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Objective: Prospectively evaluate whether for patients having lapa-
roscopic cholecystectomy with failed trans-cystic duct clearance of
bile duct (BD) stones they should have laparoscopic chole-
dochotomy or postoperative endoscopic retrograde cholangiography
(ERCP).
Summary Background Data: Clinical management of BD stones
found at laparoscopic cholecystectomy in the last decade has fo-
cused on pre-cholecystectomy detection with ERCP clearance in
those with suspected stones. This clinical algorithm successfully
clears the stones in most patients, but no stones are found in 20% to
60% of patients and rare unpredictably severe ERCP morbidity can
result in this group. Our initial experience of 300 consecutive
patients with fluoroscopic cholangiography and intraoperative clear-
ance demonstrated that, for the pattern of stone disease we see, 66%
of patients’ BD stones can be cleared via the cystic duct with
dramatic reduction in morbidity compared to the 33% requiring
choledochotomy or ERCP. Given the limitations of the preoperative
approach to BD stone clearance, this trial was designed to explore
the limitations, for patients failing laparoscopic trans-cystic clear-
ance, of laparoscopic choledochotomy or postoperative ERCP.
Methods: Across 7 metropolitan hospitals after failed trans-cystic
duct clearance, patients were intraoperatively randomized to have
either laparoscopic choledochotomy or postoperative ERCP. Exclu-
sion criteria were: ERCP prior to referral for cholecystectomy,
severe cholangitis or pancreatitis requiring immediate ERCP drain-
age, common BD diameter of less than 7 mm diameter, or if
bilio-enteric drainage was required in addition to stone clearance.
Drain decompression of the cleared BD was used in the presence of
cholangitis, an edematous ampulla due to instrumentation or stone

impaction and technical difficulties from local inflammation and
fibrosis. The ERCP occurred prior to discharge from hospital.
Mechanical and extracorporeal shockwave lithotripsy was available.
Sphincter balloon dilation as an alternative to sphincterotomy to
allow stone extraction was not used. Major endpoints for the trial
were operative time, morbidity, retained stone rate, reoperation rate,
and hospital stay.
Results: From June 1998 to February 2003, 372 patients with BD
stones had successful trans-cystic duct clearance of stones in 286,
leaving 86 patients randomized into the trial. Total operative time
was 10.9 minutes longer in the choledochotomy group (158.8
minutes), with slightly shorter hospital stay 6.4 days versus 7.7 days.
Bile leak occurred in 14.6% of those having choledochotomy with
similar rates of pancreatitis (7.3% versus 8.8%), retained stones
(2.4% versus 4.4%), reoperation (7.3% versus 6.6%), and overall
morbidity (17% versus 13%).
Conclusions: These data suggest that the majority of secondary BD
stones can be diagnosed at the time of cholecystectomy and cleared
trans-cystically, with those failing having either choledochotomy or
postoperative ERCP. However, because of the small trial size, a
significant chance exists that small differences in outcome may
exist. We would avoid choledochotomy in ducts less than 7 mm
measured at the time of operative cholangiogram and severely
inflamed friable tissues leading to a difficult dissection. We would
advocate choledochotomy as a good choice for patients after Billroth
11 gastrectomy, failed ERCP access, or where long delays would
occur for patient transfer to other locations for the ERCP.

(Ann Surg 2005;242: 188–192)

The ideal management of bile duct (BD) stones in the era
of laparoscopic cholecystectomy remains controversial.

Options range from endoscopic retrograde cholangiography
(ERCP) in all or selected patients, through to clearance of
the BD through the cyctic duct or via laparoscopic chole-
dochotomy.

Clinical management of BD stones in the last decade
has focused on precholecystectomy detection with ERCP
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clearance in those with suspected stones.2,3,11,14 This clinical
algorithm successfully clears the stones in most patients, but
no stones are found in 20% to 60% of patients, and rare
unpredictable severe morbidity can result in this group. In-
creasing efforts to reduce the number of nontherapeutic
ERCPs using MRCP3 and endoscopic ultrasound11 are being
undertaken. Our initial experience of 300 consecutive pa-
tients with fluoroscopic cholangiography and intraoperative
clearance demonstrated that, for the pattern of stone disease
we see, 66% of patients’ BD stones can be cleared via the
cystic duct with dramatic reduction in morbidity compared
with the 33% requiring choledochotomy or ERCP.23 Further-
more, increased accuracy of detecting BD stones prior to
cholecystectomy has not yet been able to predict which stones
will be able to be extracted via the cystic duct and which
patients would require choledochotomy or ERCP.

Given the limitations of the preoperative approach to
BD stone clearance, this trial was designed to explore the
limitations of the alternative approach where, for patients
failing laparoscopic transcystic BD stone clearance during
cholecystectomy, we compared the outcomes of BD stone
clearance by laparoscopic choledochotomy or postoperative
ERCP.

METHODS
Within 7 Brisbane metropolitan hospitals, patients with

symptomatic gallstones and suspected BD calculi on the basis
of clinical presentation of raised liver function tests, jaundice,
biliary pancreatitis, cholangitis, or imaging showing BD
stones or BD dilation were consented for the trial.

Exclusion criteria were: ERCP prior to referral for
cholecystectomy, severe cholangitis or pancreatitis requiring
immediate ERCP drainage, common BD diameter of less than 7
mm diameter at operative cholangiography, or if bilioenteric
drainage was required in addition to stone clearance.

Laparoscopic exposure was obtained using one 11-mm
Hasson port for the telescopes and three 5-mm subcostal ports.
Additional ports were placed if improved exposure was re-
quired. All suspected BD calculi had these confirmed by oper-
ative cholangiogram. Where feasible, these were removed by
transcystic clearance. Inability to clear the stones transcystically
led to intraoperative randomization for either choledochotomy
or postoperative ERCP. Randomization was achieved by phone
call to the trial center available 24 hours a day.

Prophylactic antibiotics were used, usually third-gener-
ation cephalosporins. Choledochotomy was by supraduode-
nal exposure of common BD and longitudinal incision to a
length sufficient to easily deliver stones. Stone clearance was
achieved using irrigation, Fogarty balloon sweeps, and
Dormia basket deployment with flexible choledochoscopic
guidance. Complete clearance was finally checked using both
choledochoscopy and then proximal, and distal fluoroscopic

cholangiography. Choledochotomy closure was achieved
with monofilament absorbable sutures.

Drain decompression of the cleared BD was used in the
presence of cholangitis, an edematous ampulla due to instru-
mentation or stone impaction and technical difficulties from
local inflammation and fibrosis. When BD decompression
was used, the choice of passing an antegrade 10-Fr stent
across the ampulla of Vater27 or T-tube insertion was left up
to individual surgeon’s choice. Closure of the cystic duct was
by clips or endoloop. Subhepatic peritoneal closed suction
drainage was routinely used in all cases.

T-tube removal after check cholangiography was per-
formed after a minimum of 3 weeks. Antegrade stents were
removed by endoscopy after 4 weeks.

The patients randomized to ERCP BD clearance pro-
ceeded to cholecystectomy with cystic duct ligation with an
endoloop. Subrandomization of this group occurred with half
of the patients having transcystic antegrade 10-Fr transamp-
ullary stent insertion.27 A subhepatic peritoneal closed suc-
tion drain was placed and ERCP clearance of the BD was
planned by immediate postoperative phone contact with the
participating gastroenterologist. The ERCP occurred prior to
discharge from hospital.

ERCP clearance was performed with the assistance of
an anesthetist. Side viewing duodenoscopes were used with
standard and needle knife papillotomes when precut papil-
lotomy was required. Mechanical and extracorporeal shock-
wave lithotripsy was available. Sphincter balloon dilation as
an alternative to sphincterotomy to allow stone extraction was
not used.

Operative time was calculated on the basis of the surgical
procedure(s) added to time taken to perform ERCP(s). Bile
leak was defined as the presence of any bile in the subhepatic
peritoneal suction drains. Hospital stay was calculated from
the date of operation until discharge. Major endpoints for the
trial were operative time, morbidity, retained stone rate,
reoperation rate, and hospital stay.

Participating surgeons were experienced laparoscopic
biliary surgeons with a large published experienced in lapa-
roscopic choledochotomy and suture techniques.23 Initial trial
design estimates of 262 patients were based on the desire to
detect a 15% difference of means of endpoints with a 80%
power at the 5% level. The trial was concluded after 5 years
of patient accrual and prior to reaching our target numbers.
Monitoring of slow accrual led to attempts to broaden the trial
to multiple centers around Australia but was not successful.
Recalculation of trial power with a total of 86 patients gives
an 80% expectation that a 25% difference in endpoints would
have been detected at the 5% level.1

Analysis of results was based on the intention-to-treat
randomization.

Trial design, informed consent, and procedures were
carried out according to the Declaration of Helsinki 1976 as
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subsequently modified by the Australian Health and Medical
Research Council on Human Experiments and on Scientific
Practice. Ethical review and agreement for the conduct of the
trial within the Brisbane metropolitan area were granted by
each of the 7 separate participating hospitals’ human ethics
trial review committees.

RESULTS
From June 1998 to February 2003, 372 patients had BD

stones documented by transcystic cholangiography at the
time of laparoscopic cholecystectomy; 286 patients had suc-
cessful transcystic duct clearance of stones, leaving 86 pa-
tients randomized into the trial (Fig. 1). All patients random-
ized had the allocated treatment performed. The patient
demographics are shown in Table 1. There was a trend to
higher mean bilirubin in the ERCP group. Those patients with
preoperative pancreatitis had mild to moderate disease as
evident on their Glasgow scoring. Only 1 patient in this group
continued with pancreatitis as a feature of the postoperative
course.

In the postoperative recovery, bile was detected in the
subhepatic drain of 5 patients, 2 settling after a few days
observation. In the 3 with ongoing bile leak, 2 were treated by
ERCP, and 1 by laparoscopic reoperation and cystic duct
stump religation. Bile leak occurred in 4 of 24 primary duct
closures and 1 of the 10 with primary closure and stent. One
patient after removal of T-tube 22 days postoperatively de-
veloped bile peritonitis requiring ERCP to control.

Pancreatitis developed in the postoperative period in 9
patients. In 7 patients, this was entirely biochemical, with

untroubled recovery. One further patient in each group, how-
ever, developed clinical pancreatitis of moderate severity,
neither requiring reoperation.

Early reoperation was required in 4 patients. Two
ERCP patients required operation for failed ERCP clearance
of stones. As mentioned above, 1 patient in the chole-
dochotomy arm had reoperation for cystic stump leak and
another for signs of sepsis (nil found) prior to being trans-
ferred to the ICU.

Perioperative details are contrasted in Table 2. No
patient in the ERCP group had more than 2 ERCPs.

FIGURE 1. Trial Randomization.

TABLE 1. Patient Demographics

ERCP Choledochotomy P

No. 45 41
Age (yr) �mean (range)� 59.6 (18–92) 56.1 (17–91) 0.43
Male/female 17/28 16/25
ASA 1–5 status (median) 2 (1–5) 2 (1–4) NS
Serum bilirubin �mol/L

(mean)
59.1 35.1 0.07

White cell count �109/L
(mean)

10.0 8.9 0.20

No. with jaundice and
leukocytosis

7 6

No. with preoperative
pancreatitis

9 4

Glascow Score26 (mean) 1.6 2.3 0.16
No. with raised serum

creatinine
3 0

NS, not significant.

TABLE 2. Operative Data

ERCP Choledochotomy P

No. of stones (mean) 3.2 4.6 0.20
Diameter of CBD (mm)

(mean)
11.3 11.5 0.78

Operative time: surgery
(min)

102.8 152.7

ERCPs (min) 45.1 6.1
Total (min) 147.9 158.8 0.49
Bile duct closure NA
Primary 24
Antegrade stent 10
T-tube 7
Open conversions 1 1
No. having 2 ERCPs 11 0

NA, not applicable.
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For those having choledochotomy, BD diameters in the
groups were similar: 9.6 mm in the T-tube group, 12 mm in
the primary closure group, and 12 mm in the primary closure
with stent group. However, operative times for the groups,
202 minutes, 121 minutes, and 192 minutes, respectively,
were different (P � 0.006). This probably reflected the
surgeon’s choice of reserving drainage for the more techni-
cally complex cases. One late reoperation has occurred in
each patient group. The choledochotomy patient 12 months
after primary closure of an 11-mm diameter duct developed a
stricture in that area, which was repaired by Roux-en-Y
jejunal reconstruction. The ERCP patient presented 10
months postoperatively with a stricture at the cystic duct
stump level (9-mm duct) and also required Roux-en-Y recon-
struction.

One patient in the choledochotomy group proved to
have a carcinoma of the lung, and 1 in the ERCP group was
found to have a carcinoma of the head of pancreas.

DISCUSSION
Bile duct stones seen in Australia are largely a result of

migration down the cystic duct with a small percentage of
older patients having primary duct stones. Presentation with
Asian recurrent pyogenic cholangitis is rare. For most of our
patients, cholecystectomy remains central to prevent stone
reformation.17

Laparoscopic cholecystectomy has tended to encourage
surgeons to clear the BD of stones preoperatively by
ERCP.2,3,11,14,16,21,24 Indeed, most efforts in this area center
on efforts to make these ERCPs more frequently therapeutic
and less often diagnostic given its inherent cost and morbid-
ity.3,12,13,15 This trend occurred despite data in the open
cholecystectomy era to suggest one-stage surgical clearance
was superior to 2-stage clearance using ERCP preoperative-
ly.28 Patients still have stones detected on operative cholan-
giograms by surgeons using this approach, who are then left
with the dilemma of relying on postoperative ERCP, a lapa-
roscopic exploration and its technical demands, or a more
familiar open choledochotomy.

Our initial approach at cholecystectomy as it evolved as
a laparoscopic procedure was to continue the logic of single-
stage surgical approach if possible.4,5,7,9,10,19 Interestingly,
improved laparoscopic transcystic BD stone extraction tech-
niques evolved (not exploited in open cholecytectomy), al-
lowing two thirds of these stones, detected on operative
cholangiogram at the time, to be removed transcystically, and
patients recover in a manner very similar to uncomplicated
laparoscopic cholecystectomy18–25 (Fig. 1). This approach
not only avoids the risks inherent in ERCP to healthy young
patients without BD stones, but preoperatively simplifies
most patient investigation to an ultrasound and liver function
tests.6 The cholangiogram also adds increased security to the
dissection by increased information about biliary anatomy.

This clinical approach does, however, hinge on the simple
technique of performing an operative cholangiogram.19

Reviewing our early laparoscopic BD stone experience
and seeing it mirrored in other groups around the
world,4,5,9,18,20,24,25 we became much more focused on the
relative merits of laparoscopic choledochotomy and postop-
erative ERCP in the remaining one third of patients. Clinical
equipoise in this group with regard to retained stones, reop-
eration rate, and morbidity appeared to be present, and is
what prompted this trial.18,20,21,25

The widely held view is that detection of BD stones at
operation and then reliance on postoperative ERCP clearance
is likely to increase patient morbidity from ERCP failure and
subsequent feared need for further surgery.2,8 The often
unstated assumption of proponents of preoperative ERCP
clearance is that failure of ERCP preoperatively will allow
surgical clearance as a single procedure (laparoscopic or
open) without the need for a third procedure. Indeed, reop-
eration for a variety of reasons postcholedochotomy is well
documented in 5% of cases, which approximates the rate of
4% to 8% failures requiring surgery after postoperative
ERCP.21,23–25 In this trial, reoperation occurred in 7.3%
choledochotomy patients versus 6.6% in the ERCP group
(Table 3).

Many skeptical surgeons assessing the applicability of
this trial to the wider community setting should appreciate
that it involved a number of surgeons and occasionally surgeons
in training and gastroenterologists performing ERCP with a
variety of experience in 7 separate hospitals with quite
marked variations in equipment available. The costing of
either the ERCP or choledochotomy approach was not ad-
dressed in the execution of this trial because the required
resourcing to carry it out accurately was not available.

TABLE 3. Postoperative Outcomes (No Mortality)

ERCP Choledochotomy P

Bile leak 0 6 (2 settled, 3 ERCP,
1 reoperation)

0.01

Pancreatitis
Biochemical 4 3
Clinical (Glascow

Score26)
1 (2) 1 (4)

Severe sepsis 1 1
Retained stone 2 (reoperation) 1 (ERCP)
GI bleed 2 (transfusion) 0
Reoperation 3 3
Overall significant

morbidity
6 (13%) 7 (17%) NS

Hospital stay
(mean) (days)

7.7 6.4 0.57

NS, not significant.
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These short-term data suggest in our view that the
majority of secondary BD stones can be diagnosed at the time
of cholecystectomy and cleared via the cystic duct, with those
failing having either choledochotomy or postoperative ERCP.

We would avoid choledochotomy in ducts less than
7 mm measured at the time of operative cholangiogram and
severely inflamed friable tissues leading to a difficult dissec-
tion. We would advocate choledochotomy as a good choice
for patients after Billroth 11 gastrectomy, failed ERCP ac-
cess, or where long delays would occur for patient transfer to
other locations for the ERCP.

The small trial size after 5 years of recruitment carries
the inherent likelihood of a type II error and so miss a small
difference in endpoints. Our hope is that with publication of
similar experience from other centers in years to come,
meta-analysis may help to improve this flaw.
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