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Backgrounds/Aims: Routine execution of intraoperative cholangiography (IOC) in laparoscopic cholecystectomy (LC) is considered 
a good practice to help early identification of biliary duct injuries (BDIs) or common bile duct (CBD) stones. This study aimed to de-
termine the impact of IOC during LC.
Methods: This is a retrospective, monocentric study, including patients with a LC performed from January 2020 to December 2021.
Results: Of 303 patients, 215 (71.0%) were in the IOC group and 88 (29.0%) in the no-IOC group. IOC was incomplete or unclear in 
10.7% of patients, with a failure rate of 14.7%. Operating time was 15 minutes longer in the IOC group (p = 0.01), and postoperative 
complications were higher (5.1% vs. 0.0%, p = 0.03). There were three BDIs (0.99%), all included in the IOC group; only one was di-
agnosed intraoperatively, and the other two were identified during the postoperative course. Regarding identifying CBD stones, IOC 
showed a sensitivity of 77%, a specificity of 98%, an accuracy of 97.2%, a positive predictive value of 63% and a negative predictive val-
ue of 99%.
Conclusions: Systematic IOC has shown no specific benefits and prolonged operative duration. IOC should be performed on selected 
patients or in situations of uncertainty on the anatomy.
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INTRODUCTION

Laparoscopic cholecystectomy (LC) is one of the most com-
mon surgical procedures. Bile duct injury (BDI) is the most se-
vere complication, with an approximate rate of 0.4% to 1.5% [1,2]. 
Intraoperative cholangiography (IOC) allows the early identi-
fication of BDI and common bile duct (CBD) stones, which is 
essential to improve medical care. Several surgical associations, 

such as the French or Swedish ones, recommend systematic IOC 
performance to reduce the risk of BDI [3,4]. A recent meta-anal-
ysis confirmed the usefulness of this procedure [5].

Nevertheless, the consensus is not unanimous, the debate is 
always open, and the number of proponents who agree with se-
lective cholangiography has grown and continues to grow [6,7].

Five surgical societies (Society of American Gastrointestinal 
and Endoscopic Surgeons, Americas Hepato-Pancreato-Biliary 
Association, International Hepato-Pancreato Biliary Associ-
ation, Society for Surgery of the Alimentary Tract, and The 
European Association of Endoscopic Surgery) stated that the 
benefit of IOC in elective non-acute cholecystectomy was in-
conclusive. Therefore, no recommendation can be made for 
this procedure could. Nevertheless, IOC has been recommend-
ed in situations such as previous acute cholecystitis, uncertain-
ty of biliary anatomy, or BDI [8,9].

Likewise, the Italian recommendations, although acknowl-
edging the importance of IOC in recognizing and treating BDI 
in selected cases, only recommends its systematic use due to a 
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need for sufficient scientific evidence [10].
Furthermore, the European Association for the Study of Liv-

er does not recommend routine or selective execution of IOC 
in patients at low risk of CBD stones [11].

This study aimed to retrospectively evaluate the impact of 
IOC on patients undergoing elective LC at our hospital center.

MATERIALS AND METHODS

Study design and study population
This retrospective cohort study relies on data obtained from 

a prospectively maintained database of consecutive patients 
undergoing elective LC in the Grand Hopital de l’Est Francil-
ien, Meaux France from January 2020 to December 2021. The 
database includes preoperative, operative, and postoperative 
data. All patients in the study agreed to participate after pro-
viding fully informed consent for publication.

The inclusion criteria were as follows: adults aged over 18 
years and diagnosed with gallstones requiring surgical treat-
ment. An exclusion criterion was the need to perform cholecys-
tectomy in an emergency setting. A total of 303 patients were 
included in this study.

The study was approved by the Institutional Review Board 
of the Grand Hopital de l’Est Francilien (approval number: 
202203).

Preoperative evaluation and surgical technique
All patients underwent blood tests with a liver function test, 

abdominal ultrasound, and/or computed tomography scan.
In patients with significant hepatic impairment, a magnetic 

resonance cholangiopancreatography (MRCP) was performed, 
and, if necessary, an endoscopic retrograde cholangiopancrea-
tography (ERCP) was scheduled preoperatively. In case of a 
minor change in the liver blood test, three different responses 
were performed: preoperative MRCP, systematic IOC, or selec-
tive IOC, only in patients with worsening blood tests 48 hours 
before surgery.

303 Laparoscopic cholecystectomy
(2020 2021)

51 (16.8%) Patients
unscheduled for IOC

252 (83.2%) Patients
scheduled for IOC

37 (14.7%) Failure

88 (29.0%)
No-IOC

215 (71.0%)
IOC

Fig. 1. Flowchart of the study population. IOC, intraoperative cholangio-
graphy.

Table 1. Preoperative characteristics

Characteristic All patients (n = 303) IOC (n = 215, 71.0%) No-IOC (n = 88, 29.0%) p-value

Age (yr) 49 (16–89) 50 (18–89) 48 (16–86) 0.06
Male, sex 114 (37.6) 74 (34.4) 40 (45.5) 0.08
ASA score 0.20
   I 80 (26.4) 61 (28.4) 19 (21.6)
   II 182 (60.1) 125 (58.1) 57 (64.8)
   III 39 (12.9) 29 (13.5) 10 (11.4)
   IV 2 (0.7) 0 (0.0) 2 (2.3)
Previous surgery 97 (32.0) 72 (33.5) 25 (28.4) 0.20
Body mass index 28.90 ± 5.60 28.90 ± 5.65 28.90 ± 5.48 0.60
Surgical indication 0.60
   History of cholecystitis 107 (35.3) 75 (34.9) 32 (36.4)
   Hepatic colic 128 (42.2) 95 (44.2) 33 (37.5)
   Gallstones 29 (9.6) 21 (9.8) 8 (9.1)
   Pancreatitis 36 (11.9) 22 (10.2) 14 (15.9)
   Polyps 3 (1.0) 2 (0.9) 1 (1.1)
MRCP 64 (21.1) 37 (17.2) 27 (30.7) 0.01*
Preoperative CBD stones 33 (10.9) 20 (9.3) 13 (14.8) 0.20
Preoperative ERCP 31 (10.2) 19 (8.8) 12 (13.6) 0.20

Values are presented as mean (range), number (%), or mean ± standard deviation.
IOC, intraoperative cholangiography; ASA, American Society of Anesthesiologists; MRCP, magnetic resonance cholangiopancreatography; CBD, common 
bile duct; ERCP, endoscopic retrograde cholangiopancreatography.
*Statistically significant p < 0.05.
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LC was implemented according to the critical safety view de-
scribed by Strasberg and Brunt [12]. After dissecting of the cys-
tic duct in a standardized manner, and its partial section was 
performed using laparoscopic scissors, permitting the inser-
tion of a catheter and the injection of a solution 1:1 dilution of 
normal saline and iodixanol (Visipaque; GE Healthcare SAS). 
Biliary anatomy was visualized using a mobile C-arm machine 
equipped with an image intensifier (Siremobil Compact L; 
Siemens AG). Without additional personnel, the surgeon and a 
nurse performed IOC without assistance.

If IOC showed CBD stones, we performed cholecystectomy 
as planned and performed postoperative echoendoscopy with 
or without ERCP.

Statistical analysis
Statistical analysis was performed by dividing the study 

population into two groups based on the completion of IOC. 
Continuous variables are presented as mean ± standard de-
viation and compared using the Student’s t-test or unpaired 
Mann–Whitney test. Categorical variables are presented as 

numbers (percentages) and compared across groups using the 
χ2 test or Fisher exact tests. Furthermore, the sensitivity, spec-
ificity, positive predictive value, negative predictive value, and 
test accuracy were calculated by comparing the intraoperative 
results of IOC with the confirmed presence of lithiasis of the 
biliary tract. All statistical analyses were performed with SPSS 
software (Statistical Package for Social Science, IBM SPSS Sta-
tistics, version 23 for Macintosh; IBM Corp.).

RESULTS

Study population
303 elective LC were performed in our hospital center from 

January 2020 to December 2021: IOC was not scheduled in 
51 cases (16.8%). In 37 cases (12.2%), IOC was scheduled but 
failed, in 215 cases (71.0%), IOC was performed, planned, and 
realized. Finally, IOC was performed in 215 patients (71.0%) 
(IOC group), while not in 88 patients (29.0%) (No-IOC group) 
(Fig. 1).

Both groups were similar in preoperative variables and 

Table 2. Intraoperative and postoperative course

Variable All patients (n = 303) IOC (n = 215, 71.0%) No-IOC (n = 88, 29.0%) p-value

Trained surgeon 213 (70.3) 160 (74.4) 53 (60.2) 0.01*
Operative time 60 (35–210) 70 (45–210) 55 (35–130) 0.01*
Drainage 44 (14.5) 31 (14.4) 13 (14.8) > 0.99
Intraoperative complications 5 (1.7) 4 (1.9) 1 (1.1) > 0.99
   Bleeding 4 (1.3) 3 (1.4) 1 (1.1)
   Biliary injury 1 (0.3) 1 (0.5) 0 (0.0)
Conversion 3 (1.0) 2 (0.9) 1 (1.1) > 0.99
   Bleeding 1 (0.3) 0 (0.0) 1 (1.1)
   Biliary injury 1 (0.3) 1 (0.5) 0 (0.0)
   Adhesions 1 (0.3) 1 (0.5) 0 (0.0)
Ambulatory surgery 203 (67.0) 147 (68.4) 56 (63.6) 0.40
Hospital stay (day) 0.64 ± 1.74 0.75 ± 1.90 0.64 ± 1.17 0.20
30-Day postoperative complications 11 (3.6) 11 (5.1) 0 (0.0) 0.03*
   Bleeding 3 (1.0) 3 (1.4) 0 (0.0)
   Surgical site infections 2 (0.7) 2 (0.9) 0 (0.0)
   Biliary injury 3 (1.0) 3 (1.4) 0 (0.0)
   Collection 1 (0.3) 1 (0.5) 0 (0.0)
   Gallstones biliary disorder 2 (0.7) 2 (0.9) 0 (0.0)
Re-operation 5 (1.7) 5 (2.3) 0 (0.0) 0.30
   Bleeding 3 (1.0) 3 (1.4) 0 (0.0)
   Biliary injury 1 (0.3) 1 (0.5) 0 (0.0)
   Surgical site infections 1 (0.3) 1 (0.5) 0 (0.0)
Postoperative ERCP 9 (3.0) 9 (4.2) 0 (0.0) 0.06
   Programmed 7 (2.3) 7 (3.3) 0 (0.0)
   Non-programmed 2 (0.7) 2 (0.9) 0 (0.0)
90-Day biliary injury 3 (1.0) 3 (1.4) 0 (0.0) 0.50

Values are presented as number (%), mean (range), or mean ± standard deviation.
IOC, intraoperative cholangiography; ERCP, endoscopic retrograde cholangiopancreatography.
*Statistically significant p < 0.05.
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physical characteristics (Table 1). In the No-IOC group, more 
preoperative MRCP were performed (17.2% vs. 30.7%, p = 0.01). 
However, no differences were found in the detection of CBD 
stones (p = 0.2) or execution of a preoperative ERCP (p = 0.2; 
Table 1).

Operative data and IOC success rate
Trained surgeons performed IOC more frequently (74.4% 

vs. 60.2%; p = 0.01). Nevertheless, the IOC group had a longer 
operative time of approximately 15 minutes (70 min vs. 55 min,  
p = 0.01; Table 2).

The two groups were similar in terms of intraoperative com-
plications (1.1% vs 1.9%, p > 0.99) and conversion rate (1.1% vs. 
0.9%, p > 0.99; Table 2).

The IOC’s success rate is 85.3%. The leading causes of IOC 
failure were: (1) difficult cannulation of the cystic duct in 28 
cases (75.6%); (2) hilar inflammation in 7 cases (19%); (3) cystic 
duct avulsion in 1 case (2.7%); and (4) other causes in 1 case 
(2.7%).

IOC was defined as standard in 174 cases (80.9%) and abnor-
mal in the remaining 41 cases (19.1%). The main causes of ab-
normalities were: (1) an incomplete cholangiogram in 21 cases 
(51.2%); (2) CBD stones in 11 cases (26.8%); (3) CBD dilation 
without stones in 5 cases (12.2%); (4) unclear IOC in 2 cases 
(4.9%); and (5) anatomical anomalies of the biliary tree for two 
patients (4.9%).

Bile duct injuries
Three BDI were identified, in the IOC group (1.4%): one 

during surgery and two in the postoperative course.
The first injury was detected in a sclerotic gallbladder patient 

during cystic duct dissection. The IOC showed an incomplete 
cholangiogram requiring conversion to open surgery and pri-
mary repair.

A second patient had biliary peritonitis two days after LC 
despite normal IOC, requiring laparoscopic surgical drainage, 
followed by ERCP and endoscopic biliary stent placement.

Finally, a third patient developed a biliary stricture due to the 
placement of a clip on a tight cystic after the performance of 
IOC.

Residual biliary tract lithiasis and IOC accuracy
IOC identified 11 cases (5.1%) of suspected CBD stones. Four 

false-positive cholangiograms (IOC suggesting CBD stones, the 
postoperative ductal exploration did not find lithiasis) and two 
false-negative cholangiograms (normal IOC in patients with 
residual bile duct stones).

Overall, IOC had an accuracy of 97.2%, a sensitivity of 0.77 
(95% confidence interval [CI], 0.71–0.83), and a specificity of 
0.98 (95% CI, 0.95–0.99) for detecting CBD stones; its positive 
predictive value was 0.63 (95% CI, 0.56–0.70), and its negative 
predictive value was 0.99 (95% CI, 0.96–0.99; Table 3).

Postoperative course
No differences were observed between the two groups re-

garding ambulatory surgery rate success (68.8% vs. 63.3%, p = 
0.4), hospital stay (p = 0.2), and re-operation (2.3% vs. 0.0%, p 
= 0.3; Table 2).

Nevertheless, overall 30-day postoperative complications 
were increased in the IOC group (5.1% vs. 0.0%, p = 0.03) in-
cluding: (1) bleeding (1.4% vs. 0.0%); (2) surgical site infection 
(0.9% vs. 0.0%); (3) biliary injuries (1.4% vs. 0.0%); (4) collec-
tions (0.5% vs. 0.0%); and (5) postoperative biliary disorders 
(0.9% vs. 0.0%; Table 2).

DISCUSSION

In this study, we demonstrated that the failure rate of IOC 
was 14.7%, it was incomplete or unclear in more than 10% of 
cases, it had a sensitivity of 77% in diagnosing CBD stones, and 
IOC failed to detect two out of three BDIs. Moreover, IOC is 
associated with longer operative time and a higher cumulative 
complication rate.

Most surgeons in our center systematically perform IOC 
as recommended by the Fédération de Chirurgie Viscérale et 
Digestive. Indeed, among patients undergoing LC, 83.2% were 
scheduled for IOC. Our success rate was approximately 85.3%, 
confirming results reported in high volume centers (80.4%–
98.9%) [6]. On the contrary, according to our experience, 14.7% 
of IOC are not been completed, but this failure rate may in-
crease to 64% in small centers [13]. The main reason for failure 
is the difficult of introduction of cholangiography catheter 
into a small cystic duct. In our series, the patient had a case of 
cystic duct avulsion without significant consequences. Similar 
complications were reported by Amott et al. [13] and the BDI 
case concerning IOC executions. Therefore, the IOC has been a 
complicated process at times.

Another area for clarification about cholangiogram interpre-
tation is that it depends on the surgeon’s experience. Regarding 
BDI identification, IOC allowed us to identify only one case 
in our series, already strongly suspected by the surgeon. We 
had false-negative cholangiograms and biliary duct stricture 
after normal IOC. Fletcher et al. [14] showed that anatomy was 
correctly interpreted in less than 25% of IOCs BDI occurred. 
Rhaiem et al. [15] suggested performing a systematic MRCP 
before planning LC to identify “dangerous” anatomic varia-
tions and prevent BDI. In theory, this is a desirable solution. 

Table 3. Comparing results of intraoperative cholangiography (IOC) with 
biliary tract lithiasis

Variable IOC + IOC – Total

Lithiasis + 7 2 9
Lithiasis – 4 202 206
Total 11 204 215
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However, in actual practice, it is difficult to perform a preop-
erative MRCP procedure on every patient for several reasons: 
(1) there are still centers with difficult access to MRCP; and (2) 
specific skills are required for the interpretation of biliary anat-
omy on your own; moreover, in most cases, cholecystectomy 
is performed by surgeons without a real hepatobiliary surgical 
expertise.

To identify CBD stones, Ford et al. [6], in their systematic 
review of 8 randomized trials and 1,715 patients, found 24 
false-positive cholangiograms. Moreover, in the trials included 
in the systematic review, the use of IOC did not demonstrate 
any specific benefit in detecting CBD stones.

Consequently, our data and literature show that IOC inter-
pretation can be challenging to identify BDI or CBD stones.

In case of strong suspicion of CBD stones, we performed 
a preoperative MRCP. The no-IOC group had preoperative 
MRCP (30.7% vs. 17.2%), which allowed the identification of 
5% of patients with CBD stones. Our results, according to the 
literature, suggest that preoperative ERCP is an effective and 
safe tool for evaluating the biliary tree when CBD stones are 
suspected [16]. Nevertheless 10% to 20% of patients undergoing 
LC have CBD stones without clinical symptoms or laboratory 
abnormalities [17]. In this case, the systematic execution of IOC 
to identify CBD stones is useful. However, there is no unani-
mous, and the treatment of asymptomatic stones is unclear: the 
British Society of Gastroenterology recommends their system-
atic removal [18], suggesting a conservative approach, because 
of the risk for complications of ERCP [19].

More recently, two other surgical societies have joined forces 
against the systematic execution of the IOC [20,21]. The Insti-
tut de Recherche sur les Cancers de l’Appareil Digestif recom-
mendations on safe LC do not consider the implementation of 
formal IOC to prevent BDI due to sufficient robust scientific 
evidence; conversely, IOC is recommended to define unclear 
anatomy [20]. In this sense, the World Society of Emergency 
Surgery does not recommend the systematic implementation of 
IOC for the same reasons, and BDI may occur after IOC misin-
terpretation [21].

Rystedt et al. [5] address the recent meta-analysis that in-
cluded eight studies and more than two million patients. The 
risk of BDI was estimated to be 0.36% vs. 0.53% depending on 
whether IOC was routine or elective, respectively, suggesting 
that conventional IOC reduces the risk and prevents BDI in 
LC. However, several limitations are associated with this study: 
only significant but retrospectives articles were included, no 
randomized studies were analyzed, and the criteria of the se-
lected IOC were not adequately investigated.

A randomized study involving 371 patients failed to demon-
strate a real advantage of the systematic use of IOC in prevent-
ing BDIs or identifying CBD stones [7].

Indocyanine green f luorescence cholangiography (ICG-C) 
can be a valid alternative to IOC.

ICG-C can identify biliary tree anatomy without adding the 

additional time and expertise required for IOC [22].
In a randomized study, ICG-C was confirmed to be non-in-

ferior to IOC in identifying biliary anatomy during LC [23]. In 
another recent randomized study involving 639 patients, Dip et 
al. [24] reported that the use of ICG-C is statistically superior 
to classical vision in recognizing extrahepatic biliary struc-
tures. ICG-C appears to be a promising tool, but there are some 
limitations of its systematic use: (1) the need for an appropriate 
camera; (2) the optimal timing of ICG injection is still debated; 
(3) ICG-C may fill in certain types of patients, for example, due 
to visceral adiposity [22]. Nonetheless, the increasing use of 
fluorography in the colorectal and hepato-biliary surgery could 
make ICG-C more accessible in the near future.

Our series found a higher overall complication rate in the 
IOC group (5.1% vs. 0.0%, p = 0.03). One trial, including open 
cholecystectomies, reported significantly higher morbidity in 
the IOC group, and another study reported slightly higher sur-
gical site infection in the IOC group [25,26]. The morbidity rate 
related to IOC is not very detailed in the literature, and there is 
a lack of data [6].

This study has several limitations: retrospective and sin-
gle-center study, limited study population size, and procedures 
performed by young and highly trained surgeons.

In conclusion, routine implementation of IOC during elective 
LC increased operative time and overall postoperative morbid-
ity without demonstrating a real benefit in the early detection 
of BDI or CBD stones. The confounding of systematic or se-
lective use of IOC is still unresolved, and further randomized 
studies are needed.
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