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Abstract
Background: In the absence of facilities and expertise for
laparoscopic bile duct exploration (LBDE), most pa-
tients with suspected ductal calculi undergo preoperative
endoscopic duct clearance. Intraoperative cholangiog-
raphy (IOC) is not performed at the subsequent lapa-
roscopic cholecystectomy. This study aimed to
investigate the rate of successful duct clearance after
simple transcystic manipulations.
Methods: This prospective study investigated 1,408 pa-
tients over 13 years in a unit practicing single-session
management of biliary calculi. For the great majority,
IOC was attempted. Abnormalities were dealt with by
flushing of the duct, glucagon injection, Dormia basket
trawling, choledochoscopic transcystic exploration, or
choledochotomy.
Results: Of 1,056 cholangiograms performed (75%), 287
were abnormal (27.2%). Surgical trainees, operating
under supervision, successfully performed 24% of all
cholangiograms. Of 396 patients admitted with biliary
emergencies, 94.1% had abnormal cholangiograms. Of
the 287 patients with abnormal IOCs, 9.4% required no
intervention, 18% were clear after glucagon and flush-
ing, and 13% were cleared using Dormia basket trawling
under fluoroscopy. A total of 95 patients required for-
mal LBDE, and 2 required postoperative endoscopic
retrograde cholangiopancreatography (ERCP). No
postoperative ERCP for retained stones was required
after simple transcystic manipulation. Eight conversions
occurred, one during a transcystic exploration. Follow-
up evaluation continued for as long as 6 years in some
cases. Two patients had recurrent stones after LBDE
and a clear postoperative tube cholangiogram.

Conclusion: In this series, 10% of the abnormal chol-
angiograms occurred in patients without preoperative
risk factors for bile duct stones. Altogether, 88 IOCs
(31%) were cleared after either simple flushing or
trawling with a Dormia basket. Formal LBDE was not
required for 40% of abnormal cholangiograms. Simple
transcystic manipulations to clear the bile ducts justify
the use of routine IOC in units without laparoscopic
biliary expertise.
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The debate about the use of intraoperative cholangiog-
raphy (IOC) continues, with recent reviews advocating a
selective approach during laparoscopic cholecystectomy
(LC) [1]. This is mainly because magnetic resonance
cholangiopancreatography (MRCP) is emerging as the
investigation of choice for patients with suspected ductal
stones. In one study, MRCP demonstrated a sensitivity
of 100% and a specificity of 96.3% [2]. Therapeutic
endoscopic retrograde cholangiopancreatography
(ERCP) may be required afterward to clear ductal stones
before a LC. This two-session approach does not address
some important issues such as clinically silent duct
stones, spontaneous passage of stones found at MRCP
during the wait for ERCP, or the likelihood of further
stones passing into the bile duct between ERCP and LC
or at the time of LC, because of excessive gallbladder
handling before the cystic duct is secured. This approach
is not necessary when IOC is performed for the great
majority of patients treated in units practicing single-
session laparoscopic management for all comers.

Although single-stage laparoscopic treatment of
gallstones has been studied in prospective randomized
trials [3, 4] and found to be superior to sequential
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endoscopic and laparoscopic treatment in terms of both
clinical and economic outcome, many surgeons have
been reluctant to adopt the procedure because it requires
advanced levels of technical skills, availability of
equipment, and logistic support. We aim to show that
IOC is a useful tool, and that it can facilitate simple
transcystic maneuvers used to clear the ducts in a pro-
portion of patients who would otherwise have multiple
diagnostic and therapeutic procedures and a longer
hospital stay.

Patients and methods

Data and operative details were collected prospectively over a period
of 13 years (1992–2004) in a unit practicing single-session management
of all comers with gallstone disease. All the patients (n = 1,408)
underwent surgery by a single consultant surgeon or in his presence.
Both elective and emergency admissions were recruited. Hospital
protocols were established to ensure that most emergency biliary
admissions to any unit and all those with suspected bile duct stones
were referred to the biliary unit after initial resuscitation and pain
control.

Patients presented with biliary pain, acute cholecystitis, pancrea-
titis, obstructive jaundice, cholangitis, or a combination of these
symptoms. All underwent preoperative investigations including an
ultrasound scan and blood biochemistry assessment. Patient details
were recorded on a proforma and entered into a Microsoft 2000 Access
database. The use of MRCP was reserved for patients unfit for general
anesthesia and those who showed no gallstones on ultrasound exam-
ination. Only those who had ductal calculi and remained unfit for
surgery were referred for ERCP.

We use a standard four-port cholecystectomy. Intraoperative
cholangiography is performed after preparation and distal intracor-
poreal ligation of the cystic duct to prevent stone migration and inci-
sion of its anterior wall. The cannulation unit comprises a 4-Fr ureteric
catheter threaded through a cholangiography cannula. The unit is
introduced into the abdomen via the right subcostal port, and the
ureteric catheter then is advanced into the cystic duct incision without
clamping, clipping, or ligating of the cystic duct around it (Fig. 1).
Occasional resistance offered by valves in the cystic duct can, in most
cases, be overcome by injecting saline or by gentle stretching using a
‘‘duckbill’’ or curved grasper to enable introduction of the catheter. It
also is important to ensure that there are no stones in the proximal
cystic duct. Cholangiography is obtained by injecting diluted contrast
material under fluoroscopic control. Complete assessment of the bili-
ary tree is almost always possible before any contrast leaks from the
cystic duct incision. A cholangiography clamp is used only when the

catheter cannot be passed into the common bile duct (CBD) or when
obvious extravasation of the contrast occurs.

Initial attempts at transcystic duct clearance were performed when
CBD stones were discovered at IOC, unless it was obvious from the
size of the stone that a choledochotomy would be required to retrieve
it. Saline flushing after glucagon injection was attempted first, followed
by trawling with a Dormia basket either blindly or under fluoroscopic
control. Flushing of the CBD, used in the case of single or multiple
relatively small stones, was facilitated by the administration of gluca-
gon.

Care was taken to avoid high-pressure flushing because this could
have resulted in displacement of lower bile duct stones into the int-
rahepatic ducts. If duct clearance was unsuccessful, transcystic chole-
dochoscopic examination using a 2.8-mm choledochoscope was
attempted. The indications and the technique of choledochoscopic bile
duct exploration are not the subject of this report.

Cholangiography was repeated to confirm duct clearance. Trans-
cystic biliary drains were inserted after exploration for multiple stones,
when stone fragmentation had occurred, or when repeated manipula-
tion including passage of the Dormia basket through the papilla was
necessary.

Results

In this study, 77% of the patients undergoing IOC were
women. The median age was 51 years (mean, 51.3 years;
range, 14–89 years). Of the 1,408 patients, 390 (28%)
were emergency admissions.

Of the 1,056 patients (75%) who underwent IOC, 467
had risk factors for ductal stones. The threshold for
performing an IOC was very low and based on preop-
erative and intraoperative findings. Most of the patients
who did not undergo a cholangiogram had no clinical,
biochemical, or radiologic evidence of CBD stones. In
some cases, cystic duct cannulation was difficult, and no
further attempts were made to obtain an IOC. In a small
number of patients with strong evidence of a CBD stone
or previously failed ERCP and stone extraction, the
decision to progress to CBD exploration was made from
the start without resort to a cholangiogram. Altogether,
287 cholangiograms were reported as abnormal (Ta-
ble 1). Preoperative ultrasound evidence of duct dila-
tion, ductal stones, or both seemed to be the factor most
predictive of a positive IOC (50.8%) (Table 2).

Cholangiograms were considered abnormal if they
showed any of five characteritistics: filling defects, no
contrast flowing to the duodenum, anatomic variation,
strictures, or a dilated duct.

Abnormal cholangiograms attributable to anatomic
variation, CBD stricture, or dilated CBD without any
filling defects did not require any intraoperative inter-
vention and were labeled as such. There were 396
emergency admissions in the whole series. A total of 373
patients underwent IOC (94.1%). Of the 1,056 cholan-

Fig. 1. Ureteric catheter in cystic duct incision without clamping,
clipping, or ligating of the cystic duct around it.

Table 1. Abnormal intraoperative cholangiography (IOC) findings

Cholangiogram findings Isolated With other findings

Filling defects 97 227
No flow 11 58
Dilated ducts 25 150
Anatomic variations 8 10
Strictures 5 13
Total 146 287

956



giograms, more highly trained surgical trainees suc-
cessfully managed 253, which represented 100% of those
they attempted and 24% of all the cholangiograms
performed.

In some cases, the decision to perform an IOC was
made intraoperatively. The finding of wide cystic ducts
in 56 patients without preoperative risk factors promp-
ted cholangiography, and 14 were found to have filling
defects in the CBD. The presence of cystic duct stones in
102 cases with no suspicion of choledocholithiasis was
associated with 31 bile duct filling defects observed on
cholangiography.

Clinically, silent duct stones were detected in 59
(10%) of 589 IOCs performed with no preoperative risk
factors such as jaundice, history of jaundice, deranged
liver function tests (LFTs), or ultrasound evidence
(Table 3). This group, however, had intraoperative risk
factors including wide cystic ducts in 56 cases and cystic
duct stones in 86 cases.

After a positive IOC, simple initial attempts at trans-
cystic clearance were made. In the early years of the study
(1992–1995), six patients had IOCs showing suspected
small filling defects, but no attempt wasmade at clearance
either because transcystic exploration facilities were
lacking or because the filling defects were small. Open
exploration followed one failed transcystic choledocho-
scopic exploration (stone-impacted lower CBD) and four
failed choledochotomies. Bypass procedures were neces-
sary for four patients with impacted stones or anatomic
abnormalities (Fig. 2). No intervention was required in-
traoperatively for a group of patients with anatomic
variations, dilated ducts, and strictures (n = 27).

A total of 238 patients with abnormal cholangiog-
raphy underwent laparoscopic exploration of the bile
duct, 95 through dochotomies and 143 transcystically.

Only 20% of the transcystic exploration group required
the insertion of a choledochoscope. Abnormal cholan-
giograms were cleared in 31% of the patients either by
flushing and glucagon injection (F&G) or by Dormia
trawling with or without fluoroscopic guidance.

There were no bile duct injuries in the series. Four
patients had documented bile leaks into subhepatic
drains, all after laparoscopic bile duct exploration and
dochotomies. All the patients were seen in the outpatient
clinic 6 weeks and 12 months after discharge. Four
postoperative ERCPs were necessary. Two ERCPs were
required for retained stones identified during surgery
that could not be removed with laparoscopic or open
attempts. One ERCP was performed as a prophylactic
measure after a laparoscopic bile duct exploration in
which multiple intrahepatic stones were removed and
clearance confirmed with a T-tube cholangiogram. The
last ERCP in this group of patients was performed after
the discovery of a lower CBD stricture on the IOC,
which was subsequently diagnosed as pancreatic cancer.

After long-term follow-up assessment, two more
ERCPs were required: the one performed 9 months and
the other more than 2 years after surgery for recurrent
stones. Both patients had undergone successful ductal
explorations and normal postoperative tube cholangi-
ography.

Discussion

In the past, routine intraoperative cholangiogram has
been advocated for the diagnosis of unsuspected ductal
stones and for aid in delineating the biliary anatomy [5,
6]. The adoption of a two-session approach for the
management of suspected ductal stones, the perception
that IOC is difficult and time consuming, and advances in
preoperative detection of ductal stones in recent years
have led to the relative decline in IOC. Virtual reality
cholangioscopy using software to reconstruct magnetic
resonance images has shown 71% sensitivity and 91%
specificity for ductal stones [7]. Ultrasound [8] and more
recently magnetic resonance cholangiography (MRC) [2,
9] have become increasingly reliable in detecting bile duct
stones. There can be no doubt that the future holds even
greater advances in the accuracy of imaging techniques,
but all said, IOC and ERCP will continue to have a
dominant role in the management of ductal stones.

Table 2. Individual risk factors for duct stones and their predictive
value

Risk factor
Abnormal cholangiogram
(n = 280)

Predictive
value (%)

US dilated CBD ± stone 142 50.8
Jaundice 104 37.3
Deranged LFTs 130 46.6
History of jaundice 22 7.9
Wide cystic duct 88 31.5
Cystic duct stones 78 28.0

US, ultrasound; CBD, common bile duct; LFT, liver function test

Table 3. Abnormal cholangiography with clinically silent duct stones

Abnormal cholangiography without
CBD stone risk

Elective
(n = 46)

Emergency
(n = 13)

Total
(n = 59)

Filling defects 35 11 46
Dilated ducts 4 1 5
No flow 5 0 5
Stricture 2 1 3
Total 46 13 59

CBD, common bile duct

Stones

2%5%

9%

33%

18%

13%

20%

50%

Left Open No IV CBDE F&G Dormia Choled

Fig. 2. Management of positive cholangiography findings.
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Despite its potential for serious complications,
ERCP continues to play a role [10, 11]. This has led to
the emergence of MRC as the tool of choice for sus-
pected ductal stones, followed by ERCP for the clear-
ance of confirmed ductal stones before surgery. In our
series, 10% of the patients had no preoperative evidence
of ductal stones, which compares with reports in the
literature [12, 13], one of which documented 11% silent
CBD stones detected on IOC [14]. This remains a sig-
nificant percentage of hospital admissions for calculus
biliary disease and represents a failure in terms of pre-
operative CBD stone prediction and clearance.

In this series, routine IOC was performed during LC,
followed by ERCP for those with abnormal IOC results.
False-positive IOC in 0.8% of the cases [15] and spon-
taneous passage of stones before ERCP (�25%) [16, 17]
were found to be the reasons for the absence of stones at
ERCP. In a review of nine series [1] involving 5,179
laparoscopic cholecystectomies performed without IOC,
problems related to retained stones developed for 15%
of the patients. We found that almost 80% of silent
stones in our series occurred in cases of elective admis-
sions, which may lend support to the theory that only a
small proportion of silent CBD stones become symp-
tomatic. However, it could be argued that, from a
medicolegal point of view and to help facilitate follow-
up planning, it is much better to know which patients
harbor silent CBD stones.

Advocates of selective IOC for ductal stones argue
that it is possible to predict the presence of ductal stones
at the preoperative investigation for most patients. A
second argument is that in the absence of preoperative
risk factors for ductal stones, the small number of
undetected ductal stones will remain asymptomatic or
pass spontaneously in a majority of cases. However, in
the absence of facilities for MRCP/ERCP, those who
require an IOC during LC would not benefit much from
the procedure because it would be only diagnostic. To
clear the duct in a unit without laparoscopic bile duct
exploration expertise would entail a postoperative
ERCP or open bile duct surgery.

In our series, it was shown that the practice of IOC
can be combined with simple transcystic manipulation
such as flushing or trawling with a Dormia basket to
obtain duct clearance. More highly trained surgical
trainees successfully cleared the CBD in 14 patients by
trawling the stones through the sphincter with the use
of a Dormia basket. The judicious use of a Dormia
basket combined with fluoroscopic guidance makes this
technique a safe practice in the hands of trained sur-
geons. The safety and efficacy of Dormia baskets have
been well demonstrated by their similar use in ERCP
stone extraction. A total of 88 patients (31%) with
filling defects shown on IOC were clear after simple
maneuvers without the need for a choledochoscope.
These simple techniques, based on the basic skill of
cystic duct cannulation, should be mastered by any
laparoscopic surgeon, who could effectively clear the
ducts, avoiding further hospital admissions and inter-
ventions.

Findings have shown that flushing effectively clears
retained stones through a transcystic T-tube (after the

administration of glucagon) under radiologic control
[18]. The same concept can be applied intraoperatively
by trawling with a Dormia basket under fluoroscopy as
presented in this series. In a similar series of laparo-
scopic bile duct explorations [19], nine patients had
stones cleared from the CBD by flushing only, although
there seemed to be no intent to pursue transcystic
clearance by simple maneuvers, which could have led to
a higher rate of duct clearance with the use of trawling
under fluoroscopy. Cystic duct dilation over a guidewire
with a combination of flushing, basket manipulation,
retrieval, fragmentation, or advancement of stones
through the ampulla has been advocated in the past [20].
A recent published series reported a 71% clearance rate
with transcystic exploration and without the use of a
choledochoscope. The same report also concluded that
long-term outcomes after laparoscopic ductal clearance
are similar to those for ERCP clearance [25].

Centers that perform selective IOC have success
rates of 75% to 100%, as compared with success rates of
95% to 100% for patients in centers practicing routine
cholangiography [21]. Surgical trainees successfully
performed cystic duct access and cholangiography in 7%
of the cases in this series, indicating the importance of
overcoming the technical and interpretative learning
curve of IOC for the investigation to be of practical use.
Performance of an IOC leads to the development of
skills that are useful in the context of the diagnostic and
subsequent therapeutic advantage of single-stage man-
agement. A strong case can therefore be made for the
routine use of IOC.

The use of IOC helped to identify aberrant anatomy
and strictures in 13 patients. There were no bile duct
injuries. Proponents of IOC argue that its main advan-
tage is the immediate recognition of bile duct injuries
although it does little to prevent them [22]. It has been
suggested that unclear anatomy would render the
placement of a cholangiogram catheter unsafe because it
could directly injure the bile duct [1]. In our experience,
this has never occurred due to meticulous dissection in
Calot�s triangle, adequate management of cystic duct
stones [23] and Hartman�s pouch stones, and fundus-
first LC [24] to help in cystic duct identification.

Conclusion

Intraoperative cholangiogram remains a useful investi-
gation even in units without full facilities for laparo-
scopic bile duct exploration. It allows single-session
management of suspected bile duct stones in a propor-
tion of patients who would otherwise require MRCP
and/or ERCP, with the potential for complications and
a longer hospital stay. When bile duct stones are con-
firmed, simple transcystic maneuvers may clear the ducts
in up to one-third of those with a positive IOC. This
gives IOC an edge over alternative preoperative diag-
nostic methods. The skills developed during routine IOC
are the mainstay of those required to perform most bile
duct explorations carried out through the transcystic
approach.
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