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Abstract

Background Decades of debate surround the use of intraoperative cholangiography (IOC) during cholecystectomy. To the
present day, the role of IOC is controversial as regards decreasing the rate of bile duct injury (BDI). We aimed to review and
analyse the available literature on the benefits of IOC during cholecystectomy.

Methods A systematic literature search was performed until 19 October 2020 in five databases using the following search
keys: cholangiogra* and cholecystectomy. The primary outcomes were BDI and retained stone rate. To investigate the dif-
ferences between the groups (routine IOC vs selective IOC and IOC vs no I0C), we calculated weighted mean differences
(WMD) for continuous outcomes and relative risks (RR) for dichotomous outcomes, with 95% confidence intervals (CI).
Results Of the 19,863 articles, 38 were selected and 32 were included in the quantitative synthesis. Routine IOC showed no
superiority compared to selective IOC in decreasing BDI (RR=0.91, 95% CI 0.66; 1.24). Comparing IOC and no IOC, no
statistically significant differences were found in the case of BDI, retained stone rate, readmission rate, and length of hospital
stay. We found an increased risk of conversion rate to open surgery in the no IOC group (RR=0.64, C1 0.51; 0.78). The opera-
tion time was significantly longer in the IOC group compared to the no IOC group (WMD =11.25 min, 95% CI 6.57; 15.93).
Conclusion Our findings suggest that IOC may not be indicated in every case, however, the evidence is very uncertain.
Further good quality research is required to address this question.
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Abbreviations ERCP Endoscopic retrograde cholangiopancreatography
ASGE American Society of Gastrointestinal Endoscopy ESGE European Society of Gastrointestinal Endoscopy
BDI Bile duct injury 10C Intraoperative cholangiography

CBD  Common bile duct LC Laparoscopic cholecystectomy

CI 95% Confidence interval MBDI Major bile duct injury
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RCT Randomized clinical trial
RR Relative risk
WMD  Weighted mean difference

Cholecystectomy is one of the most frequently performed
surgical interventions. With the advent of laparoscopy, lapa-
roscopic cholecystectomy (LC) became the “gold standard”
for the treatment of cholecystolithiasis. It has undeniable
advantages over open cholecystectomy: reduced postopera-
tive morbidity, mortality and length of hospital stay, and
lower rate of pneumonia and wound infection [1]. Like any
surgical intervention, LC carries a risk of complications.
Major complications include bile duct injury (BDI), bowel
perforation, and vascular injury. Although rare, with an
incidence of 0.3% to 0.5%, BDI is a very serious complica-
tion of LC [2, 3]. BDI is associated with higher postopera-
tive mortality, morbidity, and decreased quality of life [4].
Several guidelines, meta-analyses, and systematic reviews
have been published aiming to provide recommendations
for prevention of BDI [4-13]. One of the most investigated
methods is intraoperative cholangiography (IOC), but vari-
ous alternatives (e.g. critical view of safety, laparoscopic
ultrasound, and fluorescent cholangiography) have been
examined. However, the quality of evidence is low in most of
the cases. Most of the literature agrees that IOC has its place
in daily practice. Still, due to the low level of evidence and
several contradictory articles [14—18], experts have reached
no solid consensus.

Advocates of IOC argue that its use during cholecystec-
tomy may reduce the risk of BDI by delineating unclear
or aberrant biliary anatomy, aid in intraoperative BDI
detection [14, 19], and facilitate perioperative bile duct
stone detection, thus decreasing the rate of readmission
for retained common bile duct (CBD) stones [13]. Some
studies have found that intraoperative detection and treat-
ment of BDI have a beneficial effect on morbidity and
mortality [10, 17, 20]. Advocates of IOC therefore sug-
gest a routine combination of LC and IOC. Opponents of
IOC argue that when performed routinely, it increases the
intraoperative detection of previously asymptomatic bile
duct stones. This may result in unnecessary management
of CBD stones since only a small percentage of preopera-
tively asymptomatic and intraoperatively missed bile duct
stones became symptomatic after surgery [21]. Further,
I0C is a time-consuming procedure, and both staff and
patients are exposed to radiation [14]. Hence opponents
suggest the omission of IOC.

Some authors support the idea of selective IOC arguing
that most CBD stones can be detected preoperatively, and
the incidence of BDI is low. [22, 23] IOC may therefore not
be necessary routinely, except when CBD stones are sus-
pected or in patients at high risk of BDI.

This systematic review and meta-analysis aims to revise
the available literature, thereby providing a comprehensive
summary of the topic and giving a better understanding of
the necessity of IOC. We identified relevant publications to
examine the benefits of routine use, selective use, and omis-
sion of IOC during cholecystectomy, and to compare these
strategies, especially in terms of BDI and prevention of CBD
stone-related complications.

Materials and methods

We report our systematic review and meta-analysis in line
with the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) Statement [24]. Our sys-
tematic review and meta-analysis protocol was previously
submitted to PROSPERO under the registration number
CRD42021240405. Besides analyses declared in the pro-
tocol, we performed a subgroup analysis, including only
randomized control trials (RCT) and prospective studies
investigating bile duct injury (BDI).

Search strategy

A systematic literature search was conducted up until 19
October 2020 in Embase, MEDLINE (via PubMed), the
Cochrane Central Register of Controlled Trials (CEN-
TRAL), Scopus, and Web of Science using the follow-
ing search keys: cholangiogra* and cholecystectomy. We
searched in all fields/all texts in every database, except in
Scopus where the “Article title, Abstract, Keywords” fields
were used. We did not apply any filters (e.g. language).

Selection strategy and eligibility criteria

Software and manual duplicate removal were performed
using Endnote X9 (Clarivate Analytics, Philadelphia,
PA, USA). The selection process was carried out by two
independent authors (BN and NK). The selection process
was conducted in stages of selection by title, abstract, and
full text. After each step of the selection process, Cohen’s
kappa coefficient was calculated to determine the agreement
between the two researchers. We removed all unrelated titles,
abstracts, and full texts. No report was excluded based on the
follow-up period; we only used studies where the follow-up
periods were equal or similar for the quantitative synthesis.
Grey literature was excluded from our review. Disagree-
ments were resolved by consensus.

The PICO framework was used to define the eligibility
criteria. We included articles where the population (P) con-
sisted of laparoscopic cholecystectomy or a mixed popu-
lation of open and laparoscopic cholecystectomies. Three
intervention (I)/comparison (C) groups were formed based
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on the available literature: IOC vs no IOC, routine IOC vs
selective IOC, and selective IOC vs no IOC. All the articles
were selected and analysed in which IOC vs no IOC strategy
was compared. In the routine IOC group, all the patients
received a cholangiography during the cholecystectomy.
We considered selective IOC if patients were selected for
I0C based on prespecified criteria (clinical, laboratory, or
imaging findings). As regards study type, only RCTs and
observational studies were considered eligible.

Outcomes

These groups were examined according to primary outcomes
(rate of perioperative bile duct injury and retained stone rate)
and secondary outcomes (readmission rate, rate of conver-
sion from laparoscopic procedure to open surgery, the suc-
cess rate of IOC, operation time (minutes), and length of
hospital stay (days)).

BDI was defined as “any tissue damage to the biliary sys-
tem as a result of surgery”. Retained stones were defined as
missed bile duct stones during cholecystectomy that were
discovered postoperatively.

Subgroup analysis

We performed the following subgroup analyses [1]: studies
comprising laparoscopic cholecystectomy cases exclusively
[2], prospective studies reporting on BDI, and [3] studies
involving major bile duct injury (MBDI). We defined MBDI
as an injury of the CBD, common hepatic duct, left or right
main hepatic duct, or BDI requiring surgical repair.

Data extraction

The data extraction was performed by two independent
authors (BN and NK). Disagreements were resolved by
consensus. We used a standardized data collection sheet to
collect all the necessary data: first author, publication year,
study design, Digital Object Identifier (DOI), type of sur-
gical intervention, nature of comparison (IOC vs no IOC,
routine IOC vs selective IOC, and selective IOC vs no I0C),
the definition of selective IOC, age and gender distribution
in each group, number of patients in each comparison group,
and number of events in each group in terms of primary and
secondary outcomes.

Publication bias and risk of bias assessment

A funnel plot and Egger’s test were used to assess the pres-
ence of publication bias, where the number of articles
allowed it. A funnel plot was created when at least six stud-
ies were pooled. We used Egger’s test when at least ten were
pooled.

@ Springer

The risk of bias assessment was performed indepen-
dently by two authors using the ROBINS-I (Risk of Bias in
Non-randomized Studies—of Interventions) [25] tool for
non-randomized studies and the RoB 2 tool for randomized
controlled trials recommended by the Cochrane collabora-
tion [26]. Disagreements were resolved by consensus.

Statistical analysis

We used the methods recommended by the Cochrane Col-
laboration working group for data synthesis [27]. A meta-
analysis was performed; the calculated effect sizes were
visualized on forest plots.

We calculated weighted mean differences (WMD) for
continuous outcomes and relative risks (RR) for dichoto-
mous outcomes, both with 95% confidence intervals (CI),
to investigate the differences between the three groups
(IOC vs no I0C, routine IOC vs selective IOC, and selec-
tive IOC vs no 10C).

Heterogeneity was tested both by performing Cochran’s
Q test and calculating Higgins’ I? indicator. The Q statis-
tics were calculated as the squared deviations from the
pooled effect of the weighted sum of individual study
effects, with the weights being used as part of the pool-
ing method; p-values were obtained by comparing the
test statistics with a chi-square with k-1 degrees of free-
dom (where k was the number of studies). A p-value of
less than 0.10 was considered suggestive of significant
heterogeneity. The I index corresponds to the percent-
age of the total variability across studies that is due to
heterogeneity. Based on Cochrane’s handbook, a rough
classification of its value is the following: not important
(0-40%), moderate (30-60%), substantial (50-90%), and
considerable (75-100%) [28]. All the statistical analyses
were performed using StatalC (version 16).

Certainty of evidence

Certainty of evidence was evaluated according to the Grades
of Recommendation, Assessment, Development, and Evalu-
ation (GRADE) workgroup recommendations [29]. The out-
come assessment was performed for each endpoint by two
independent authors (BN and NK), with every disagreement
resolved by consensus.

We developed several GRADE evidence profile tables
using the GRADEpro GDT software [30] for each compari-
son group (routine vs selective IOC and IOC vs no I0C)
separately. The first table comprises articles that involved
a mixed population of open and laparoscopic cholecystec-
tomies. The second table is a subgroup containing only the
articles that investigated LC.
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Results
Results of search and selection

A systematic literature search identified 19,863 articles.
The results of the selection process and Cohen’s kappa
coefficients are shown in detail in the PRISMA flowchart
(Fig. 1). At the end of the selection process, we identified
38 eligible articles [14-19, 21, 31-61], of which 32 were
included in the quantitative synthesis [14-19, 21, 31-35,
37, 39-44, 46, 47, 49, 50, 52-59, 61].

Characteristics of the studies included

The characteristics of the included studies are summa-
rized in 3 tables, divided by the different approaches.
Table 1, Supplementary Table 1 and 2 include routine
IOC vs selective IOC, I0OC vs no IOC, and selective IOC
and no IOC, respectively. Eleven of the articles reported
on both open and laparoscopic cholecystectomy [15-18,
21, 33-35, 37, 44, 54], whilst 27 of them covered lapa-
roscopic cholecystectomy cases exclusively [14, 19, 31,
32, 36, 38-43, 45-53, 55-61]. We have summarized the
different indications for selective IOC in Supplementary
Table 3.

J

Primary outcome(s)
Bile duct injury (BDI)

Routine 10C vs selective IOC. We pooled six articles with
118,742 patients for this comparison [21, 31, 32, 35, 49,
55]. We detected no protective effect against BDI in either
group (RR=0.91, 95% CI 0.66; 1.24) along with statistically
not significant heterogeneity (I>=0.0%, p=0.805) (Fig. 2).

The lack of protective effect against BDI still remained
after excluding the articles reporting on open cholecys-
tectomy (RR=0.78, 95% CI 0.25; 2.41) [31, 32, 49]. This
analysis was carried out amongst articles with insignificant
statistical heterogeneity (?=0.0%, p=0.420) (Fig. 3).

In the same comparison, additional subgroup analyses
were performed investigating MBDI. Investigating open and
laparoscopic cholecystectomy cases, we found no differences
between groups (RR=0.44,95% CI 0.11; 1.84; heterogene-
ity: ’=47.7%, p=0.125) (Fig. 4) [21, 32, 35, 49]. Similarly,
no difference was detected when including only laparoscopic
cholecystectomy cases (RR=0.39, 95% CI 0.05; 3.28; het-
erogeneity: I=7.9%, p=0.297) (Fig. 5) [32, 49].

10C vs no I0C. Based on our analysis of 14 articles with
3,155,940 patients, the use of IOC was not associated with a
reduced risk of BDI (RR=1.03, 95% CI 0.77; 1.37) in sub-
stantially heterogeneous publications (I =96.5%, p=0.000)
(Supplementary Fig. 1) [14-19, 34, 37, 40, 46, 47, 53, 56,
61].

Fig. 1 PRISMA flow diagram
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Table 1 Characteristics of included studies (routine IOC vs selective IOC)

Study Study design  Centre(s) Type of proce- Comparison ~ Number Number  Outcomes Follow-up
dure of patients of SIOC
(female (n)
%, mean
age+SD)
Alkhaffaf et al. Prospective Multicentric LC Routine IOC  463(80%, - BDI, conver- N/A
2011 cohort 4) 47.8+14.8) sion rate to
inUK Selective IOC 1159(80%, 263 open sur-
50.2+15.7) gery, LOHS
Amott et al. Quasi-rand- Single centre LC routine IOC 148 - BDI, retained N/A
2005 omized trial ~ in Australia Selective IOC 155 45 stone rate,
success rate
of I0C,
operation
time
Buddingh Retrospective ~ Single centre ~ Cholecystec-  Routine IOC 435 (63.9%, - BDI, conver-  N/A
etal. 2011 cohort in the Neth- tomy 53+17) sion rate to
erlands Selective IOC  421(64.4%, 25 open sur-
53+ 16) gery, success
rate of IOC,
operation
time
Carlsonetal.  Prospective Multicentric LC Routine IOC 164 - BDI, retained A inst:
1993 cohort 2) Selective IOC 155 21 stone rate 9-28 months,
in USA B inst:
16-31 months
Guerra-Filho  Prospective Single centre  LC Routine IOC  127(73.2%, - Success rate N/A
et al. 2007 cohort in Brazil 48.8) of IOC
Selective IOC  127(74%, 71
47.9)
Nickkholgh Retrospective ~ Single centre  LC Routine IOC 1133 BDI, retained N/A
et al. 2006 cohort in Iran Selective IOC 800 159 stone rate,
success rate
of IOC
Pham et al. Retrospective  Multicentric LC Routine IOC 246 (81%, Retained stone 30-day
2016 cohort (2) in China 40, range: rate, read-
33-57) mission rate,
Selective IOC 274 (76%, 15 operation
44, range: time
31-53)
Ragulin- Retrospective ~ Multicentric ~ Cholecystec-  Routine IOC 13,025 (66.9%, - BDI, LOHS N/A
Coyne et al. cohort (NIS) in tomy 53.5)
2013 USA Selective IOC 98,790 (66%, ~ N/A
52.5)
Snow et al. Retrospective  Multicentric LC Routine IOC 1522 - BDI, retained 11 year
2001 cohort (4) in USA Selective IOC 487 139 stone rate,

success rate
of IOC

I0C intraoperative cholangiography,LC laparoscopic cholecystectomy, BDI bile duct injury, LOHS length of hospital stay

The subgroup analysis of ten studies reporting on lapa-
roscopic cholecystectomy exclusively found no difference
between the two strategies with 706,336 patients included
(RR=1.19, 95% CI 0.79; 1.79); however, significant het-
erogeneity was identified (/>=82.4%, p =0.000) (Supple-
mentary Fig. 2) [14, 19, 37, 39, 40, 46, 47, 53, 56, 61].
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We performed three additional subgroup analyses with
only the prospective studies (RR=1.09, 95% CI1 0.77; 1.54;
heterogeneity: I =0.0%, p=0.965) (Supplementary Fig. 3)
[19, 40, 46, 56, 61] and all the studies reported on MBDI
(RR=1.01, 95% CI 0.70; 1.45; heterogeneity: =96.7%,
p=0.000) (Supplementary Fig. 4) [15, 16, 18, 19, 34, 46,
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Fig.2 Forest plot comparing risk of BDI between routine IOC and selective IOC groups (population: both types of cholecystectomy). RR: rela-

tive risk; p: P value; CI confidence interval; I-squared: P
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Fig. 3 Forest plot comparing risk of BDI between routine IOC and selective IOC groups (population: laparoscopic cholecystectomy). RR: rela-

tive risk; p: P value; CI confidence interval; I-squared: P
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Fig.4 Forest plot comparing risk of MBDI between routine IOC and selective IOC groups (population: both types of cholecystectomy). RR:
relative risk; p: P value; CI confidence interval; I-squared: ?
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Fig.5 Forest plot comparing risk of MBDI between routine IOC and selective IOC groups (population: laparoscopic cholecystectomy). RR:
relative risk; p: P value; CI confidence interval; I-squared: P
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53, 56, 61], and then we pooled the studies with MBDI
in LC only (RR=1.09, 95% CI 0.35; 3.34; heterogeneity:
I?=74.8%, p=0.003) (Supplementary Fig. 5). [19, 39,
46, 53, 56] Neither of them found significant differences
between the groups under investigation.

Retained biliary stones after cholecystectomy

Comparing IOC and no I0C, five pooled studies with 2,069
cases found no difference (RR=0.51, 95% CI 0.12; 2.11)
within a one-year follow-up period, nor was statistically sig-
nificant heterogeneity found (I*=13.7%, p=0.327) (Sup-
plementary Fig. 6) [19, 33, 56-58].

Despite our initial question, we could not examine the
routine IOC vs selective IOC groups because follow-up
periods were too variable. The results of these articles can
be found in the supplementary material (Supplementary
Table 4).

Secondary outcome(s)
Routine vs selective 10C

When analysing the success rate of I[OC during laparoscopic
cholecystectomy in the four studies involved comparing rou-
tine IOC and selective IOC, we were not able to identify any
statistically significant difference (RR=0.96, 95% CI 0.86;
1.06; >=88.2%, p<0.001) (Supplementary Fig. 7) [32, 41,
49, 55].

Comparing the routine and selective approach by oper-
ation time, the results did not show us a statistically sig-
nificant difference (WMD = 14.02, 95% CI —6.96; 35.00,
>=98.2%, p<0.001), including three studies with 2445
patients. These studies only investigated patients who had
undergone laparoscopic cholecystectomy (Supplementary
Fig. 8) [31, 32, 50].

I0Cvs no 10C

The meta-analysis of three studies with 10,735 patients
identified a significant difference (RR=0.64, 95% CI1 0.51;
0.78) favouring IOC with a lower risk of conversion to open
surgery compared to no IOC group without significant het-
erogeneity (?=0.4%, p=0.336) (Supplementary Fig. 9) [19,
46, 61]. The operation time was significantly longer during
cholecystectomy in the IOC group compared to the no IOC
group (WMD =11.25 min, 95% CI 6.57; 15.93; heterogene-
ity =95.9%, p=0.000) (Supplementary Fig. 10) [19, 33,
42, 46, 49, 56, 59] .

The meta-analysis comparing the readmission rate
after laparoscopic cholecystectomy between IOC and no
I0C groups within a follow-up period of 30 days found

no statistically significant difference (RR =0.92, 95% CI
0.79; 1.06, >=86.9%, p <0.001) (Supplementary Fig. 11)
[14, 42,52, 56]. Comparing IOC and no IOC by length of
hospital stay, no statistically significant differences were
found (WMD =-0.03, 95% CI -0.26; 0.20; heterogene-
ity: ’=98.3%, p <0.001) (Supplementary Fig. 12) [14,
19, 33, 43, 44, 54, 56, 59]. The results were the same
when we analysed studies reporting exclusively on LC
cases (WMD =0.04, 95% CI -0.12; 0.19; heterogeneity:
I?=90.0%, p <0.001) (Supplementary Fig. 13) [19, 43,
56, 59].

Qualitative synthesis

We included the following endpoints in our qualitative
synthesis: BDI, MBDI (routine IOC vs selective IOC: one
publication [36]; IOC vs no IOC: one publication) [45],
retained stone rate (routine IOC vs selective IOC: five
studies [32, 36, 49, 50, 55]; IOC vs no IOC: one publica-
tion [38]; selective IOC vs no IOC: three studies) [48, 51,
60], readmission rate (IOC vs no IOC: four studies) [33,
46, 57, 58], conversion rate to open surgery (routine IOC
vs selective IOC: two studies) [31, 35], success rate of IOC
(routine IOC vs selective IOC: one study) [35], operation
time (routine IOC vs selective IOC: one study [35]; IOC vs
no IOC: one study) [38] and length of hospital stay (I0OC
vs no IOC: one study [57]; routine IOC vs selective I0C:
three studies) [21, 31, 50]. A summary of studies only
included in the qualitative synthesis can be found in the
supplementary material (Supplementary Tables 4 and 5).

Publication bias and risk of bias assessment

Based on a visual assessment of funnel plots, there is a
high risk of publication bias in the case of MBDI when the
population consisted of both types of cholecystectomy and
when only LCs were performed, retained biliary stones
after cholecystectomy, operation time (population con-
sisted of LC; comparison: IOC vs no IOC), operation time
(population consisted of LC, comparison: IOC vs no 10C),
and length of hospital stay (population consisted of both
types of cholecystectomy; comparison: IOC vs no I0C).
The results of publication bias, funnel plots, and Egger’s
tests can be found in the supplementary data.

Most of the publications investigated were deemed
to have a serious risk of bias because of the presence of
uncontrolled confounding factors. We excluded three arti-
cles from the quantitative synthesis due to critical risk of
bias [36, 38, 45]. A summary of the risk of bias assessment
can be found in the supplementary data.
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Certainty of evidence g g g
. . g E E
All examined outcomes were assessed as having a very low £ I~ I~
level of evidence. The design of the included studies, the - © ©
potential presence of uncontrolled confounding factors, o O 5 O 5
the significant level of heterogeneity greatly influenced the g 82; 8i
quality of evidence. The GRADE evidence profile tables are S ®§ ®§
shown in Tables 2 and 3 summarizing the comparison of - 3
routine IOC vs selective IOC and in Supplementary Table 6 5 % ° 5 % °
and 7 concerning about IOC vs no I0C. £ ] g% g gg o E
2| 228 ESE°C
Discussion <2l = = - =
& &
Our results suggest that selective IOC may not be inferior e 5 = 5 I E
to routine IOC in the prevention of BDI. The success rate of g 8w S g S =
I0C and the operation time were also similar between these 5822 ) )
two groups. 8 ~ ©
Carrying out IOC did not result in significant difference ™ ® E —
in any of the endpoints under examination compared to the % 2 §, = §.
omission of IOC, apart from a lower conversion rate and f; % < L\S e
longer operation time. A significantly higher conversion RS
rate to open surgery appeared in the no IOC group, and a El1g|e o w
significantly longer operation time was characteristic in the 3 §- é’ S RS
10C group. § ; é é = § e
There is a consensus that IOC has its place in surgical g ,
practice due to its role in detecting CBD stones and diag- u; é 2 >\°§
nosing BDI. However, the recommendations are not unani- é § g 8 '—E %b fg
mous because there are still doubts about the extent to which = £ 5 % é SE32
10C can prevent BDI [4-13]. According to the latest meta- 8 © 3 = =
analysis published in 2021, IOC should be performed rou- § § E 2
tinely, it has a protective effect against BDI over the selective = g § é
approach, and it is a cost-effective intervention as well [12]. Q%‘ § I 8
In contrast, others suggest liberal [9] or selective [5] use of U - -
IOC to mitigate the risk of BDI. % 12 . = .
£ g > E = E
Primary outcome(s) g 2 Z 5 § 5 g
Bile duct injury (BDI) g § S 2 & g 2
Our findings do not support the higher protective value of g E 2 5 g3 & £
routine IOC compared to selective cholangiography. In addi- 2 ) B . ?i ., g _§
tion, our results indicate that IOC has no clear benefit over % g § .5 § 2 ug . E
omission of IOC; a selective policy might be more reason- 3 g g 8 s 8 E % %
able rather than the omission of IOC. Ll) “ § g :QT g % o 2%
Based on our results, the role of intraoperative cholan- E ~ i : 5 : %: § z 2
giography in preventing BDI can be questioned. However, g go s B s g c g f;
it still plays an important diagnostic role for BDI and CBD 5 . 3 § 58 i k é ; £ % B
stones [40, 54]. From our standpoint, the main question z g é‘ 3 E :% § E 2 z 8 1‘2 £
is not whether an I0C should be performed but in whom: Bl2|< = ° 5 © E 5 = ;
whether it should be done in all cases or only when the situ- p 2 _og § \z % é’ S 2
ation requires it. : 2|2 3 zE % Z & g
Articles concentrating on routine IOC vs selective IOC < g “g 3 '§ Sz Z 3
draw different conclusions. The latest one was published in e[S |= R/ o S v SE2ZA
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2013 by Ragulin-Coyne et al.; it involved 111,815 patients
and found that routine IOC does not reduce the rate of BDI
but incurs a high cost [21]. In contrast, Buddingh et al., con-
cluded that implementation of routine IOC had a protec-
tive effect against major BDI [35]. As mentioned earlier,
in a meta-analysis published in 2021 the authors claim that
routine IOC decreases the risk and prevents BDI, and is
also more cost-effective [12]. However, these results should
be handled with caution because the population defined as
selective IOC in the meta-analysis appears as patients “with-
out IOC” in the majority of the pooled studies [15, 37, 39,
40, 54, 62].

Sheffield et al. have shown that the link between IOC
and common BDI may be due to unmeasured confound-
ing factors [54] and differences in baseline characteristics
between the comparator groups. They claim that the relation
between IOC and common BDI is sensitive to the statistical
method applied [54]. They used the standard risk adjustment
method to determine that omission of IOC is linked to BDI,
even after controlling for potential confounding factors. At
the same time, when instrumental variable methods were
applied, the association was no longer significant.

In comparing IOC and no IOC, several publications used
data obtained from large databases [14-16, 18, 39, 47, 53].
They frequently used a proxy definition of BDI because
these databases have no precise definition of BDI. Lilley
et al. claim that the use of a proxy definition for common
BDI is not an appropriate method to identify it because this
may introduce confounding by indication [16].

Retained biliary stones after cholecystectomy

Our results suggest that IOC does not significantly reduce
the rate of postoperatively detected residual CBD stones.
Hope et al. state that IOC should be used freely to detect
CBD stones as decided by the surgeon due to its high sen-
sitivity, specificity, positive and negative predictive value,
and accuracy [9]. Another meta-analysis suggests that [OC
should be used more widely in the diagnosis and manage-
ment of CBD stones [7]. A previous meta-analysis published
in 2012 states that routine IOC can reduce the readmission
for retained CBD stones; however, they do not suggest rou-
tine IOC in patients without suspicion of CBD stones (based
on clinical, biochemical, or radiological findings) [13]. A
recent retrospective study found that asymptomatic untreated
bile duct stones have a cuamulative incidence of biliary com-
plications (6.1% at one year, 11% at three years and 17%
at five years). Still, they concluded that doing follow-ups
for patients with in situ stones (a “wait-and-see strategy”)
is more beneficial than early endoscopic management of
asymptomatic stones [63]. A study published in 2013 points
out that routine IOC may detect more CBD stones intraoper-
atively than ideal [21]. The number of endoscopic retrograde

@ Springer

cholangiopancreatographies (ERCP) and CBD explorations
is thus higher in the case of routine IOC users. They also
found a link between the use of routine IOC and an increased
overall complication rate. They support the idea of selec-
tive IOC because it can reduce the number of unnecessary
interventions. Sheffield et al. confirm this; they also found
relationship between routine IOC and higher use of ERCP
and common duct exploration [54]. According to the ASGE
(American Society of Gastrointestinal Endoscopy) guide-
line, the number of diagnostic ERCPs should be reduced
because of their high risk and lack of benefit [64].

The ASGE and ESGE (European Society of Gastroin-
testinal Endoscopy) recommend two similar pre-operative
risk stratification methods to assess the probability of CBD
stones [64, 65]. These guidelines might be helpful in terms
of indexing patients who need further investigation and pos-
sible management of CBD stones. These algorithms allow
the surgeon to consider whether an IOC is required or not.

Secondary outcome(s)

When we compared routine to selective IOC, we did not find
a significant difference between them as regards the success
rate of IOC and operation time.

A significant difference was found between IOC and no
IOC in conversion rate to open surgery and operation time.
The results indicate a higher conversion rate to open surgery
amongst patients who did not receive IOC. Conversion to
open surgery frequently happens during a difficult laparo-
scopic dissection or when BDI is suspected [47]. A previous
publication reports that a higher risk of BDI appears with
the conversion from a laparoscopic to an open procedure
[66]. This could reflect the surgeon’s lack of experience with
open cholecystectomy [67] or the overall difficulty of the
case [47].

The data suggest that patients who underwent LC and
IOC had a significantly longer operation time by almost
13 min. This result contradicts the theory put forth by oppo-
nents of IOC: IOC adds a significant amount of time to LC.

Investigating readmission rate and length of hospital
stay between IOC and no IOC, we found no significant
differences.

Strengths and limitations

Our meta-analysis is characterized by comprehensiveness
and a high number of included patients. Compared to the
recently published meta-analyses [7, 12] we placed great
emphasis on the study of routine IOC vs selective IOC
approaches and identified several additional articles [34, 36,
37, 45,47, 53,55, 56, 61]. We performed several subgroup
analyses (only LC cases exclusively, MBDI and prospective
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studies) to provide a better quality of evidence and a more
thorough review.

Our study has some limitations. The majority of the
pooled articles are retrospective cohort studies. They pro-
vide data from large-scale databases with potential sources
of bias and are not controlled or partially adjusted for con-
founding variables. Our results should therefore be handled
with caution.

Our results continue to lose strength due to the pres-
ence of statistical heterogeneity for some endpoints. This
phenomenon might be the result of study design, not only
laparoscopic cholecystectomy included, variable use of
I0C, different definitions of BDI, and varying degrees of
confounding factor control. In addition, IOC is used as a
diagnostic tool for detecting BDI in some cases, which has
a potential distortive effect.

Implications for practice

A selective approach to IOC may be appropriate. Selective
I0C combined with measures that aid prevention of BDI
(e.g. critical view of safety, fundus-first approach, multi-port
laparoscopic technique, and low threshold for conversion to
open cholecystectomy) [5, 68] and together with investiga-
tions that detect bile duct stone perioperatively (e.g. abdomi-
nal ultrasound, laparoscopic ultrasound, endoscopic ultra-
sound, and magnetic resonance cholangiopancreatography)
[5, 64] should be considered.

Implications for research

No uniform indication system for selective IOC has been
developed. Such an indication system should consider the
risk factors for BDI (e.g. sex, age, experience of surgeons,
prolonged laparoscopic cholecystectomy, and indication for
cholecystectomy) and the possible presence (based on clini-
cal, laboratory, and imaging findings) and available treat-
ment of biliary stones. Future studies are needed to estab-
lish a standard indication system based on which surgeons
perform IOC.

Several authors state that BDI cannot be examined with
randomized trials due to its low incidence [8, 15]; high-
quality prospective studies which also consider the presence
of potential biases and confounding factors are therefore
needed.

In conclusion, selective IOC may not be inferior to rou-
tine IOC in preventing BDI. IOC might not be indicated in
every case, and its selective use may stand as an alternative
to routine policy, however, the evidence is very uncertain.
Further good quality research is required to address this
question and to determine the exact selection criteria for
I0C.
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