) and surgery (n=4). We

left IHBRD (n=3) due to strictures involving secondary
confluence. Mean interval to imaging in patients presenting

encountered one case of biliary peritonitis.
We found IHBRD in 60 patients. Of these the majority had

with biliary strictures was 7 months (mean 2.5-14 months).
Cholangitic abscesses secondary to biliary stricture were found

bilateral IHBRD (n=51) and the underlying cause was a hilar
stricture in 15 (Figure 2), suprapancreatic CBD stricture in 8

in 11 patients (Figure 3). Mild acute pancreatitis was detected
in 12 patients.
Vascular complications were relatively less common.
Venous thrombosis was the most common complication (n=18)
in our study. PV thrombosis was seen in 12 patients (Figure 4).

Figure 1:

Figure 2:

Axial contrast enhanced CT image shows a collection in
the GB fossa (arrow) with air foci within. Air in the
abdominal wall (short arrow) is suggestive of postoperative status.

Axial contrast enhanced CT image shows dilatation of
right and left ductal system (arrows). The site of stricture
in this patient was found to be at the level of hilum.

Figure 3:

Axial non-contrast CT image shows ill-defined hypodense
lesions in the right lobe of liver with air-debris level
(arrows).

Figure 4:

Coronal reformatted contrast enhanced CT image shows
filling defect within the main portal vein (arrow) with
multiple collateral vascular channels (short arrows).
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Table 2: Summary of post cholecystectomy complications
Complication

Figure 5:

Coronal reformatted arterial phase maximum intensity
projection (MIP) image shows a small globular contrast
filled out pouching (arrow) suggestive of pseudoaneurysm
arising from the right hepatic artery. In addition, there is
a collection in the liver (short arrow) and sub hepatic
collection (thick arrow).

Fluid collections
• Subhepatic/ perihepatic
• Ascites
• Right pleural effusion
• Left pleural effusion
• Bilateral pleural effusion
Intrahepatic biliary radicle dilatation
• Total
• Bilateral
Strictures
• Hilar
• Suprapancreatic CBD
• Hepaticojejunostomy/hepaticoduodenostomy
Vascular complications
Venous
• Total
• PV thrombosis
Arterial
• Total
• Right hepatic artery attenuation/ occlusion
• Pseudoaneurysm
Other complications
• Abdominal wall hematoma injury
• Incisional/ port site hernia

Number (n)
215 of 860 cases
103 (11.9%)
13 (1.5%)
18 (2.09%)
19 ( 2.2%)
14 (1.6%)
60 (6.97%)
51(5.9%)
15 ( 1.7%)
8 ( 0.9%)
7 (0.8%)

18 (2.09%)
12 (1.3%)
7 (0.8%)
6/ 3
2 (0.2%)
2 (0.2%)
6/2

Of these, 2 patients had isolated right portal vein thrombosis.
Splenic vein and SMV thrombosis were found in 3 patients

Discussion

and 1 patient, respectively. Arterial complications involved only
the right hepatic artery. Attenuated right hepatic artery was

Laparoscopic cholecystectomy is the procedure of choice for

seen in 6 patients. Three patients had occlusion of right
hepatic artery. Pseudoaneurysm of the right hepatic artery was
detected in two patients (Figure 5). Mean interval to imaging
in patients with venous thrombosis was 3 months (mean 1 to
10 months).
Other complications included abdominal wall hematoma
(n=2), incisional hernia (n=6), port site hernia (n=2), large bowel
injury (n=1), biliocutaneous fistula (n=1) and enterocutaneous
fistula (n=1). Right pleural effusion was seen in 18 and left
pleural effusion in 19 patients. Bilateral effusion was seen in 14
patients. Ascites was present in 13. Nine patients had both
pleural effusion and ascites. The various complications are
summarised in Table 2.
No significant difference in the biliary and vascular
complications was noted between the open and laparoscopic
cholecystectomy group. Complications that were noted in the
laparoscoic cholecystectomy group included port site hernia
and abdominal wall hematoma.

gall stone disease.2 The advantages over open cholecystectomy
include a shorter hospital stay and shortened recovery
periods. 9 Even in the present era when laparoscopic
cholecystectomy has become the gold standard, open
cholecystectomy is still performed either as a primary procedure
or as a conversion procedure. The latter is more common and
indications of conversion of laparoscopic to open
cholecystectomy include inflammation, adhesions and difficult
anatomy.10 Complications and their rates differ between the
two types of operations. Complications are associated with
virtually every step of the procedure in laparoscopic
cholecystectomy.3 Common complications in both types of
procedures include biliary injury, vascular injury, retained
gallstones, and abscess formation.11 Biliary complications are
reportedly more common inlaparoscopic cholecystectomy.4 This
is particularly true for the less experienced surgeon.12 However,
complication rates are comparable for experienced operators.
This difference was not statistically significant in the present
study. This could be attributed to an overall lower rate of open
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cholecystectomy and local expertise with both the techniques.
Early diagnosis must be made to reduce morbidity and

The most common pattern is dilatation of ducts in both lobes;
however, isolated dilatation of ducts in a single lobe is also

prolonged hospital stay. Imaging plays an important role. US,
CT, MRCP, ERCP, PTC and hepatobiliary scintigraphy are the

possible.19 We also found a similar trend with bilateral IHBRD
in 23% patients and isolated right and left IHBRD in 2.7% and

potential imaging modalities employed in these patients.
Ultrasonography is the initial investigation performed in patients

1.8% patients respectively. However, if there is no biliary
dilatation, these may go unrecognised. Several studies have

suspected of developing post cholecystectomy complications.5
MRCP, ERCP and PTC are mainly used for biliary

evaluated the role of CT in demonstration of biliary strictures.
Most of these studies have included the post orthotopic liver

complications.7 ERCP and PTC are invasive and employed when
MRCP is contraindicated or intervention is contemplated.

transplant (OLT) patients. Zoefp et al evaluated 75 patients
suspected with biliary injury following OLT using US, CT, MRI/

Hepatobiliary scintigraphy is used less frequently. Its main
role is to diagnose and localise bile leak.13,14 Although not

MRCP and ERCP. They reported a sensitivity and specificity
of 40% and 57.1% (compared to 71% and 25% for MRI) for

effective as an independent modality, particularly in evaluation
of patients with biliary complications, CT provides a good guide

anastomotic site stricture and sensitivity of 83.3% (compared
to 88.9% for MRI) for ischemic type biliary lesions.20 Rosch et

to further imaging. CT, however, is quite effective in diagnosing
vascular complications, abscesses and other rarer

al compared the diagnostic accuracy of ERCP, MRCP, CT and
EUS in biliary strictures. Fifty patients, including 17 with benign

complications. It has the advantage of easy availability and
shorter procedure time. Previous studies have described the

strictures, were studied. A sensitivity and specificity of 85%/
75% for ERCP/PTC, 85%/71% for MRCP, 77%/63% for CT, and

role of imaging including CT and MRI in managing
postcholecytectomy complications. 3,5-8,16 However, advances

79%/62% for EUS was reported for prospective diagnosis of
malignancy.21 Muraoka et al reported three cases where thin-

and refinement in both the surgical technique and MDCT
technology prompted us to re-explore the issue of evaluation

slice CT was utilised for demonstration of biliary stricture
following abdominal trauma.22 The suprapancreatic portion of

of post-cholecystectomy complications using MDCT as the
sole imaging modality.

the common bile duct was detected in all cases. Zeman et al
demonstrated the role of 3-D helical CT in the evaluation of the

Bile duct injury often goes unrecognized at the time of
surgery.15,16 The rate of biliary injury ranges from 0.2% to 7% in

site and length of stricture in 6 patients. The results were
compared with those of ERCP and PTC. They found a good

laparoscopic compared to 0.2-0.4% following open
cholecystectomy.4 Acute injuries manifest as leaks, whilst

correlation between these modalities and CT. They concluded
that 3-D CT is useful in surgical planning.23 Based on the results

chronic injuries lead to strictures. In the acute phase, CT shows
perihepatic fluid collections or free intraperitoneal fluid.

of ERCP, we found a sensitivity and specificity of 85%/65% for
detecting of biliary strictures. Besides strictures, biliary

However, fluid collections in the surgical bed are common,
occurring in up to 14% of patients.17 These tend to resolve

dilatation can also result from retained gallstones, papillary
stenosis or biliary dyskinesia.24 Stones are visible on CT only

spontaneously. We found a comparable incidence of such
collections (16%). Biliary leak should be suspected when a

if they have a differential density compared to bile.25 Kim et al
conducted a study to assess the pattern and detectability of

collection persists for more than 1 week or occurs outside the
gallbladder bed. 18 Kirks et al evaluated the role of CT

biliary stones on CT. In a study of 191 patients, CT showed a
sensitivity of 85.4% compared to ERCP. They concluded that

cholangiography in the detection and localisation of suspected
bile leaks. Over a period of 9 years, the authors evaluated 20

the detectability of CBD stone depends on the type and size of
stone. The size cut-off was 5mm.26 Thus, contrary to popular

patients with suspected bile leaks. Seven patients underwent
CT cholangiography as the primary imaging modality. A pre-

thinking, CT shows moderate sensitivity and specificity in
detecting biliary strictures and stones. No large studies,

operative diagnosis of bile leaks based on CT cholangiography
was established in 6 patients and excluded bile leak in 1. In the

however, are available in the post-cholecystectomy setting.
We found CBD stones as a cause of CBD dilatation in 8%

present study, no CT cholangiography studies were performed.
Following cholecystectomy, strictures result from misplaced

patients. However, our results are limited by lack of ERCP
confirmation in all cases. It can be anticipated that despite

clips or thermal injury during cautery. Strictures are seen on
CT as IHBRD with focal smooth narrowing of the bile duct.

being inferior to MRCP and ERCP in its diagnostic performance,
CT answers several issues unlike the former two and is easily
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applicable in emergency setting. Thus it can act as a one-stop
shop in evaluation of post-cholecystectomy complications. It

insertion.35 The reported incidence of bowel injury is between
0.14 and 0.35%.36 A similar incidence for these rare complications

may guide further appropriate evaluation.
Vascular complications during

laparoscopic

was found in our study. Additionally, we report one case each
of biliocutaneous and enterocutaneous fistulas.

cholecystectomy most frequently involve the gallbladder fossa
or the abdominal wall.27 These complications are secondary to

In conclusion, CT is a robust imaging tool in evaluation of
patients following cholecystectomy. It allows precise detection

trocar insertion.28 During trocar insertion, small abdominal wall
vessels (most commonly inferior epigastric vessels) may be

of virtually all possible complications with the advantage of
easy availability and shorter imaging time.

injured, leading to abdominal wall hematoma. Less commonly
mesenteric vessels may be injured producing a mesenteric
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