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bile leak after laparoscopic cholecystectomy is uncommon but
can occur in 0.3–2.7% of patients.1–3 It is defined as the
persistent leakage of bile from the biliary tree. This can
arise from an injury to the common bile/hepatic duct but it
is generally accepted that the vast majority arise from the
cystic duct stump or a sub-vesical duct of Luschka.3 A bile
leak may result in a biliary fistula, a subhepatic/subphrenic
collection and localised or generalised peritonitis. Clearly,
this can be associated with significant morbidity and even
mortality, particularly if it is not identified and treated at an
early stage.4

In the early 1990s when both laparoscopic cholecystecto-
my and minimally invasive techniques were in their infan-
cy, bile leaks were managed conservatively; if the patient
did not improve, a laparotomy was often performed.

Management was anecdotal and based upon the experience
of the surgeon. However, with the advent of improved radi-
ological percutaneous drainage, therapeutic endoscopic
retrograde cholangiography (ERC)5–7 and increased confi-
dence with laparoscopic techniques including suturing,8,9 it
became clear that bile leaks could be managed in a mini-
mally invasive manner, potentially reducing morbidity and
mortality. Prompt access to the full range of techniques is
important, as is a structured approach. In 1998, the hepato-
biliary unit at Leicester Royal Infirmary (LRI) introduced a
protocol for the minimally invasive management of bile
leaks. The purpose of this study is to compare patient out-
come before and after introduction of the protocol in order
to determine the impact of a structured minimally invasive
approach to the management of bile leaks.
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ABSTRACT

INTRODUCTION The management of bile leaks following laparoscopic cholecystectomy has evolved with increased experience of
ERCP and laparoscopy. The purpose of this study was to determine the impact of a minimally invasive management protocol.

PATIENTS AND METHODS Twenty-four patients with a bile leak following laparoscopic cholecystectomy were recorded consecu-
tively between 1993 and 2003. Between 1993–1998, 10 patients were managed on a case-by-case basis. Between
1998–2003, 14 patients were managed according to a minimally invasive protocol utilising ERC/biliary stenting and re-
laparoscopy if indicated.

RESULTS Bile leaks presented as bile in a drain left in situ post laparoscopic cholecystectomy (8/10 versus 10/14) or biliary
peritonitis (2/10 versus 4/14). Prior to 1998, neither ERC nor laparoscopy were utilised routinely. During this period, 4/10
patients recovered with conservative management and 6/10 (60%) underwent laparotomy. There was one postoperative death
and median hospital stay post laparoscopic cholecystectomy was 10 days (range, 5–30 days). In the protocol era, ERC ± stent-
ing was performed in 11/14 (P = 0.01 versus pre-protocol) with the main indication being a persistent bile leak. Re-
laparoscopy was necessary in 5/14 (P = 0.05 versus preprotocol). No laparotomies were performed (P < 0.01 versus pre-protocol) and
there were no postoperative deaths. Median hospital stay was 11 days (range, 5–55 days).

CONCLUSIONS The introduction of a minimally invasive protocol utilising ERC and re-laparoscopy offers an effective modern
algorithm for the management of bile leaks after laparoscopic cholecystectomy.
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Patients and Methods

All bile leaks following laparoscopic cholecystectomy
managed at LRI were recorded prospectively between 1993
and 2003. As a tertiary referral centre, these included
patients from surrounding district general hospitals. Those
who sustained a major bile duct injury were excluded. The
case notes were reviewed retrospectively for each patient.

Prior to March 1998, bile leaks were managed on a case-
by-case basis. Following this, a minimally invasive protocol
was set up in order to provide a clear stepwise approach for
the management of bile leaks (Fig. 1). If this is suspected on
clinical grounds, the first step is to establish and maintain
adequate drainage. If a drain was left in situ at the initial
procedure and continued to drain bile, this is left. If not,
then an ultrasound scan (USS) is performed and any collec-
tion identified drained percutaneously under USS guidance.

If the drainage is successful and adequate then it is
unusual for life-threatening peritonitis or sepsis to develop
subsequently and management is conservative with antibi-
otics and a daily assessment of drain output. In our experi-
ence, drainage of 200 ml or less of bile per day, and reduc-
ing over a period of a few days, is likely to subside on its
own. In some cases, this may be all that is necessary and the

bile leak will slowly reduce and stop. However, if there is
persistent drainage of 200 ml or more of bile per day over a
period of a few days, further intervention is necessary and
an elective ERC is performed. This may demonstrate the
site of bile leak but in any event permits the placement of a
(5–7-cm long) internal stent between the common bile duct
and the duodenum. Furthermore, any stones/sludge
obstructing the free flow of bile down the common bile duct
into the duodenum can be identified and removed. If the
patient is unwell with significant sepsis despite adequate
external drainage of bile, then an ERC and stent insertion is
performed urgently. The bile leak invariably reduces and
stops, allowing resolution of sepsis with conservative meas-
ures. Patients can then be discharged and a second ERC is
undertaken 6 weeks later when the leak has completely
sealed, in order to remove the stent.

The development of peritonitis is life-threatening and
implies that drainage of the bile leak is inadequate. If this
develops, an emergency re-laparoscopy is performed. This
is performed using the port sites placed at the original
laparoscopic cholecystectomy. All bile and any collections
are aspirated and the peritoneal cavity thoroughly irrigated
until the effluent is clear. At this point, the gall-bladder
fossa and cystic duct stump are carefully inspected in order

Figure 1 Protocol for the minimally invasive management of bile leaks post laparoscopic cholecystectomy (1998–2003).
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to try to identify the site of the bile leak. If this can be locat-
ed, a 3.0 vicryl suture is used to close this laparoscopically
and an 18-Fr low suction drain is left in the gall bladder fossa.

Data analysis
Data were not normally distributed and results are
expressed as raw numbers (%) or median values (range).
Continuous variables were analysed using Mann-Whitney
U-tests. Categorical data were compared using Fisher’s
exact test. A P-value < 0.05 was considered to be significant.

Results

A total of 24 patients with a bile leak following laparoscopic
cholecystectomy for symptomatic gallstones were managed
at LRI between 1993 and 2003. Ten of these were between

1993–1998, before the introduction of the minimally
invasive protocol. Fourteen individuals had a bile leak
following this and were managed according to the protocol.
Pre-operative demographics, indications for surgery and
operative details are shown in Table 1. All patients initially
had a standard 4-port procedure performed mainly by
consultant surgeons. More emergency cholecystectomies
were performed and the median operative time was
significantly less in the latter group. On table,
cholangiography was not routinely undertaken and was
unremarkable in the 3 patients in which it was performed.
Three procedures required conversion in the pre-protocol
group; the anatomy of the biliary tree was unclear in one
patient and in two others there were dense adhesions in the
right upper quadrant (RUQ). Subsequently, two procedures
required conversion; due to bleeding from the cystic artery

No protocol Minimally invasive protocol P-value
1993–1998 (n = 10) 1998–2003 (n = 14)

Patient age (years) 51 (25–70) 63 (28–73) 0.26
Sex (male/female) 5/5 6/8 1.00
Indication for surgery 0.70

Biliary colic/chronic cholecystitis 4 (40) 8 (57)
Acute cholecystitis 5 (50) 3 (22)
Empyema 0 1 (7)
Previous obstructive jaundice 1 (10) 1 (7)
Pancreatitis 0 1 (7)

Pre-operative ERCP ± stone removal 5 (50) 2 (14) 0.09
ASA grade 0.13

I 4 (40) 8 (57)
II 4 (40) 4 (29)
III 2 (20) 2 (14)

Elective/emergency surgery 10/0 (100/0) 9/5 (64/36) 0.05
Grade of surgeon 0.55

Consultant 8 (80) 13 (93)
SpR 2 (20) 1(7)

Duration procedure (min) 150 (105–210) 95 (25–135) < 0.01
Operative findings 0.81

Quiescent GB 6 (60) 9 (64)
Inflamed GB 4 (40) 4 (29)
Gangrenous GB 0 1(7)

OTC 2 (20) 1 (7) 0.55
Conversion to open procedure 3 (30) 2 (14) 0.61
Postoperative drain 10 (100) 11 (79) 0.24

GB, gall-bladder; OTC, on-table cholangiogram.
Values expressed as raw data (%) or median (range).

Table 1 Patient demographics, indications for surgery and operative details
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in one and the presence of an inflammatory phlegmon
around the gall-bladder in the other.

The gall-bladder fossa was drained postoperatively in
the majority of patients and bile leaks most frequently pre-
sented as bile in this drain the day after surgery (8/10 pre-
protocol, 10/14 protocol). However, biliary peritonitis was
the first sign of a bile leak in 2 pre-protocol patients and 4
individuals in the protocol group. Both of those in the for-
mer and one patient in the latter group had their drains
removed on the first postoperative day as there had been
minimal drainage and subsequently developed peritonitis
over the next 48 h. The remaining 3 patients post-1998 were
not left with a drain postoperatively and presented 2, 3 and
3 days (respectively) after laparoscopic cholecystectomy.

The therapeutic procedures performed are summarised
in Table 2. Prior to 1998, ERC was not routinely used in the
management of patients with bile leaks. Although this set-
tled with conservative management in 4 (40%) individuals,
the remaining 6 (60%) required operative intervention. The
indications for surgery were biliary peritonitis following
early drain removal in two, persistent drainage of bile (3, 5
and 8 days) in three and the development of a large sub-
phrenic collection in association with a persistent bile leak
(20 days) in a septic patient on ITU. All six individuals
underwent a laparotomy with on-table cholangiography
routinely performed. The site of the leak was an inade-
quately secured cystic duct (n = 2), a hole just proximal to
clips/ligation of the cystic duct (n = 2) or a hole at the junc-
tion of the cystic duct and common bile duct (CBD; n = 2).
In each case, the site of the leak was sutured and a thorough
washout/drainage performed. CBD stones were only identi-
fied in one individual who went on to have exploration of
the CBD and stone removal with insertion of a T-tube. A
postoperative T-tube cholangiogram was unremarkable
and this was removed 12 days after insertion.

Nine of the 10 patients who presented with a bile leak
recovered well with no major complications and no need
for HDU/ITU care. The median hospital stay was 10 days
(range, 5–30 days) post-laparoscopic cholecystectomy and
they were discharged from routine review having made a
good recovery 37 days (range, 24-90 days) later. One patient
was transferred to ITU having developed sepsis and acute
renal failure secondary to a subphrenic collection that was
drained percutaneously. An ERC and stent insertion failed
to control the bile leak and the subphrenic collection re-
accumulated necessitating a laparotomy, suture of the cys-
tic duct stump leak and drainage. Although the bile leak
was controlled, the patient died of a cardiac event 7 days
after this.

Following the introduction of the minimally invasive
protocol (Fig. 1), 9/14 (64%) patients were managed non-
operatively. Of these 9 cases, one was managed with simple
drainage alone and settled spontaneously. However, ERC
was employed in the management of the remainder (n = 8;
89%), as well as in 3 individuals who in addition required
surgical intervention. The main indication for ERC was a
persistent bile leak and this was performed a median of 5
days (range, 2–66 days) after the original laparoscopic
cholecystectomy. In 4 individuals, the site of the leak was
identified as the cystic duct stump but in the remainder this
was unclear. In 4 other patients common bile duct stones
were identified and an endoscopic sphincterotomy per-
formed in order to retrieve these and allow any further
stone fragments to pass. An internal biliary stent was rou-
tinely left in situ in order to promote preferential drainage
of bile into the duodenum attenuating the leak and allowing
it to stop. These were removed in all patients 6 weeks after
discharge. There were no complications directly relating to
ERC. However, of those managed conservatively, one
patient developed a pneumonia requiring ventilation on

No protocol Minimally invasive protocol P-value
1993–1998 (n = 10) 1998–2003 (n = 14)

Percutaneous USS-guided aspiration/drainage 3 (30) 4 (29) 1.00
ERCP 2 (20) 11 (79) 0.01

Stone extracted 0 4 (29)
Endoscopic sphincterotomy 0 4 (29)
Stent insertion 1 (10) 10 (72)

Laparoscopy 0 5 (36) 0.05
Laparotomy 6 (60) 0 (0) < 0.01

Values expressed as raw data (%).

Table 2 Management of bile leaks before and after the introduction of a minimally invasive protocol



AHMAD SAUNDERS LLOYD LLOYD ROBERTSON AN ALGORITHM FOR THE MANAGEMENT OF BILE LEAK FOLLOWING
LAPAROSCOPIC CHOLECYSTECTOMY

Ann R Coll Surg Engl 2007; 89: 51–56 55

ITU and a second developed severe sepsis requiring a pro-
longed (40-day) ITU admission. Both made a good recovery.

Operative intervention was necessary in 5/14 patients,
all of whom were managed laparoscopically. Biliary peri-
tonitis was the initial presentation in four patients (2 of
whom had both ERC and stenting and surgery on the same
day). In the other, this developed 8 days after laparoscopic
cholecystectomy when the bile leak was thought to have
resolved and the drain removed (post ERC and stenting).
The site of the leak was a subsectoral duct of Luschka in the
GB bed in 2 patients and this was sutured. In the remaining
3 individuals, the site of the leak could not be positively
identified and they underwent lavage and drainage.
Postoperatively, 2 patients required HDU monitoring for 24
h and 48 h, respectively, but made a rapid recovery subse-
quently. In addition, one individual was re-admitted follow-
ing discharge home with a pelvic collection that required
percutaneous drainage.

The median hospital stay for patients who followed the
minimally invasive protocol was 11 days (range, 5–55 days)
post-laparoscopic cholecystectomy (P = 0.66 versus pre-pro-
tocol) There were no long-term complications but routine
follow was slightly longer in this latter group at 49 days
(range, 34–180 days; P = 0.04 versus pre-protocol).

Discussion

Laparoscopic cholecystectomy is currently the procedure of
choice for symptomatic gallstones. It has evolved from an
innovative, but time-consuming, novelty to a routine day-case
procedure over the last 20 years.10 Similarly, the management
of bile leaks following this procedure has changed. However,
the fundamental principles underpinning this have not, i.e.
successful drainage of a bile leak is critical. If drainage is
inadequate, sepsis and biliary peritonitis develop and this
remains a clear indication for surgical intervention. This
study documents the changes in technique that have occurred
in a specialist unit over the last 10 years and advocates a
minimally invasive structured management protocol to treat
patients with bile leaks.

The introduction of both ERC and re-laparoscopy as
opposed to laparotomy are the two major differences in
management established by the protocol. ERC has both a
diagnostic and therapeutic role.6 It allows identification of
both the site of the leak as well as any residual stones with-
in the bile duct that may be contributing to it. Such stones
can be removed and various strategies used to reduce the
pressure gradient between the bile duct and the duodenum
created by contraction of the sphincter of Oddi.6,7,11 This
encourages the preferential flow of bile into the duodenum
thus attenuating the bile leak and allowing the site to heal.12

Indeed, this, in effect, means that one no longer has to per-
form an exploratory laparotomy with the aim of finding and

closing the leak. A number of techniques have been pro-
posed including endoscopic sphincterotomy alone, nasobil-
iary tube drainage and internal biliary-duodenal
stents.6,7,11–13 Endoscopic sphincterotomy alone does not
appear as effective as the latter two approaches14 and
increases the risk of ERC-related complications.15

Furthermore, unless stone extraction is planned, it is
unusual for a sphincterotomy to be necessary in order to
insert either nasobiliary or internal stents. However, naso-
biliary tubes are not particularly well tolerated by patients
and can easily become displaced. Thus, our protocol advo-
cates the use of internal biliary duodenal stents. Only 4
sphincterotomies were necessary using this technique,
each time for stone extraction.

Prior to 1998, neither diagnostic nor therapeutic ERC
were used routinely. Thus, a common indication for surgi-
cal intervention was persistence of the bile leak (3/6). In
comparison, following introduction of the minimally inva-
sive protocol, this was the main indication for ERC and
stenting but was not an indication for surgical intervention.
In all but one patient (who developed peritonitis post drain
removal), this allowed rapid resolution of the bile leak. ERC
and stenting also plays an important role as an adjunct to
laparoscopy and washout in patients with biliary peritonitis,
helping to reduce or eliminate postoperative bile leakage
thus accelerating recovery. However, although the use of
ERC has undoubtedly been a major advance, it does have
potential drawbacks. The plastic stents inserted into the
CBD need removal after 6 weeks, exposing the patient to a
second ERC and hospital visit. This explains the longer fol-
low-up for those following the minimally invasive protocol.
Furthermore, although there were no ERC-related compli-
cations in this study, these are always a concern and can,
rarely, be life-threatening.

The second major change advocated by the protocol is
the use of laparoscopy rather than laparotomy in the man-
agement of patients requiring surgical intervention.
Successful ERC and stenting has been accompanied by a
shift in the indications for surgery, with biliary peritonitis
(5/5) rather than failure of conservative management being
the main indication in the protocol era. Interestingly, in
both groups, the placement of a drain following laparoscop-
ic cholecystectomy did not prevent the development of bil-
iary peritonitis in a minority of individuals (3/24) presum-
ably either because it became blocked or was removed pre-
maturely. The role of surgical intervention in both groups is
primarily to wash out bile from the peritoneal cavity and
establish adequate external drainage in order to prevent re-
accumulation. If the site of the bile leak can be identified,
then an attempt is made to repair this. This was identified
in all 6 patients who underwent laparotomy compared to
only 2/5 individuals managed laparoscopically. Some
authors have been able to identify the majority of bile leaks



AHMAD SAUNDERS LLOYD LLOYD ROBERTSON AN ALGORITHM FOR THE MANAGEMENT OF BILE LEAK FOLLOWING
LAPAROSCOPIC CHOLECYSTECTOMY

Ann R Coll Surg Engl 2007; 89: 51–5656

laparoscopically, advocating the magnification provided by
the laparoscope as an important aide.9 However, in our
series, 3/5 patients had an ERC and stent before
laparoscopy, significantly reducing the leak at the time of
surgery. This potentially explains the lower number of leaks
identified compared to either laparotomy at our centre or
laparoscopy elsewhere. In addition, the anatomical pattern
of bile leaks identified varied, with leaks coming from the
cystic duct stump itself or its junction with the CBD in those
undergoing laparotomy compared with leaks from ducts of
Luschka in the laparoscopic group. Once again, the use of
ERC and stenting in the latter group may explain this as
leaks from the cystic duct stump were effectively sealed in
4 patients without the need for surgical intervention.

Overall morbidity, mortality and hospital stay post
laparoscopic cholecystectomy were similar both before and
after introduction of a minimally invasive management pro-
tocol. It is not surprising that these were similar in view of
the relatively small numbers and the pathophysiology of
bile leaks (i.e. patients with biliary peritonitis often take
several days to get better from the ‘peritonitis’ irrespective
of the operative technique). However, anecdotally and bear-
ing in mind that our patients have increasingly high expec-
tations, we feel that the minimally invasive approach is
preferable. This minor, but significant, change in the man-
agement of bile leaks and saving a laparotomy has a major
impact on the patient’s perception of the significance of the
complication. Furthermore, longer-term problems such as
intra-abdominal adhesions and incisional hernias may be
reduced.

In our experience, a structured stepwise approach to the
management of uncommon complications such as bile
leaks is advantageous. In order to run such a protocol there
must be the resources and skills available to provide ERC
and advanced laparoscopic surgery, 7 days a week. If this is
not available, as we have shown, it is perfectly possible,
although not preferable, to manage these patients using
conventional techniques. Alternatively, they can be trans-
ferred to centres where minimally invasive expertise is rou-
tinely available. The only death in this series was in a
patient who developed severe sepsis and the key point is to
prevent this developing by ensuring and maintaining ade-
quate drainage of bile at an early stage followed by prompt
preferably minimally invasive management of the underly-
ing leak itself.

Bile leak remains an unusual problem in our practice.
Thus it has taken over 10 years to accumulate the relative-
ly small series. Nonetheless, this study provides a useful
analysis of the historical and current management of bile
leaks.
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