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Routine on-table cholangiography during
cholecystectomy: a systematic review
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INTRODUCTION  The aim of this review was to systemically analyse trials evaluating the efficacy of routine on-table cholangio-
graphy (R-OTC) versus no on-table cholangiography (N-OTC) in patients undergoing cholecystectomy.
METHODS Randomised trials evaluating R-OTC versus N-OTC in patients undergoing cholecystectomy were selected and

RESULTS  Four trials (1 randomised controlled trial on open cholecystectomy and 3 on laparoscopic cholecystectomy) en-
compassing 860 patients undergoing cholecystectomy with and without R-OTC were retrieved. There were 427 patients in the
R-OTC group and 433 patients in the N-OTC group. There was no significant heterogeneity among trials. Therefore, in the fixed
effects model, N-OTC did not increase the risk (p=0.53) of common bile duct (CBD) injury, and it was associated with shorter
operative time (p<0.00001) and fewer peri-operative complications (p<0.04). R-OTC was superior in terms of peri-operative
CBD stone detection (p<0.006) and it reduced readmission (p<0.03) for retained CBD stones.

CONCLUSIONS N-OTC is associated with shorter operative time and fewer peri-operative complications, and it is comparable to
R-OTC in terms of CBD injury risk during cholecystectomy. R-OTC is helpful for peri-operative CBD stone detection and there is
therefore reduced readmission for retained CBD stones. The N-OTC approach may be adopted routinely for patients undergoing
laparoscopic cholecystectomy providing there are no clinical, biochemical or radiological features suggestive of CBD stones.
However, a major multicentre randomised controlled trial is required to validate this conclusion.
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Common bile duct (CBD) injury is a known complication
following open as well as laparoscopic cholecystectomy.
The incidence of CBD injury after laparoscopic cholecystec-
tomy has been reported as 0.2-0.4%, which is still somewhat
higher than for long-time traditional open cholecystectomy
(0.16-0.2%)."5 Several risk factors for CBD injury during
cholecystectomy have been reported. Prominent risk factors
include acute cholecystitis, acute biliary pancreatitis, bleed-
ing in Calot’s triangle, ‘shrunken’ gallbladder, impacted
stones in the Hartmann’s pouch, aberrant extrahepatic bil-
iary channels anatomy and aberrant biliary vasculature.5®
In addition, iatrogenic CBD injury in experienced hands has
also been reported to contribute in more than 50% of cases
in the presence of one or more risk factors.%!*-12

Routine on-table cholangiography (R-OTC) during
cholecystectomy has been advocated to reduce CBD injury
by better delineation of biliary channels anatomy and helps
to devise strategies for the management of co-existent CBD
stones. Controversies still exist about the exact indications
for OTC as an adjunct to laparoscopic cholecystectomy or
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laparoscopic converted to open cholecystectomy. Advo-
cates of R-OTC propose the theory of reduced CBD injury
due to fine anatomical delineation of the cystic duct, com-
mon hepatic duct and CBD.">'> However, opponents of R-
OTC contend that the routine use of this procedure during
cholecystectomy does not offer enhanced clinical utility and
it is responsible for prolonged operative time. R-OTC as an
adjunctive procedure at the time of cholecystectomy is also
responsible for the increased overall cost.'®-!"

The objective of this review was to systemically analyse
the published randomised controlled trials evaluating the
efficacy of R-OTC versus no on-table cholangiography (IN-
OTC) in patients undergoing laparoscopic, laparoscopic
converted to open and open cholecystectomy using the prin-
ciples of meta-analysis.

Methods

Relevant prospective randomised controlled trials on R-
OTC during cholecystectomy until April 2011 were included
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in this review. The Cochrane Hepato-Biliary Group Control-
led Trial Register, the Cochrane Central Register of Control-
led Trials, MEDLINE® and Embase™ were searched until
April 2011 using the MeSH (Medical Subject Headings) key-
words ‘cholecystectomy’ and ‘on-table cholangiography’.
These headings were searched independently and also used
in combination with ‘laparoscopic surgery’ and ‘cholangio-
graphy’. A filter recommended by the Cochrane Collabora-
tion? was used to filter out irrelevant studies in MEDLINE®
and Embase™. The references of the studies found were
searched to identify further trials. Studies analysing the role
of OTC in open cholecystectomy, laparoscopic cholecystec-
tomy and laparoscopic converted to open cholecystectomy
were included in this review. In addition, studies publish-
ing data on readmission as a consequence of retained CBD
stones were also included.

Two authors (MSS and CL) independently identified the
relevant studies, extracted data related to the outcomes
and secured the data on an Excel® spreadsheet (Microsoft,
Redmond, WA, US). These were further confirmed by the
third author (ZH). Any conflict about data was resolved by
mutual agreement among the authors. The software pack-
age RevMan 5.0.1 (Nordic Cochrane Centre, Copenhagen,
Denmark) was used for analysis. The odds ratio (OR) with
95% confidence interval (CI) was calculated for binary data
variables and the mean difference (MD) with a 95% CI was
calculated for continuous data variables. If the mean val-
ues were not available for continuous outcomes, median
values were used for the purpose of meta-analysis. If the
standard deviation was not available, it was calculated ac-
cording to the guidelines of the Cochrane Collaboration.*
This involved assumptions that both groups have the same
variance, which may not be true.

The random effects model?' and the fixed effects mod-
el* were used to calculate the combined outcome for both
binary and continuous variables. In case of heterogeneity,
only the results of the random effects model were reported.
Heterogeneity was explored using the chi-squared test, with
significance set at p<0.05, and quantified® using 1%, with a
maximum value of 30% identifying low heterogeneity.?

The Mantel-Haenszel method was used for the calcula-
tion of the OR under the fixed effects as well as the random
effects model.** In a sensitivity analysis, 0.5 was added to
each cell frequency for trials in which no event occurred
in either the treatment or control group, according to the
method recommended by Deeks et al.> The estimate of the
difference between both techniques was pooled depending
on the effect weights in results determined by each trial es-
timate variance. The forest plot was used for the graphical
display of results from the meta-analysis. The square around
the estimate stands for the accuracy of the estimation (sam-
ple size) and the horizontal line represents the 95% CI.

Results

Figure 1 explains the study methodology and literature
search. Four studies encompassing 860 patients undergo-
ing a cholecystectomy with either R-OTC or N-OTC were
retrieved from the electronic databases.’®% There were 427
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Potentially relevant trials identified for
the electronic databases and screened for
retrieval

n=29

Trials excluded #=9
Reasons: Trials on the use of other types of cholangiography

Printed copies of published trials
retrieved from the electronic databases
were evaluated in detail

n=20

Trials excluded =11

Reasons: Duplicate publications of same trials (6),
extended abstracts of same trials (3) and commentaries
on same trials (2)

Potentially appropriate randomised trials to
be included in the review

n=9

Trials excluded #=5
Reasons: Clinical controlled trials (2), literature
reviews (2) and meta-analysis (1)

Trials with usable information by
outcome
n=4 (on 860 patients)

Figure 1 Trial selection methodology

patients in the R-OTC group and 453 patients in the N-OTC
group. One included trial involved patients undergoing an
open cholecystectomy?® and the remaining three trials were
conducted on patients undergoing a laparoscopic and/or a
laparoscopic converted to open cholecystectomy.?”* The
recruited patients in the included randomised trials did
not have clinical, biochemical or radiological evidence of
CBD stones pre-operatively. However, a criterion to rule out
pre-operative CBD stones among included studies was not
homogenous. The characteristics of these trials are given in
Table 1. The variables used to achieve a combined outcome
are given in Table 2.

Methodological quality of included studies

The methodological quality of included trials was assessed
by Jadad et al and Chalmers et al.3*3" All trials were of mod-
erate to good quality. The Mantel-Haenszel fixed effects
model was used to compute robustness and susceptibility
to any outlier among these trials. The allocation conceal-
ment and blinding of investigator/assessor was not reported
clearly. There was no statistically significant heterogeneity
(clinical and methodological diversity) among trials except
in the case of operative time.

Operative time

There was a significant heterogeneity (t°=45.31; X?=618.75;
df=3; p<0.00001; I’=100%) among the four trials. Therefore,
in the random effects model, the operative time for the N-
OTC group was shorter (MD: 16.67 minutes; 95% CI: 9.87-
23.46 minutes; z=4.81; p<0.00001; Fig 2).
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Table 1 Characteristics of included trials

Trial Type of trial Country  Surgical procedure Comparison groups  Follow-up duration
Hauer-Jensen et al, 19862¢ RCT Norway Open cholecystectomy R-OTC vs N-OTC 1 year
Soper and Dunnegan, 199227 RCT us Laparoscopic cholecystectomy  R-OTC vs N-OTC 1 year
Nies et al, 199728 RCT Germany  Laparoscopic cholecystectomy R- OTC vs N-OTC 1 year
Khan et al, 2011%° RCT UK Laparoscopic cholecystectomy  R-OTC vs N-OTC 1 year

RCT: randomised controlled trial; R-OTC = routine on-table cholangiography; N-OTC = no on table-cholangiography

Table 2 Outcome variables

Trial Number of  Operative time (minutes) CBD stones CBD injury Complications Readmission
patients detection
Hauer-Jensen et al, 19862°
R-OTC 142 81.4 (75.9-86.9) 4 0 21 0
N-OTC 138 58.1 (53.7-62.5) 0 0 8 0
Soper and Dunnegan, 199227
R-OTC 56 94 +3 3 0 1 0
N-OTC 58) 78 +3 0 0 0 0
Nies et al, 199728
R-OTC 138 92 +31 3 0 10 0
N-OTC 137 77 £28 0 0 8 5
Khan et al, 2011%°
R-OTC 91 66 +2 3 0 1 0
N-OTC 99 54 +3 0 1 2 4
CBD = common bile duct; R-OTC = routine on-table cholangiography; N-OTC = no on table-cholangiography
; y R-OTC N-OTC Odds Ratio Odds Ratio
ROTC N-oTC ~ MeanDifference Mean Difference Study or Subgroup __ Events_Total Events Total Weight M.H, Fixed, 95% CI M.H, Fixed, 95% CI
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI Hauer-Jensen 1986 1 142 0 138 259% 0.00(048 166.75) N - —
Hauer-Jensen 1985 1.4 255 142 681 22 138 265% 23.30(22.74,2386] . Khan 2011 3 o 0 99 243% 7.87[0.40 154.48) B
Khan 2011 66 2 91 54 3 99 264% 1200[11.28,1272) L] Nies 1967 3 138 0 137 258% 710(0.3613883) —
Nies 1997 92 3 138 77 28 137 207% 1500[2.02,21.98 —— Soper 1992 3 5 0 59 241% 7.79[0.30,154.21] [ T
Soper 1892 84 3 56 78 3 59 263% 16.00([14.90,17.10] *
Total (95% CI) 427 433 100.0% 7.94[1.80, 35.01] -
Total (95% CI) a7 433 100.0% 16.67[9.87, 23.46] > Total events 13 0
Heterogeneity. Tau?= 45.31; Ch*= 618.75, df= 3 (P < 0.00001); F= 100% R Heterogenetty: Chi*= 0.01, df= 3 (P = 1.00); F= 0% TR R
Testfor overall effect Z= 4.81 (P < 0.00001) Favours R-OTC Favours N-OTC Test for overall effect: Z= 2.74 (P = 0.006) ‘Favours R-OTC Favours N-OTC
Figure 2. Operative time Figure 3 Common bile duct stone detection rate

Peri-operative biliary channels stone detection

There was no heterogeneity (X?=0.01; df=3; p=1.0; ’=0%)
among the included trials. Therefore, in the fixed effects
model, R-OTC was superior to N-OTC in terms of peri-op-
erative CBD stone detection (OR: 7.94; 95% CI: 1.80-35.01;
7=2.74; p=0.006; Fig 3) and thus guided the operating surgeon
in devising a strategy for the management of CBD stones.

Incidence of CBD injury

In the fixed effects model, incidence of CBD injury follow-
ing cholecystectomy was statistically equivalent between
the two groups and N-OTC did not increase the risk of CBD
injury (OR: 0.36; 95% CI: 0.01-8.92; z=0.63; p=0.53; Fig 4).

Peri-operative complications
There was no heterogeneity (X’=2.67; df=3; p=0.45; 1°=0%)
among the trials. Therefore, in the fixed effects model, the
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risk of peri-operative complications was higher following
R-OTC (OR: 1.88; 95% CI: 1.04-3.38; z=2.10; p=0.04; Fig 5).

Readmission rate secondary to retained CBD stones
There was no heterogeneity (X?=0.02; df=1; p=0.89; 1°=0%)
among the trials. Therefore, in the fixed effects model, the
risk of readmission for retained CBD stones was lower for
the R-OTC group compared with patients receiving N-OTC
(OR: 10; 95% CI: 0.01-0.78; z=2.19; p=0.03; Fig 6).

Subgroup analysis

Subgroup analysis of the randomised trials on laparoscopic
cholecystectomies only showed that R-OTC was associated
with a longer operative time, and equivalent CBD injury in-
cidence and peri-operative complications (Fig 7) compared
with N-OTC. However, R-OTC was found to be slightly su-
perior to N-OTC in terms of CBD stone detection rate during
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Testfor overall effect Z= 0.63 (P = 0.53) Favours R-OTC  Favours N-OTC

ROTC N-OTC Odds Ratio Odds Ratio ROTC N-0TC Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI Study or Subgroup __ Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Hauer-Jensen 1986 0 142 0 138 Mot estimable Hauer-Jensen 1886 21 142 8 138 413%  282[1.20,661] ——
Khan 2011 0 9 1 9s 1000% o036p0ee ——H— Khan 2011 T w 299 113%  0.54[0.056.08
Nies 1997 0 138 0137 Not estimable Nies 1997 10 138 8 137 445%  1.26[048,3.29)
Soper 1992 0 56 050 Not estimable Soper 1992 1 56 0 59 28% 322(0.13,8061) —
Total (95% CI) 427 433 100.0%  0.36[0.01,8.92] Total (95% Cl) 427 433 100.0%  1.88[1.04,3.38] L
Total events 1} 1 Total events 33 18

i i [ . | ! ] H ity: Chi= 2.67, df= 3 (P = 0.45); P= 0% ]
Heterogeneity; Not applicable T ] MR YT 00

Testfor overall effect: Z=2.10 (P=0.04) Favours R-OTC  Favours N-OTC

Figure 4 Incidence of common bile duct injury

Figure 5 Peri-operative complications (all trials)

ROTC N-OTC Odds Ratio 0dds Ratio ! )
Study or Subgroup _Events Total Events Total Weight M.H,Fixed, 95% CI MLH, Fixed, 95% CI RoTC n-otc _ OddsRatio Odds Ratio
v Study or Subgroup _Events Total Events Total Weight NLH,Fixed, 95% CI M-H, Fixed, 95% CI
Hauer-Jensen 1985 0 o142 0 138 Not estimable
Khan 2011 0 ol 4 80 43e% 04200218 ——=—— Khan 2011 K 299 193%  054[0.05,6.0)
Nies 1997 0 13 5 137 562% 009(000,150 —M— Nies 1997 10138 8 137 759%  1.26(048,329]
Soper1992 o s 0 s Not estimable Soper 1922 15 0 59 48% 3220138061
Total (95% CI) 127 433 100.0%  0.10[0.01,0.78] - Total (95% Cl) 285 295 100.0%  1.22[0.52,2.83]
Total events 0 g Total events 12 10
Heterogeneity: Chi= 0.02, df= 1 (P = 0.89); F= 0% ﬁnnﬁ 0?1 1=n m:] Heterogenefty: Chi*=0.79, df= 2 (P = 0.67); F= 0% o o 7 1 10

Testfor overall effect Z= 219 (P = 0.03) Favours R-OTC  Favours N-OTC

Test for overall effect: Z= 0.45 (P = 0.65) Fawuré R-OTC Favours N-OTC

Figure 6 Readmission rate

surgery and readmission rate secondary to retained CBD
stones.

Discussion

In order to avoid CBD injury and other operative compli-
cations, visualisation of biliary anatomy during cholecys-
tectomy has long been an attractive as well as challenging
task for surgeons. Since the introduction of OTC in 1932 by
Mirizzi,’>% surgeons all over the world have been divisive
about its routine use, selective use or no use at all. While
this debate is still going on fervently, other techniques to
delineate biliary tree anatomy are also being investigated
and reported in the medical literature. These relatively
innovative techniques include fluorescent cholangiogra-
phy,’* intra-operative digital cholangiography,® intravenous
cholangiography,*® laparoscopic ultrasonography®” and pre-
operative three-dimensional computed tomography cholan-
giography.”® These approaches have shown some promising
results but, being simple, technically less challenging and
economically cost effective, OTC is still probably the most
commonly used and investigated adjunctive procedure for
cholecystectomy.

Use of R-OTC during cholecystectomy has been reported
to reduce CBD injury® but does not abolish this risk com-
pletely."* There has been significant contradiction in the
reported results on the effect of R-OTC in terms of CBD in-
jury during laparoscopic cholecystectomy.!"!24# Archer et
al claimed 81% of CBD injuries were detected when R-OTC
was performed with laparoscopic cholecystectomy while
only 45% of CBD injuries were diagnosed clinically with-
out R-OTC." In contrast, other authors reported that R-OTC
does not influence the CBD injury detection rate’> and the
misinterpretation rate of R-OTC has also been quoted as
being significantly higher.5® A study published in 2011 on
51,838 patients undergoing a laparoscopic cholecystectomy
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Figure 7 Peri-operative complications (trials on laparoscopic
cholecystectomy only)

reported equivalent chances of missing CBD injury with and
without R-OTC.*?

The incidence of CBD stones in low risk patients is
around 1.7%, a risk that does not warrant R-OTC.!" There-
fore, the group of patients ranging from low risk to high risk
for choledocholithiasis may be stratified!® pre-operatively for
endoscopic retrograde cholangiopancreatography instead of
performing adjunctive R-OTC at the time of cholecystectomy.

R-OTC may result in false positive rates of 2.1% to as
high as 67%.*** The positive predictive value ranges from
63% to 92%, causing a significant number of patients to
have an unnecessary additional procedure,* which leads to
increased operative morbidity and mortality.* In addition,
R-OTC may itself cause CBD injury, possibly due to manipu-
lation of the cystic duct and sometimes leading to its com-
plete transaction of the CBD.*

The financial implications of R-OTC should be con-
sidered in this era of economic downturn. The estimated
cost of diagnosing one CBD stone in the presence of mild
risk of choledocholithiasis has been reported as around
$80,000*" and the cost of detection of one unsuspected but
clinically significant CBD stone was $166,500.*® In a series
of 500 patients undergoing laparoscopic cholecystectomy,
only 1 patient was readmitted with a retained CBD stone
over 2-16 years of follow-up.*? Sixty per cent of CBD stones
that become symptomatic do so within eighteen months of
cholecystectomy and therefore only a small minority of un-
suspected CBD stones are clinically relevant.*

Conclusions

Based on this review, N-OTC is associated with shorter op-
erative time and fewer peri-operative complications. It is
comparable with R-OTC in terms of CBD injury risk during
cholecystectomy. R-OTC is helpful for peri-operative CBD
stone detection and consequently reduces the readmis-
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sion rate for retained CBD stones. For patients undergoing
a cholecystectomy, the N-OTC approach may therefore be
adopted routinely, provided there is no clinical, biochemical
or radiological evidence of CBD stones.

To our knowledge, this is the first systematic review on
the effectiveness of R-OTC during cholecystectomy. We are
aware that the included trials are statistically of moderate
quality due to the lack of masking/blinding, the absence
of intention-to-treat analysis and weak power calcula-
tions. This review contains the analysis of 860 patients only,
which reflects merely a very small percentage of cholecys-
tectomies and R-OTCs performed worldwide. This conclu-
sion may therefore be considered weak and biased. Hence,
a major multicentre randomised controlled trial is required
to validate this conclusion.
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