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ABSTRACT

INTRODUCTION During laparoscopic cholecystectomy, intraoperative cholangiography (IOC) is currently regarded as the gold
standard in the detection of choledocholithiasis. Laparoscopic ultrasonography (LUS) is an attractive alternative with several
potential advantages.

METHODS A systematic review was undertaken of the published literature comparing LUS with 10C in the assessment of
common bile duct (CBD) stones.

RESULTS Twenty-one comparative studies were analysed. There were 4,566 patients in the I0C group and 5,044 in the LUS
group. The combined sensitivity and specificity of 10C in the detection of CBD stones were 0.87 (95% confidence interval [CI]:
0.83-0.89) and 0.98 (95% Cl: 0.98-0.98) respectively with a pooled area under the curve (AUC) of 0.985 and a diagnostic
odds ratio (OR) of 260.65 (95% Cl: 160.44-423.45). This compares with a sensitivity and specificity for LUS of 0.90 (95%
Cl: 0.87-0.92) and 0.99 (95% CI: 0.99-0.99) respectively with a pooled AUC of 0.982 and a diagnostic OR of 765.15 (95%
Cl: 450.78-1,298.76).

LUS appeared to be more successful in terms of coming to a clinical decision regarding CBD stones than IOC (random
effects, risk ratio: 0.95, 95% Cl: 0.93-0.98, df=20, z=-3.7, p<0.005). Furthermore, LUS took less time (random effects,
standardised mean difference: 0.95, 95% Cl: 0.93-0.98, df=20, z=-3.7, p<0.005).

CONCLUSIONS  LUS is comparable with 10C in the detection of CBD stones. The main advantages of LUS are that it does not
involve ionising radiation, is quicker to perform, has a lower failure rate and can be repeated during the procedure as required.
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Common bile duct (CBD) stones occur in 10-20% of
patients with symptomatic gallstones,' and the likelihood
of their presence can be estimated using a combination of
clinical history, liver function tests and transabdominal
ultrasonography.® By stratifying patients using these crite-
ria, those deemed to be at low risk can safely proceed
directly to laparoscopic cholecystectomy. Intermediate and
high risk patients for CBD stones can be investigated pre-
operatively with magnetic resonance cholangiopancreatog-
raphy, endoscopic retrograde cholangiopancreatography
(ERCP) or endoscopic ultrasonography.” Despite such strat-
ification, the incidence of choledocholithiasis remains up
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to 5% even in patients with normal CBD diameter and
liver function tests.? If left undetected and untreated, ductal
stones can lead to biliary obstruction, cholangitis, pancrea-
titis and postoperative bile leak.

There are two main strategies for managing proven or
suspected CBD stones. Two-stage management involves
ERCP prior to cholecystectomy, allowing retrieval of CBD
stones and removing the need for intraoperative imaging
of the biliary tree. Alternatively, with single stage manage-
ment, the biliary tree may be imaged intraoperatively and
if stones are detected, the CBD may be explored, either
laparoscopically, via open surgery or by on-table ERCP.
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Meta-analyses of two-stage versus single stage manage-
ment have found no difference in morbidity or mortality
between the two strategies although single stage manage-
ment was associated with a shorter hospital stay.>'°

Intraoperative cholangiography (IOC) is currently the
gold standard technique for intraoperative imaging of the
biliary tree. Disadvantages include exposure of ionising
radiation to both patient and theatre personnel, a failure
rate of 3-17%'""'% and increased operative time with a
range of 13-18 minutes.'"*1%17 In contrast, laparoscopic
ultrasonography (LUS) is radiation free, has a lower failure
rate (0-7%)'"121*%1819 and is less time consuming, increas-
ing operative times by 5-10 minutes.'""'* Despite these
advantages, the use of LUS during laparoscopic cholecys-
tectomy is not commonplace. Our aim was to perform a
meta-analysis of studies comparing these two techniques
with regard to correct detection of choledocholithiasis, suc-
cess rate in terms of coming to a clinical decision regard-
ing CBD stones, time taken for each procedure and ability
to delineate biliary anatomy accurately.

Methods

All comparative studies investigating LUS versus 10C for
detecting CBD stones published between January 1970 and
December 2013 were identified. First, the MEDLINE®,
Embase™ and CINAHL® (Cumulative Index to Nursing and
Allied Health Literature) databases were searched. The
search words ‘common bile duct stones’, ‘ductal stones’,
‘stones’, ‘laparoscopic ultrasound’ and ‘on-table cholangio-
gram’ were used in combination with the medical subject
headings ‘gallstone disease’, ‘ultrasonography’ and ‘cholan-
giography’. Irrelevant articles, reviews and meta-analyses
evident from the titles and abstracts were excluded. Rele-
vant articles referenced in these publications were
obtained and the ‘related article’ function was used to
widen the results. No language restriction was applied. All
abstracts, comparative studies, non-randomised trials and
citations were searched comprehensively. A flowchart of
the literature search is shown in Figure 1.

Each article was reviewed critically by two researchers
using a double extraction method for eligibility in our
review. This was performed independently and any conflict
was resolved prior to final analysis. A third researcher con-
firmed the data extraction. All of the papers were accounts
of cohort studies where a group of consecutive patients
underwent both LUS and 10C, followed by the gold stand-
ard techniques of CBD exploration, intraoperative or post-
operative ERCP, or a combination of all of these. The
primary outcome variable was whether CBD stones were
detected correctly. Additional variables considered were
time taken for each procedure, success rate in terms of
coming to a clinical decision regarding CBD stones and
anatomical visualisation of the biliary tree.

If either index test (LUS and/or 10C) was positive, the
patient went on to have CBD evaluation using one of the
gold standard techniques outlined above. If both index
tests were negative, then no evaluation of the bile duct was
performed because of the unacceptable morbidity related

Potentially relevant
studies identified and
screened for retrieval
(n=80)

Titles or abstracts not
P! pertaining to the research
v question (n=30)

Studies retrieved for a
more detailed evaluation
(n=50)

» Articles deemed not
relevant after reading the
full abstract (n=10)

A 4

Potentially appropriate
studies related to the
research question (n=40)

Articles not able to be
translated into English
(n=9)

v
Full manuscripts ordered
for further consultation
(n=31)

» Articles not adherent to
v inclusion criteria (n=10)

Studies included and
analysed (n=21)

Figure 1 Flowchart of studies included in review

to this. In this case, it was assumed that the result was a true
negative for both index tests. Approximately half of the stud-
ies included in our analysis followed up the patients in clinic
in an attempt to prove that the true negatives were all
genuine.

True positive results were defined as those cases in which
a CBD stone was detected by the index test and this result
was confirmed by the gold standard technique. False positive
results were defined as those cases in which the index test
detected a CBD stone but the gold standard did not. False neg-
ative results were defined as those cases in which the index
tests did not detect a stone but the gold standard did.

Sensitivity and specificity pooling was calculated with
95% confidence intervals (Cls) using the random effects
model. Forest plots were used to view the results graphi-
cally. When analysing sensitivity, 0.5 was added to each
cell frequency for trials in which no event occurred, as per
the recommendation by Deeks et al.?° Interaction between
sensitivity and specificity was assessed using summary
receiver operating characteristic (sROC) analysis described
by Littenberg and Moses.?'% The diagnostic rigour of I0C
and LUS was assessed using diagnostic odds ratios (DORs),
the Q statistic and the area under sROC curves.

Data for sensitivity and specificity were used to calculate
the DOR (frequency of true positives / frequency of false
positives) / (1 - frequency of true positives / 1 — frequency
of false positives). The diagnostic accuracy of the index
tests is proportional to the value of the DOR. A DOR of
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1 indicates that a test is unable to discern between patients
with or without a specified pathology.>*

Heterogeneity between studies was assessed using
Cochran’s Q test, a type of chi-squared test instituted to
establish the application of sSROC meta-regression curves
over this dataset. The sROC curve is used to calculate the
AUC, where 0.5 implies that a test is equally likely to diag-
nose a positive result as either positive or negative and a
value of 1.0 indicates a ‘perfect’ test that gives a 100% cor-
rect diagnosis regardless of patient demographics. In prac-
tical terms, tests will have a variable AUC value. This will
tend towards 1.0 as the diagnostic accuracy improves. An
AUC of >0.75 is considered clinically acceptable. Spear-
man’s correlation coefficient for sensitivity and 1 — speci?
city was used to assess the diagnostic threshold effect. A
correlation of >-0.6 was deemed to indicate the absence of
a diagnostic threshold effect.?

For continuous data (time taken to perform the proce-
dures), Hedges’ g statistic was used for the calculation of
standardised mean differences (SMDs). The SMDs were com-
bined using inverse variance weights in the fixed effects
model; in the random effects model, the DerSimonian and
Laird method was used.?® Binary data (success rate for com-
ing to a clinical decision, anatomical visualisation of the bili-
ary tree) were summarised as risk ratios (RRs) and combined
using the Mantel-Haenszel method under the fixed effects
model, and the DerSimonian and Laird method under the
random effects model.

A heterogeneity test was carried out for each of the out-
come variables to see whether the fixed effects model was
appropriate. For studies in which the standard deviations
were not reported, these were estimated either from
ranges or p-values. Where only ranges were given, a nor-
mal distribution was assumed to calculate the mean. Forest
plots were used to display the results graphically.

Statistical analyses were performed using Meta-DiSc
version 1.4  (http://www.hrc.es/investigacion/metadisc_
en.htm) and Comprehensive Meta-Analysis version 2
(Biostat, Englewood, NJ, US). The study was undertaken in
accordance with reported guidance for diagnostic test
meta-analyses.?%27

The potential for publication bias was examined with
Egger’s test®® and funnel plots were used to represent this
graphically. Statistical significance was indicated by a two-
sided p-value <0.05. The quality of studies was assessed
according to the QUADAS (quality assessment for diagnos-
tic accuracy studies) criteria.”

Results

Twenty-one papers comparing LUS with 10C for CBD stones
were retrieved from the electronic databases,'!3:15:17.50-46
There were 4,566 patients in the IOC group and 5,044 in the
LUS group.

Detection of CBD stones

Twenty-one studies contributed to a summative out-
come,%13:15:17:50-46 The combined sensitivity and specificity
of I0C in the detection of CBD stones were 0.87 (95%
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Cl: 0.83-0.89) and 0.98 (95% CI: 0.98-0.98) respectively
with a pooled AUC of 0.985 and a DOR of 260.65 (95% CI:
160.44-423.45). There was no significant heterogeneity
between studies (Q=20.60, df=18, p=0.30, 1°=12.6; Table 1).

This compared with a sensitivity and specificity for LUS
of 0.90 (95% CI: 0.87-0.92) and 0.99 (95% CI: 0.99-0.99)
respectively with a pooled AUC of 0.982 and a DOR of
765.15 (95% CI: 450.78-1,298.76). There was no significant
heterogeneity between studies (Q=20.22, df=18, p=0.32,
1°=11.0; Table 1).

Figure 2 illustrates the sROC curves for IOC and LUS in
relation to detection of CBD stones. For 10C, Spearman’s
correlation coefficient for diagnostic threshold was 0.17
(p=0.48), indicating an absence of a significant threshold
effect. For LUS, the correlation coefficient for diagnostic
threshold was -0.25 (p=0.30), again indicating an absence
of a significant effect.

Success rate

Twenty-one studies reported on the success rate of the proce-
dures (ie whether it was possible to come to a clinical deci-
sion regarding CBD stones).12’15’15’17’5046 LUS appeared to
be more successful than 10C (random effects, RR: 0.95, 95%
CI: 0.93-0.98, df=20, z=-3.7, p<0.005). However, there was
significant heterogeneity between studies (Q=193.56, 1°=89.7,
p<0.05).

Time taken to perform the procedures

Fourteen studies reported on the time taken to perform the
procedures,!>13:17:30.51.35.54,58-4545 1 [1Q 190k less time than
I0C (random effects, SMD=0.95, 95% CI: 0.95-0.98, df=20,
z=-3.7, p<0.005). However, there was significant heteroge-
neity between studies (Q=193.36, 1°=89.7, p<0.05).

Anatomical identification

Five studies assessed the ability of the procedures to iden-
tify biliary anatomy.!'>31:335%39 These studies looked at the
visualisation of the intrahepatic ducts, common hepatic
duct, extrapancreatic CBD and intrapancreatic CBD. 10C
appeared to be better at detecting the intrapancreatic CBD
(random effects, RR: 1.15, 95% CI: 1.04-1.26, p=0.007) but
there was no significant difference in identifying the
extrapancreatic CBD (random effects, RR: 1.04, 95% CI:
0.95-1.12, p=0.60).

Quality assessment and publication bias

All of the studies included were of a reasonable standard,
with a QUADAS score of >10. The results of Egger’s test
and the funnel plots showed no evidence of publication
bias.

Discussion

10C is the current gold standard technique for intraopera-
tive imaging of the biliary tree. LUS is another method but
is not widely available at present. The results presented
demonstrate that LUS and 10C have similar accuracy in
detection of CBD stones. These findings suggest that LUS
can be used as an alternative to 10C for diagnosing CBD
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Sensitivity (95% CI)

Intraoperative cholangiography
Specificity (95% Cl)

Laparoscopic ultrasonography
Sensitivity (95% CI) Specificity (95% CI)

Barteau, 1995%°
Birth, 199831
Castro, 1995°%2
Catheline, 200233
Falcone, 19994
Goletti, 19943°
Greig, 199436
Hublet, 2009%”
Jakimowicz, 198738
Li, 2009%°

Machi, 19934°
Machi, 1999*!
Ohtani, 19972
Orda, 199442
Pietrabissa, 1995'3
Rothlin, 199643
Siperstein, 19994
Stiegmann, 19957
Thompson, 19984°
Tranter, 200146
Yamashita, 1993'°

Pooled values

0.71 (0.42-0.92)
0.83 (0.63-0.95)
0.89 (0.52-1.00)
0.80 (0.68-0.89)
1.00 (0.03-1.00)
1.00 (0.40-1.00)
0.71 (0.29-0.96)
1.00 (0.79-1.00)
0.94 (0.87-0.97)
0.82 (0.63-0.94)
0.89 (0.52-1.00)
0.92 (0.84-0.97)
0.80 (0.28-0.99)
0.92 (0.64-1.00)
1.00 (0.40-1.00)
0.93 (0.68-1.00)
0.96 (0.80-1.00)
0.89 (0.67-0.99)
0.90 (0.78-0.97)
0.92 (0.82-0.97)
1.00 (0.03-1.00)
0.90 (0.87-0.92)

1.00 (0.97-1.00)
1.00 (0.99-1.00)
1.00 (0.91-1.00)
0.99 (0.98-1.00)
0.98 (0.92-1.00)
1.00 (0.87-1.00)
0.96 (0.85-0.99)
1.00 (0.98-1.00)
0.99 (0.97-1.00)
0.99 (0.93-1.00)
1.00 (0.96-1.00)
0.99 (0.98-1.00)
0.98 (0.91-1.00)
0.98 (0.93-1.00)
1.00 (0.95-1.00)
0.99 (0.96-1.00)
1.00 (0.99-1.00)
0.95 (0.91-0.98)
1.00 (0.98-1.00)
1.00 (0.99-1.00)
1.00 (0.92-1.00)
0.99 (0.99-0.99)

0.93 (0.66-1.00)
1.00 (0.85-1.00)
0.89 (0.52-1.00)
0.75 (0.62-0.85)
1.00 (0.16-1.00)
0.75(0.19-0.99)
0.83 (0.36-1.00)
0.97 (0.84-1.00)
0.86 (0.78-0.92)
0.75 (0.55-0.89)
0.88 (0.47-1.00)
0.84 (0.71-0.94)
0.80 (0.28-0.99)
1.00 (0.72-1.00)
1.00 (0.40-1.00)
0.38 (0.09-0.76)
0.96 (0.80-1.00)
0.59 (0.33-0.82)
0.96 (0.86-0.99)
0.93 (0.84-0.98)
1.00 (0.03-1.00)
0.87 (0.83-0.89

0.96 (0.91-0.99)
0.99 (0.97-1.00)
0.93 (0.80-0.98)
0.98 (0.97-0.99)
0.97 (0.89-1.00)
1.00 (0.86-1.00)
0.95 (0.84-0.99)
0.99 (0.98-1.00)
0.96 (0.93-0.98)
0.98 (0.92-1.00)
0.98 (0.92-1.00)
0.96 (0.93-0.97)
0.98 (0.89-1.00)
0.87 (0.74-0.95)
0.99 (0.93-1.00)
0.99 (0.97-1.00)
1.00 (0.99-1.00)
1.00 (0.98-1.00)
0.98 (0.96-0.99)
0.97 (0.89-1.00)
1.00 (0.91-1.00)
0.98 (0.98-0.98)

Cl = confidence interval

stones. LUS has a number of advantages in that it does not
involve ionising radiation, is quicker to perform, has a
lower technical failure rate and can be used safely in preg-
nancy and for patients with a contrast allergy. IOC requires
additional theatre personnel, disposable cholangiography
catheters, an image intensifier and a longer procedure
time. As a result, the cost of IOC is approximately double
that of LUS ($665 vs $362).>*

LUS has a unique benefit in assessing biliary anatomy
as it can be used dynamically throughout the dissection,
unlike 10C, which can usually only be performed once.
The addition of colour Doppler imaging to standard LUS
can also aid visualisation of important surrounding struc-
ture such as the hepatic artery and portal vein. 10C
requires isolation and cannulation of a duct. As well as
causing bile spillage, IOC may even lead to inadvertent
biliary tract injury although this is rare and evidence from
large case series suggests that IOC might reduce bile duct
injury or at least that it is not associated with adverse out-
comes.*” Potential limitations of LUS include the inability

to detect bile leaks from hitherto unidentified branches
and subtle biliary injuries.

The limited analysis presented here comparing LLUS and
I0C in the visualisation of the biliary tree indicates that
evaluation of the intrapancreatic portion of the CBD is
more accurate with I0C. I0C can confirm patency of the
lower end of the CBD by passage of contrast into the
duodenum.

At present, the main disadvantage of LUS is the surgeon’s
familiarity with the procedure and the cost investment
required to purchase the probe. LUS is very user dependent
and relies heavily on the experience of the surgeon. There
is evidence that the learning curve is relatively slow, in the
order of approximately 40 LUS procedures.*!

Study limitations

Overall, the quality of the studies was of a good standard
although the QUADAS criteria identified potential areas of
bias. In all of the studies, a true negative was inferred if
both index tests were negative since a ductal exploration
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Sensitivity Intraoperative cholangiography
1
Symmetric SROC
0.9 AUC = 0.9843
SE(AUC) = 0.0055
Q* = 0.9456
081 SE@”) = 0.0113
0.7 4
0.6
0.5
0.4
0.3
0.2
0.1
0 0.2 0.4 0.6 08
1-specificity
Sensitivity Laparoscopic ultrasonography
1
Symmetric SROC
0.9 /o AUC = 0.9821
L SE(AUC) = 0.0106
Q*=0.9413
084 SE(Q*) = 0.0208
0.7 4
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0.5
0.4
0.3
0.2
0.1
0 0.2 0.4 06 08
1-specificity
Figure 2 Summary receiver operating characteristic curves for
the two procedures

would not be ethical in this situation. Despite this, routine
follow-up review took place in only ten studies as a means
of excluding clinical events secondary to missed ductal
stones.!>33:35-39:42:4546 1, the studies that did perform
follow-up, no patients were diagnosed subsequently with
ductal stones. Although the length of follow-up was limited
(range: 6-30 months), these results indicate that true nega-
tives were identified accurately at the time of intraopera-
tive imaging.

A major limitation of this meta-analysis is the absence of
any randomised controlled trials comparing these techni-
ques. Only three studies were designed so that the IOC and
LUS results were interpreted by separate individuals, and
they were both blinded to each other’s findings.’>**% In
most of the studies, however, the same person performed
and interpreted both of the index tests, which is clearly a
source of potential bias. In these studies, the order in
which LUS and 10C were performed in each patient may
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have led to a confirmation bias on the outcome of the sec-
ond test performed.

In general, the papers had very little information of
the inclusion criteria. In fact, 16 studies omitted a clear
description of their inclusion criteria,!%!%15:17:30,32,35-58,40-45
Three studies stated clearly that they had excluded patients
at high risk of CBD stones.>’**® Little information was
given on the experience of the surgeons performing the
procedures for either LUS or 10C.

Conclusions

LUS is comparable with IOC in the detection of CBD stones
and visualisation of the biliary tree. The main advantages
of LUS are safety, reduced procedure time, reduced cost
and unlimited use. There is a significant outlay cost and
learning curve associated with LUS but there is also an
undoubted long-term benefit. As probe technology contin-
ues to improve, it may be that LUS becomes superior to
10C. Further studies with modern day probes are required
to investigate this further.
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