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Background
Compared with open cholecystectomy, the frequency of iatrogenic bile duct
damage (bile duct injury) has almost doubled as laparoscopic cholecystectomy
(LC) has become more prevalent. The authors aimed to analyze the prevalence of
postcholecystectomy vasculobiliary injury and its influence on illness and death.
Methods
Medical records were reviewed on 50 consecutive patients with iatrogenic bile duct
injuries from either open or laparoscopic cholecystectomy who were treated at the
National Liver Institute, Menoufia University between January 1, 2020 and October
31, 2022.
The medical records were examined for patient demographics and preoperative
and postoperative clinical scenarios, which included symptoms, operative
procedures, diagnostic methods, operative repairs, length of ICU and Hospital
stays, postoperative follow-up, short- and long-term complications, need for
radiographic or operative revision, and patient mortality.
Results
The studied patients were allocated into two groups, according to presence of
concomitant vascular injury; group A: cases did not develop concomitant vascular
injury, group B: cases developed concomitant vascular injury. Vascular injury was
significantly elevated in males than those without vascular injury (P=0.027). There
were no significant variance among the studied groups as regard Hospital stay and
ICU admission. There was no significant variance among the studied groups as
regard short-term complications. There was a significant variance among the
studied groups as regard long-term complications (P=0.003). Right lobe atrophy
was significantly elevated in vascular injury cases than those without vascular
injury.
Conclusions
Concomitant vascular injury postcholecystectomy prevalence was significantly
associated with long-term complications; right lobe atrophy was significantly
elevated in vascular injury cases than those without vascular injury.
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Introduction
Iatrogenic biliary injuries during cholecystectomy are a
major surgical complication that may have catastrophic
effects, including an elevated risk of premature
mortality [1,2].

Due to the increasing use of laparoscopic
cholecystectomy (LC), iatrogenic bile duct injury
(BDI) frequency has almost doubled when compared
with open cholecystectomy [3,4].

In order to define the type of BDI, several
classifications of BDI have been proposed, but none
is universally accepted as each of them has its own
limitation. Patient’s condition, timing of recognition of
injury, and the presence of sepsis are not accounted in
these classification systems. Among them, Bismuth’s
Wolters Kluwer - Medknow
classification and Strasberg’s classification are most
commonly used by clinicians [5].

Given that BDI sustained during LC is reported to
happen more proximally than during open
cholecystectomy and that mistaken identity of the
anatomy is not restricted to the biliary tree, an
elevated concomitant hepatic artery injury (HAI)
frequency can be predicted [6,7].

HAI may follow BDI, with the most frequent injury
type including the right hepatic artery (RHA) in
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Figure 1

Magnetic resonanace cholangiopancreaticography show iatrogenic
bile duct injury strasberg class E2.
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conjunction with a debridement damage of the
common hepatic duct, owing to the closeness of the
artery and duct [6,8].

Although concurrent bile duct and hepatic artery
damage is an increasingly reported consequence of
LC, the clinical significance of concurrent vascular
injury remains unclear. In healthy individuals,
interruption of the hepatic artery flow is often easily
tolerated. The well-described vulnerability of the bile
duct to ischemia damage may lead to the higher
incidence during biliary reconstruction [9,10].

It is difficult to determine the HAI prevalence in
relation to BDI, since few papers on BDI cover the
issue and the majority of series feature highly chosen
case groups in the setting of BDI. In addition, it is
sometimes challenging to evaluate the state of the
RHA during procedures to treat a BDI, since the
RHA is frequently engaged in an inflammatory
process due to bile leakage, tissue injury, and
infection. In addition, regular vascular imaging is
seldom done during the evaluation of such accidents.
Therefore, the frequency of vascular damage is most
likely understated [11,12].

RHA damage was a major predictor of biliary
reconstruction poor long-term patency because
stricture development following biliary
reconstruction is more prevalent in individuals with
an associated RHA injury than in those without
vascular injury [13,14].
Figure 2

Computed tomography hepatic angiography show interruption of
right hepatic artery.
Patients and methods
Medical records were reviewed on 50 consecutive
patients with iatrogenic bile duct injuries from either
open or LC who were treated at the National Liver
Institute-Menoufia University between January 1,
2020 and October 31, 2022.

The medical records were examined for patient
demographics and preoperative and postoperative
clinical scenarios, which included clinical
presentation, classification of BDI according to
Strasberg classification either by magnetic
resonanace cholangiopancreaticography (MRCP) or
endoscopic retrograde cholangiopancreatography
(ERCP), operative procedures, diagnostic methods,
time of intervention classified into immediate
(during the first 72 h), intermediate (between 72 h
and 1.5 months) and late (after 1.5 months),
operative repairs, length of ICU and Hospital stays,
postoperative follow-up, short- and long-term
complications, need for radiographic or operative
revision, and patient mortality.

Multiple diagnostic methods were used to define
biliary injuries, including surgical recognition, ERCP
and percutaneous transhepatic cholangiography, and
MRCP (Fig. 1). Arterial injuries were identified
intraoperatively or defined by hepatic arteriograms
(Fig. 2). Primary management, defined as all
therapeutic interventions performed after recognition
of bile duct injuries, included surgical intervention,
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endoscopic or percutaneous transhepatic dilation, and
stenting. Failed interventions were defined by either
biliary obstruction or recurrent cholangitis associated
with a radiographically defined biliary stricture.

Surgical management of BDI involve identification of
the common hepatic duct either at the proximal
common hepatic duct or at the level of the hepatic
duct confluence. All fibrotic material was excised, and
Roux En Y biliary-enteric anastomosis was performed
using 5–0 absorbable monofilament sutures Fig. 3.

Surgical management of vascular injury involve either
reconstruction, repair of injured vessel if diagnosed
intraoperative or trial of reconstruction of ligated
vessel if diagnosed later.

All patients were followed as outpatients. Management
failures were defined as patients requiring further
invasive procedures to correct either biliary
obstruction or recurrent episodes of cholangitis.
Once identified, these patients were studied by
percutaneous transhepatic cholangiography, and,
when applicable, angioplasty or stenting was
implemented. Surgical revision was reserved for
radiologic treatment failures.

All data are presented as mean±SD. Statistical analyses
were performed using the t test (two-tailed, unpaired)
and χ2 analysis. Statistical significance was set at
P<.05.
Results
As regard demographic data, these patients were 36
females (72%) and 14 males (28%) with total mean age
Figure 3

Preplaced sutures at cut end of CBD.
of (41.34±13.38 years) (range, 22–70 years). On all,
12% cases had diabetes mellitus (DM), 8% cases had
cardiac diseases, 6% cases were hypertensive, 4% cases
had hepatitis C virus (HCV), 2% cases were cirrhotic,
and 2% cases were epileptics.

As regard preoperative data, 60% cases were presented
as bile leak, 40% cases had jaundice and 28% cases had
abdominal pain. Twelve percent cases had
intraoperative bleeding, 4% cases had fever, 2% cases
had cholangitis, and 2% cases had hematemesis. Open
cholecystectomy was done for 58% cases while 42%
cases underwent LC. Thirty-two percent cases had
type E2, 26% had type A, 22% had type E1, 8%
had type C, 6% had type E3, 4% had type D and
2% had type B. Out of those ten cases, three cases had
ligated RHA, three cases had main portal vein injury,
three cases had RHA pseudoaneurysm and one case
had right portal vein injury. Concomitant vascular
injury was detected in a mean duration of 8.0±7.19
days with range from 1 day to 30 days. There were four
cases detected intraoperatively while six cases were
detected later by computed tomography hepatic
angiography.

As regard management procedures of BDI, Roux En Y
HJ was the most frequent technique, that was done in
22 cases followed by ERCP and stent which was
performed in 15 cases, redo hepaticojejunostomy in
six cases, end to end anastomosis of BD over stent in
two cases, ligation of aberrant right hepatic duct in one
case, external biliary diversion in one case, CBD
exploration, and T Tube drainage in one case and
right hepatectomy in one case.

As regard management procedures of concomitant
vascular injuries, four cases were diagnosed
intraoperative while then remaining six cases were
diagnosed later, repair of side wall injury of main
portal vein in three cases, repair of right portal vein
in one case, ligation of RHA pseudoaneurysm in two
cases.

It was reported that 12 (24%) of studied cases were
admitted to ICU. Hospital stay was 10.55±4.94 days
with range from 3 to 30 days.

As regard short term outcome of management, chest
infection was the most common complications
reported in 10% cases, 6% cases had wound
infection, and 4% cases had sepsis. One case had,
anastomotic leak, one had bile leak, one had deep
venous thrombosis (DVT), one had liver abscess,
and one had wound dehiscence.



Impact of concomitant vascular injury Sallam et al. 505
As regard long term outcome of management,
anastomotic stricture was the most common
complications reported in 12% cases Fig. 4, and
right lobe atrophy in 4% of cases, common bile duct
(CBD) stricture in 4% of cases. Two (4%) of studied
patients died Table 1.

The studied cases were allocated into two groups,
regarding presence of concomitant vascular injury;
group A: cases did not develop concomitant vascular
injury, group B: cases developed concomitant vascular
injury. Vascular injury was significantly elevated in
males than those without vascular injury (P=0.027)
Table 2.
Discussion
In our research, as regard demographic data of the
studied cohort, we found that the age of patients
ranged from 22 to 70 years with mean age±SD being
41.34±13.38 years.Most caseswere females (72%)while
there were 14 (28%) males. Regarding comorbidities,
12% cases had DM, 8% cases had cardiac diseases, 6%
cases were hypertensive, 4% cases had HCV, 2% cases
were cirrhotic, and 2% cases were epileptics.

Comparable with our results Hafeez Bhatti et al. [15],
who found the median age was 39 (20–80) years with
the majority of females (male:female ratio was 1:5.5).
Figure 4

MRCP show anastmotic stricture.
Regarding clinical presentation among the studied
group, it was found that 60% cases were presented
as bile leak, 40% cases had jaundice and 28% cases had
abdominal pain. Twelve percent cases had
intraoperative bleeding, 4% cases had fever, 2% cases
has cholangitis, and 2% cases had hematemesis.

In agreement with the current study Hafeez Bhatti
et al. [15], demonstrated that the most frequent
manifestations were jaundice and abdominal pain
followed by bile in drain. They also found that the
presenting symptoms were non significantly associated
with vascular injury.

Also, Gad et al. [16], found that the most common
presentations were bile from drain 21 (30.4%), Jaundice
16 (23.2%), discovery during cholecystectomy 14
(20.3%), and Cholangitis 12 (17.4%). They also
found that the clinical presentation was non
significantly associated with early or late
postoperative morbidity.

Regarding the type of cholecystectomy, we found that
open cholecystectomy was done for 58% cases while
42% cases underwent LC. In line with our research
Díaz-Martínez et al. [17], revealed that the majority of
cases (62%) had open cholecystectomy, whereas 27.9%
underwent LC, and only 10.1% underwent converted
cholecystectomy.

This research showed that concomitant vascular injury
was detected in a mean duration of 8.0±7.19 days with
Table 1 Distribution of patients as regard short and long term
outcome

Parameters Studied patients
(n=50) N (%)

Short term outcome

No 35 (70.0%)

Anastomotic leak 1 (2.0%)

Bile leak 1 (2.0%)

Chest infection 5 (10.0%)

DVT 1 (2.0%)

Liver ischemia and multiple abscesses 1 (2.0%)

Sepsis 2 (4.0%)

Wound dehiscence 1 (2.0%)

Wound infection 3 (6.0%)

Long-term outcome

No 40 (80.0%)

Anastomotic stricture 6 (12.0%)

CBD stricture 2 (4.0%)

RT lobe atrophy 2 (4.0%)

Yes 2 (4.0%)

Mortality

No 48 (96.0%)

Yes 2 (4.0%)
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range from 1 to 30 days. Also, Díaz-Martínez et al.
[17], showed that the bile duct was repaired after a
median of 84 (0-292) days.

As well, Gad et al. [16], revealed that in 20.3% cases, BI
was detected during cholecystectomy; however, in
44.9%, 26.1%, and 8.7%, BI was diagnosed in the
early (within 7 days after cholecystectomy),
intermediate (7 days–3 months), and late (beyond 3
months) postoperative periods, respectively.

In this research injury categorization for ducts
Strasberg’s categorization was used to classify BDI
as follow: 34% cases had type A, 32% had type E2,
22% had type E1, 6% had type E3, 4% had type D, and
2% had type B.

In addition, Gad et al. [16], showed that according to
Strasberg classification of injury there were E1 in 25
(36.2%), E2 in 32 (46.4%), E3 in 8 (11.6%), and E4 in
4 (5.8%). They also found that the Strasberg
classification was non significantly associated with
early or late postoperative morbidity.

In the current study there was 10 (20%) cases had
concomitant vascular injury. Out of those ten cases,
three cases had ligated RHA which was discovered
later during repair of BDI, three cases had main portal
vein artery which was discovered intraoperative, three
cases had RHA pseudoaneurysm, and one case had
right portal vein injury.

Comparable with our results, Gad et al. [16], showed
that there were 10% of patients had vascular injuries.
The most frequent injury was RHA ligated in 7.2%.
Table 2 Comparison between the two studied groups as regard sh

Group (A) No vascula
injury (No.=40) No. (%

Short term complications

No 26 (65.0%)

Anastomotic leak 1 (2.5%)

Bile leak 1 (2.5%

Chest infection 5 (12.5%)

DVT 1 (2.5%)

Liver ischemia and multiple abscesses 0 (0.0%)

Sepsis 2 (5.0%)

Wound dehiscence 1 (2.5%)

Wound infection 3 (7.5%)

Long- term complications

No 35 (87.5%)

Anastomotic stricture 5 (12.5%)

CBD stricture 0 (0.0%)

Right lobe atrophy 0 (0.0%)

*: significant as P value less than equal to 0.05.
In the current study Roux En Y HJ was the most
frequent technique, that was done in 40% cases
followed by ERCP and stent, which was performed
in 22% of the patients.

In addition, Mahasupachai et al. [18], revealed that HJ
is the most frequent operation, as it was done on 90%
cases. Ten percent of patients had primary T-tube
repair.

Roux-en-Y HJ is the mainstay of therapy for
complicated BDI.

In this research it was reported that 12 (24%) of studied
patients were admitted to ICU.

However, Díaz-Martínez et al. [17], revealed that due
to biliary peritonitis and pneumonia, only one case
(1.3%) needed a hospital stay in the ICU after surgery.

The higher rate of ICU admissions in the current study
may be due to the higher rate of comorbidities and
complications in our sample.

Regarding short-term complications among the
studied patients, it was found that chest infection
was the most common complications reported in
10% cases, 6% cases had wound infection, and 4%
cases had sepsis. One case had, anastomotic leak, one
had bile leak, one hadDVT, one had liver ischemia and
multiple abscesses, and one had wound dehiscence.

However, Díaz-Martínez et al. [17], revealed that in
short-term follow-up, cholangitis (11.4%) and bile
leakage (10%) were the most prevalent problems.
ort and long-term outcome

r
)

Group (B) Vascular
injury (No.=10) No. (%)

Test value P-value

9 (90.0%) X2=8.21 0.413

0

0

0

0

1 (10.0%)

0

0

0

5 (50.0%)

2 (20.0%) X2= 13.7 0.003*

1 (10.0%)

2 (20.0%)
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Regarding long-term complications among the studied
patients, it was found that long-term complications
among the studied patients. Anastomotic stricture was
the most common complications reported in 12% cases
and 4% cases had right lobe atrophy. One case had liver
ischemia and one had BD stricture. Also, Gad et al.
[16], revealed that the late biliary was 17.4%, in the
form of recurrent cholangitis 7.25%; where the initial
attacks developed at 9, 10, 20, 33, and 39 months from
definitive surgery, stricture 7.25%, which occurred at
20, 21, 22, 25, and 35 months from surgery, and both
stricture and recurrent cholangitis 2.9%, which
happened at 40 and 45 months from surgery.

Also, Hafeez Bhatti et al. [15], revealed that 90-day
illness was 25.7% and the complications were wound
infection in 17.6%, Pleural effusion in 5.2% and Sepsis
in 2.6% there were only 7.6% grade III and above
problems.

This research showed that hospital stay was 10.55±4.94
days with range from 3 to 30 days. However, Gad et al.
[16], demonstrated that hospital stay was 8.6±5.2 days.
While, Patrono et al. [19], revealed that hospital stay
was 14 (10–22) days.

This research showed that the mortality rate was two
(4%). Also, Stilling and colleagues, demonstrated that
postoperative illness was 36% and the 30-day death was
2%. But, Hafeez Bhatti et al. [15], demonstrated that
there were no mortalities.

Vascular injury was significantly elevated in males than
those without vascular injury. This was supported by
Booij et al. [20], who revealed that in multivariable
analysis male gender was the only independent variable
related with stricture formation. Contrary to our
findings, Hafeez Bhatti et al. [15], revealed that
there was no significant relationship among the BDI
incidence with vascular injury and gender, presenting
symptom, cholecystectomy and radiological
intervention. The disagreement may be because of
differences in sample size.

In this research, there was no significant variance
among the studied groups as regard hospital stay
and ICU admission. Also, there was no significant
variance among the studied groups as regard short term
complications.

Our results were supported by Sarno et al. [21],
revealed that cases with dual vascular damage
showed worse long-term results.
As well, Buell et al. [22], reported an elevated illness
rate, and worse long-term results in cases with vascular
injuries and simultaneous biliary.

Contrary to our findings, Gad et al. [16], showed that
vascular injury was non-significantly associated with
late complications. The disagreement with our results
may be due to the difference in sample size and
procedural details. Also, vascular injuries had no
impact late biliary finding postoperatively in Walsh
et al. [23], Sulpice et al. [24], Lubikowski et al. [25],
Keleman et al. [26], and Pulitano et al. [8].

Limitations: relatively small sample size, single center
research, follow-up was limited for relatively short
duration.
Conclusions
Concomitant vascular injury postcholecystectomy
prevalence was significantly associated with long-
term complications, right lobe atrophy was
significantly elevated in vascular injury cases than
those without vascular injury.
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