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Abstract

Background The aim of this study was to identify pre-

operative factors associated with poor outcome following

laparoscopic bile duct exploration.

Methods Data regarding potential preoperative factors

were collected prospectively and from a review of patient

records of 436 patients who had undergone a laparoscopic

bile duct exploration. A multivariate analysis was per-

formed to identify significant predictors of five adverse

outcomes: postoperative complication (stratified), conver-

sion to open operation, prolonged hospital stay, bile leak

following choledochotomy, and failure of surgical clear-

ance of the duct.

Results The mean age was 57 years (range = 18–91) and

74% were female. No complications were experienced by

66.5% and 17% had a minor Clavien Grade I complication.

There was one death. Clinically significant Clavien Grade

II–V complications occurred more frequently in those of

increasing age [OR = 1.03 (CI = 1.01–1.05), p = 0.02].

Increasing serum bilirubin [OR = 1.01 (CI = 1.00–1.01),

p = 0.01] was associated with conversion to an open

operation. Male sex [OR = 0.52 (CI = 0.27–0.99), p =

0.05], previous upper abdominal surgery [OR = 4.89

(CI = 1.10–21.74), p = 0.04], immunosuppressants [OR =

9.75 (CI = 1.06–89.93), p = 0.05], and a larger preopera-

tive common bile duct diameter [OR = 1.16 (CI = 1.08–

1.25), p \ 0.001] were predictors of a prolonged hospital

stay. No factors were identified as predictors of a controlled

bile leak. Previous failed ERCP was not associated with

adverse outcome.

Conclusion Laparoscopic exploration of the bile duct is

safe but age, comorbidity, and degree of jaundice increase

the risk slightly.
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There is growing acceptance that in experienced hands

laparoscopic bile duct exploration is more efficient than,

and at least as safe as, endoscopic sphincterotomy in

patients with bile duct stones who are fit enough for general

anaesthesia and cholecystectomy. A meta-analysis of five

randomised clinical trials [1] and recent clinical guidelines

[2] have endorsed this opinion. There are a good number of

published series of more than 100 patients having under-

gone laparoscopic bile duct exploration [3–25]. Morbidity

in these series is approximately 10% and mortality 1%.

There is still concern, however, that in the elderly or those

with comorbidity the potentially lengthy operation associ-

ated with laparoscopic bile duct exploration might result in

a suboptimal outcome. Choledocholithiasis is particularly

prevalent in these higher-risk groups [26] but there has

been only one randomised study that has focused on these

patients in particular [27].
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Assuming that laparoscopic bile duct exploration is the

treatment of choice, in general it would be beneficial to

identify a subset of patients who might fare less well after

the laparoscopic approach. This might enable an alternative

approach to be recommended in such patients.

There have been two published analyses performed

specifically to try to identify factors relating to a poor

outcome after open bile duct exploration. Neoptolemos

et al. [28] performed a multivariate analysis of preoperative

variables in 248 patients who underwent open bile duct

exploration and found that serum bilirubin concentration,

medical risk factors, and a previous attempt at endoscopic

sphincterotomy were all significant predictors of postop-

erative complications. As a result, they suggested that

jaundiced high-risk patients ought to be treated by

sphincterotomy alone and that fit patients should be treated

by open surgery alone without prior endoscopic sphinc-

terotomy. In a smaller multivariate analysis of 158 patients,

Larraz-Mora et al. [29] arrived at similar conclusions. They

found that age, heart disease, and cholangitis were signif-

icant predictors of mortality after open operation. Fur-

thermore, in that study those with cholangitis were eight

times more likely to die than those without.

As yet there is no published analysis of predictors of

adverse outcomes after laparoscopic bile duct exploration,

hence the reason for this study.

Materials and methods

Four hundred thirty-six patients who underwent laparo-

scopic bile duct exploration during laparoscopic chole-

cystectomy between April 1994 and April 2005 by or under

the direct supervision of two experienced laparoscopic

biliary surgeons at Southmead Hospital were included in

the analysis (those who were having a concomitant pro-

cedure were not included). The numbers of patients who

underwent a transductal, transcystic, or ‘‘radiological’’

exploration (the flushing of small stones through the

ampulla with the aid of hyoscine-N-butylbromide under

cholangiographic or direct ultrasonic visualisation) were

293 (67%), 103 (24%), and 40 (9%), respectively. One

patient required a transduodenal sphincteroplasty after a

failed transcystic exploration and seven patients required

biliary enteric drainage procedures after transductal

explorations for the reasons shown in Table 1.

Seventy-three procedures were carried out in the first 5

years of the series and 363 in the latter 6 years. Ninety

percent of the patients in the series had clinical or radio-

logical evidence of bile duct stones preoperatively.

Approximately 10% (44/436) of patients had presented

with biliary colic or cholecystitis, a normal bile duct

diameter, and normal reoperative liver function tests,

meaning that their stones were found incidentally at

operation.

This study population represents an all-comers policy

for the management of bile duct stones within the unit:

patients fit enough for cholecystectomy were treated with

laparoscopic bile duct exploration. Endoscopic sphincter-

otomy alone was used in the frail in whom the gallbladder

was to remain in situ or in patients presenting with acute

severe pancreatitis or severe cholangitis. A small group of

20 patients were the exception to this rule and were treated

by endoscopic sphincterotomy and subsequent laparo-

scopic cholecystectomy after they were entered into the

randomised clinical trial referred to earlier [27].

Operative technique

Laparoscopic bile duct exploration was performed with the

patient under general anaesthesia. Patients were fitted with

pneumatic calf compression devices. A carbon dioxide

pneumoperitoneum was created via a 12-mm port inserted

at the umbilicus using an open Hasson technique [30].

Views were obtained through a 10-mm 30� laparoscope

and the pneumoperitoneum was maintained at a pressure of

10-mmHg. After insufflation the patient was positioned in a

reverse Trendelenberg position tilted to the left. Three

additional trocars were then positioned: a 10-mm port in

the epigastrium and two 5-mm ports in the right hypo-

chondrium. A wide local dissection of Calot’s triangle was

performed. Prior to division of the cystic duct and artery,

the bile duct was imaged with laparoscopic ultrasound

(7.5 MHz Aloka linear ultrasound probe, Key Med, Sout-

hend, UK) to confirm the presence of bile duct stones [31].

Once ductal stones had been confirmed the surgeon

would then decide whether a transcystic or transductal

approach was most appropriate. A larger bile duct diame-

ter, larger stones, or multiple stones favoured a transductal

Table 1 Reasons for biliary enteric drainage procedures in eight

patients

Drainage procedure Reason

Choledochoduodenostomy Huge amount of sludge and small stones

Transduodenal

sphincteroplasty

Impacted stone before availability of

lithotripsy

Choledochojejunostomy Impacted stone before availability of

lithotripsy

Choledochojejunostomy Mirizzi Type II

Choledochoduodenostomy Numerous recurrent stones after previous

endoscopic sphincterotomy

Choledochoduodenostomy Numerous stones

Choledochoduodenostomy Numerous stones

Choledochoduodenostomy Numerous recurrent stones after previous

endoscopic sphincterotomy
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approach. Choledochoscopy with a three-channel, 3- or

5-mm choledochoscope through a transverse incision in the

cystic duct or a vertical incision in the common bile duct

allowed direct visualisation of the bile ducts. Intermittent

irrigation with normal saline was used to provide a clear

field of view, allowing stones to be extracted using baskets,

balloons, and electrohydraulic lithotripsy. Very small

stones were flushed transcystically through the sphincter of

Oddi under ultrasound visualisation with the aid of 20 mg

of hyoscine-N-butylbromide given intravenously to relax

the sphincter (termed a radiological exploration) without

instrumentation of the duct with a choledochoscope. In the

case of transcystic and transductal explorations, two passes

up and down the duct with the choledochoscope confirmed

duct clearance, which was then checked again with lapa-

roscopic ultrasound. It should be noted that it was often not

possible to pass the choledochoscope upwards into the

common hepatic duct during a transcystic exploration.

T-tube drainage of the bile duct was used very selectively

in cases where multiple stones or fragments of stones had

been removed or when the surgeon was not completely

convinced of duct clearance. Biliary stents to protect the

choledochotomy were not employed for two reasons. First,

there is no scientific evidence to suggest a benefit in their

use [32]. Second, instrumentation of the biliary sphincter

during laparoscopic exploration of the bile duct appears to

be associated with pancreatitis [33].

Cholecystectomy was then completed by diathermy

dissection from the gallbladder bed after the cystic duct and

artery had been clipped and divided. A drain was placed

next to any choledochotomy. Antibiotic prophylaxis with

750 mg of intravenous cefuroxime was given if a choled-

ochotomy was made or if there was spillage of gallbladder

contents during dissection. Drains were left in place until

the first postoperative morning or until bile was no longer

present within the drainage bag.

The description detailed above represents the most

recent operative technique used. There had been three

developments to the technique over the preceding 11-year

period to which the study relates: Early in the series the

majority of choledochotomies were closed over a T tube,

but from January 1998 they were used selectively if there

was any doubt about duct clearance or after a particularly

challenging procedure. Twenty-nine of 34 transductal

explorations before 1998 utilised a T tube compared with

35/252 afterwards (7 who had a biliary enteric drainage

procedure after transductal exploration were excluded).

Second, transcholedochoscopic electrohydraulic lithotripsy

was used for difficult impacted stones from March 1998

after the first 49 patients and was subsequently employed in

57/387 of the remainder of the series. Third, laparoscopic

ultrasound was introduced in September 2000 after the first

127 patients; thereafter it was used to image the bile ducts

routinely both pre- and post-exploration and eventually

replaced operative cholangiography. For the first year of

pre-exploratory laparoscopic ultrasound, pre-exploratory

operative cholangiography was also performed to allow

comparative study [34]. The methods of post-exploratory

imaging of the bile duct to ensure duct clearance utilising

choledochoscopy, cholangiography, and laparoscopic

ultrasound also changed over the length of the series

according to these technical developments.

Data regarding the following preoperative variables

which were thought to influence outcome were collected for

each patient: age, sex, ASA grade, weight, presentation

(colic, pancreatitis, jaundice, cholangitis, or cholecystitis),

previous failed ERCP, previous upper abdominal surgery,

arrhythmia, hypertension, diabetes, ischaemic heart disease,

respiratory disease, smoking, antiplatelet drugs, immuno-

suppressive drugs, b-blockers, plasma haemoglobin, white

cell count, platelet count, serum bilirubin, alkaline phos-

phatase, alanine transferase albumin, urea, creatinine, and

preoperative common bile duct (CBD) diameter.

The study variables were analysed with reference to the

prediction of five adverse outcomes detailed below. Data

were collected prospectively perioperatively according to

standard protocol and from a review of case records.

The five adverse outcomes identified as being suitable

for investigation were as follows:

(1) Morbidity: Postoperative complications were strati-

fied using a validated classification system developed

by Clavien et al. [35]. This system stratifies compli-

cations into five grades ranging from any deviation

from the normal postoperative course (Grade I), those

requiring certain pharmacological interventions

(Grade II), those requiring surgical intervention

(Grade III), life-threatening complications (Grade

IV), to death (Grade V). In this study, predictors of

relatively severe, Clavien Grade II–V, complications

were sought.

(2) Conversion to an open operation.

(3) Prolonged postoperative hospital stay: The data

collected regarding postoperative stay was dichoto-

mised. Analysis was performed to identify predictors

of a prolonged hospital stay which was defined as

more than 3 postoperative days.

(4) Bile leak after primary closure of choledochotomy:

Defined as bile within the drain the following morning

after a transductal exploration without systemic upset.

(5) Failed surgical clearance: Defined as failure to clear

the bile duct of stones at operation requiring

subsequent intervention.

Potentially significant predictors of outcomes were identi-

fied by univariate analysis using logistic regression (SPSS

v11.0). Individual predictors were then entered into a
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multivariate model. A significance level of p B 0.10 was

used to identify factors on univariate analysis to enter into

multivariate models. This was done to prevent the loss of

potentially important clinical information as a consequence

of relatively small numbers. On multivariate analysis,

statistical significance was reported at p B 0.05.

Supplemental analysis performed to investigate whether

the learning curve was associated with a poor outcome is

also presented.

Results

The data set was 98.4% (15021/15260) complete. The data

collected regarding patients’ potential preoperative pre-

dictors and outcome measures are given in Table 2.

Predictors of Clavien Grade II–V complications

A summary of the complications encountered by the 436

patients is presented in Table 3. The types of complications

occurring in different age groups are illustrated in Fig. 1.

Patients over the age of 60 years were more likely to suffer

respiratory [odds ratio (OR) = 3.65 (CI = 1.53–8.68),

p = 0.004] and urinary [OR = 7.01 (CI = 2.04–24.06),

p = 0.002] complications, whereas the occurrence of sur-

gical/biliary complications was similar [OR = 0.91

(CI = 0.51–1.60), p = 0.73] when compared to those

under 60 years of age. There was a strong trend toward

cardiac complications in the older-age group but this was

not statistically significant (OR = 5500.57, p = 0.64).

The complications were stratified as per the classifica-

tion system described earlier and are shown in Fig. 2 (data

were missing on 5 patients). Three hundred and sixty four

of 431 (84.5%) patients suffered either no complication or

a minor Clavien Grade I complication, and 67 (15.5%)

suffered a more clinically significant Clavien grade II–V

complication of which prediction was sought.

Age [OR = 1.04 (CI = 1.02–1.06), p \ 0.001], anti-

platelet drugs [OR = 1.84 (CI = 0.91–3.73), p = 0.09],

and ASA grade (OR ASA I vs. II = 1.55 (CI = 0.69–

3.49), OR ASA I vs. III ? IV = 2.92 (CI = 1.12–7.65),

p = 0.03] were found to be associated with a Clavien

Grade II–V complication on univariate analysis and

adjustment for age and sex. These predictors were then

entered into a multivariate model which also included sex.

On multivariate analysis, age (OR = 1.03 (CI = 1.01–

1.05), p = 0.02] was the only factor that was statistically

significant at the 5% level. A graphical representation of a

multivariate model containing age and ASA grade for

predicting the probability of a Clavien Grade II–V com-

plication is shown in Fig. 3.

Table 2 Descriptive statistics for 436 patients who underwent lapa-

roscopic bile duct exploration

Age (years) 59.0 (42.9–71.8)

Missing data 1

Sex

Female 323 (74.1)

Male 113 (25.9)

Missing data 0

Presentation

Colic 161 (36.9)

Jaundice 186 (42.7)

Pancreatitis 56 (12.8)

Cholangitis 15 (3.4)

Cholecystitis 18 (4.1)

Missing data 0

Previous failed ERCP 69 (15.8)

Missing data 1

Previous upper abdominal surgery 12 (2.8)

Missing data 1

Medical risk factors

Arrhythmia 23 (5.3)

Missing data 9

Hypertension 115 (26.4)

Missing data 9

Diabetes 21 (4.8)

Missing data 9

Ischaemic heart disease 52 (11.9)

Missing data 9

Respiratory disease 54 (12.4)

Missing data 9

Smoking 170 (39.0)

Missing data 10

Drugs

Antiplatelet 54 (12.4)

Missing data 9

Immunosuppressants 8 (1.8)

Missing data 9

Beta blockers 54 (12.4)

Missing data 12

Full blood count

Plasma haemoglobin (g dL-1) 13.6 (12.8–14.4)

Missing data 12

White cell count (9103 lL-1) 7.5 (6.0–9.2)

Missing data 12

Platelet count (9103 lL-1) 276 (234–332)

Missing data 12

Liver function

Serum bilirubin (lmol L-1) 15 (9–40)

Missing data 2

Serum alkaline phosphatase (IU L-1) 120 (78–252)

Missing data 2
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Predictors of conversion to an open operation

The conversion rate was 36/436 (8.3%). Conversion was

associated with a less favourable outcome and an increased

risk of a Clavien II–V complication [OR = 3.21 (CI =

1.36–7.54), p = 0.01] when entered into a multivariate

model containing the other predictors of a Clavien II–V

complication.

Cholangitis [OR = 4.48 (CI = 1.32–15.29), p = 0.02],

previous upper abdominal surgery [OR = 4.72 (CI =

1.13–19.75), p = 0.03], plasma haemoglobin [OR = 0.77

(CI = 0.57–1.00), p = 0.05], serum bilirubin [OR = 1.01

(CI = 1.00–1.01), p = 0.001], serum alkaline phosphatase

[OR = 1.00 (CI = 1.00–1.00), p = 0.02], preoperative

CBD diameter [OR = 1.13 (CI = 1.03–1.23), p = 0.01],

and weight [OR = 0.98 (CI = 0.95–1.00), p = 0.10] were

found to be associated with conversion to an open opera-

tion on univariate analysis and adjustment for age and sex.

These predictors were then entered into a multivariate

Table 3 Thirty-day postoperative complications in 436 patients

undergoing LBDE

Complication type n (%)

Death 1 (0.23)

Cardiac

Atrial fibrillation/flutter 11 (2.52)

Complete heart block 1 (0.23)

Left ventricular failure 1 (0.23)

Myocardial infarction 2 (0.46)

Respiratory

Atelectasis 11 (2.52)

Chest infection 19 (4.36)

Pleural effusion 1 (0.23)

Urinary

Urinary tract infection 6 (1.38)

Urinary retention 16 (3.67)

Biliary

Bile leak (controlled) 37 (8.49)

Bile leak requiring laparoscopy 6 (1.38)

T-tube complication 5 (1.15)

Postoperative endoscopic sphincterotomy 9 (2.06)

Acute pancreatitis (de novo) 4 (0.92)

Other

Pulmonary embolus 1 (0.23)

Deep vein thrombosis 1 (0.23)

Wound infection 10 (2.29)

Intra-abdominal collection 4 (0.92)

Bleeding duodenal ulcer 2 (0.46)

Postoperative intra-abdominal bleeding 2 (0.46)

Noninfective diarrhoea 2 (0.46)

Clostridium difficile diarrhoea 4 (0.008)

Strangulated umbilical port site hernia 1 (0.23)

9th intercostal nerve neuropraxia 1 (0.23)

Fig. 1 Complication type versus age

Table 2 continued

Serum alanine transferase (IU L-1) 43 (21–158)

Missing data 2

Serum albumin (g L-1) 40 (37–43)

Missing data 12

Renal function

Serum urea (mmol L-1) 4.3 (3.2–5.4)

Missing data 13

Serum creatinine (mmol L-1) 87 (75–99)

Missing data 12

Preop CBD diameter (mm) 8 (6–11)

Missing data 27

ASA

Grade I 135 (31)

Grade II 224 (51.4)

Grade III 63 (14.4)

Grade IV 1 (0.2)

Missing data 13

Weight (kg) 72 (62–83)

Missing data 17

Clavien Grade II–V complication 67 (15.5)

Missing data 5

Conversion 36 (8.3)

Missing data 0

Prolonged hospital stay ([3 nights) 155 (35.7)

Missing data 2

Bile leak 43 (10.0)

Missing data 8

Failed clearance 6 (1.4)

Missing data 0

Data are expressed as median (IQR) or n (%)
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model which also included age and sex. On multivariate

analysis, only an increasing serum bilirubin [OR = 1.01

(CI = 1.00–1.01), p = 0.01] remained a significant pre-

dictor of conversion. A graphical representation of the

model containing serum bilirubin for predicting the prob-

ability of conversion is shown in Fig. 4.

Predictors of a prolonged hospital stay

One hundred fifty-five of 434 (35.7%) patients had a pro-

longed hospital stay, defined as more than 3 postoperative

days. The distribution of length of stay is represented in

Fig. 5. Increasing age [OR = 1.03 (CI = 1.02–1.04), p \
0.001], cholangitis [OR = 4.36 (CI = 1.33–14.28), p =

0.02], previous upper abdominal surgery [OR = 4.27

(CI = 1.11–16.50), p = 0.04], ischaemic heart disease [OR =

2.22 (CI = 1.17–4.22), p = 0.02], immunosuppressants

[OR = 10.69 (CI = 1.28–89.26), p = 0.03], plasma hae-

moglobin [OR = 0.84 (CI = 0.72–0.98), p = 0.03], serum

bilirubin [OR = 1.01 (CI = 1.00–1.01), p\0.001], serum

alkaline phosphatase [OR = 1.00 (CI = 1.00–1.00),

p = 0.002], serum albumin [OR = 0.95 (CI = 0.92–0.99),

p = 0.02], preoperative CBD diameter [OR = 1.18 (CI =

1.11–1.26), p \0.001], and ASA grade [OR ASA I vs.

II = 1.56 (CI = 0.90–2.69), OR ASA I vs. III ? IV =

3.73 (CI = 1.78–7.80), p \ 0.001] were associated with a

prolonged hospital stay after univariate analysis and

adjustment for age and sex. These predictors were then

entered into a multivariate model which also included sex.

On multivariate analysis, male sex [OR = 0.52 (CI = 0.27–

0.99), p = 0.05], previous upper abdominal surgery [OR =

4.89 (CI = 1.10–21.74), p = 0.04], immunosuppressants

Fig. 2 Clavien Grade of 30-day postoperative complications

Fig. 3 Predictive model of age adjusted for ASA grade for a Clavien

Grade II–V complication

Fig. 4 Predictive model of serum bilirubin concentration for con-

version to an open operation

Fig. 5 Postoperative stay
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[OR = 9.75 (CI = 1.06–89.93), p = 0.05], and a larger

preoperative CBD diameter [OR = 1.16 (CI = 1.08–1.25),

p\0.001] remained significant predictors.

Predictors of bile leak after primary closure of the bile

duct

The controlled bile leak rate in 229 patients who underwent

transductal exploration with primary closure of the bile

duct was 15.6% (35/225); data were missing on 4 patients.

Bile leak was strongly associated with increased risk of a

prolonged hospital stay [OR = 8.40 (CI = 3.16–22.32),

p \ 0.001] when entered into a multivariate model con-

taining the other predictors of a prolonged hospital stay.

Colic [OR = 2.15 (CI = 1.02–4.55), p = 0.04] and

plasma haemoglobin [OR = 1.31 (CI = 0.98–1.76), p =

0.07] were associated with a bile leak on univariate anal-

ysis and adjustment for age and sex. These predictors were

then entered into a multivariate model which included age

and sex. On multivariate analysis, no factors remained

statistically significant.

Predictors of failed surgical clearance

Surgical clearance judged at the time of operation was

achieved in 428/436 (98.2%) patients. Failed extraction

was due to stone impaction before electrohydraulic litho-

tripsy was available in four patients, difficult access to the

bile duct in three patients, and no particular reason was

available for one patient. Due to the small numbers of

patients who had a failed surgical treatment, it was statis-

tically not possible to identify any predictors.

The influence of the learning curve

During the first 5 years of the series, the technique of

laparoscopic bile duct exploration evolved as described

earlier in the Methods section. Seventy-three procedures

were carried out during this time and the remaining 363

were performed in the following 6 years. Regression

analysis was performed to investigate whether this period,

referred to as the learning curve, was associated with the

poor postoperative outcomes investigated and whether it

influenced the results of the previous analyses.

The learning-curve period was not associated with the

occurrence of Clavien Grade II–V complications

[OR = 0.74 (CI = 0.35–1.57), p = 0.44]. Clavien Grade

II–V complications occurred in 12.5% (9/72) of patients in

this period compared with 16.2% (58/359) afterwards. It

had no significant influence on the multivariate analysis

containing data for age, sex, antiplatelet drugs, and ASA

grade for predicting a Clavien Grade II–V complication

with age remaining the dominant factor.

This period was, however, associated with the need to

convert to an open procedure on univariate analysis

[OR = 4.21 (CI = 2.05–8.64), p\0.001]. Conversion was

necessary in 20.5% (15/73) in the learning-curve period

compared to 5.8% (21/363) afterwards. This factor was

then added into the multivariate analysis containing data

for age, sex, cholangitis, previous upper abdominal sur-

gery, haemoglobin, bilirubin, alkaline phosphatase, preop-

erative CBD diameter, and weight. Increasing serum

bilirubin [OR = 1.01 (CI = 1.00–1.01), p = 0.024] still

remained a significant predictor of conversion, but so did

the learning-curve period [OR = 2.97 (CI = 1.22–7.24),

p = 0.017].

A prolonged postoperative stay was also found to be

influenced by the learning-curve period [OR = 1.98

(CI = 1.19–3.29), p = 0.009]. Thirty-six of 73 (49.3%)

patients in this period had a prolonged hospital stay com-

pared to 119/361 (32.0%) afterwards. This factor was then

added into the multivariate analysis containing data for

age, sex, cholangitis, previous upper abdominal surgery,

ischaemic heart disease, immunosuppressants, haemoglo-

bin, bilirubin, alkaline phosphatase, albumin, preoperative

CBD diameter, and ASA grade. The learning-curve period

remained significant in this analysis [OR = 2.24 (CI =

1.17–4.28), p = 0.015], but this had little effect on the

other factors that were previously identified as being

significant: male sex [OR = 0.53 (CI = 0.28–1.001),

p = 0.050], previous upper abdominal surgery [OR =

4.06 (CI = 0.89–18.50), p = 0.070], immunosuppressants

[OR = 9.52 (CI = 1.03–88.36), p = 0.047], a larger

preoperative CBD diameter [OR = 1.15 (CI = 1.07–1.24),

p\0.001], and higher ASA grade [OR ASA I vs. II = 1.44

(CI = 0.77–2.68), OR ASA I vs. III ? IV = 2.73

(CI = 1.07–6.97), p = 0.042].

The learning-curve period was not associated with the

occurrence of bile leak after primary closure of a choled-

ochotomy [OR = 0.60 (CI = 0.13–2.70), p = 0.50]. Bile

leak occurred in 10.5% (2/19) of patients in this period

compared with 16.5% (33/200) afterwards. It had no

influence on the multivariate analysis containing data for

age, sex, colic, and haemoglobin, with no significant pre-

dictor identified.

It was not possible to perform an analysis to predict

failed surgical clearance because of small numbers, but the

unavailability of electrohydraulic lithotripsy in the early

part of the series (first 49 patients) was probably associated

with inability to clear the duct [OR = 14.53 (CI = 3.36–

62.85), p\0.001]. Five of 49 (10.2%) patients operated on

before the availability of lithotripsy had a failed clearance

compared to 3/387 (0.7%) when it was available.
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Discussion

The object of this study was to enable the clinician to

identify patients at a higher risk of an adverse outcome

after laparoscopic bile duct exploration with regard to

preoperative patient indicators. This study has demon-

strated that the only independently significant variables

associated with a Clavien Grade II–V complication are

increasing age and probably comorbidity, manifested by a

trend towards complication in those with a higher ASA

grade [OR ASA I vs. II = 1.52 (CI = 0.67–3.44), OR

ASA I vs. III ? IV = 2.59 (CI = 0.96–6.95), p = 0.06].

For example, in the model containing these variables, the

probabilities of a 50-year-old ASA I patient and an 80-

year-old ASA III patient having a clinically significant

complication are approximately 7 and 33%, respectively.

However, in contrast to the previously reported studies

regarding open bile duct exploration [28, 29], jaundice was

not found to be a predictor of complications despite a

relatively large proportion (93/436) of this group of

patients having a serum bilirubin of greater than 50 lmol

L-1. This may be because this series might have had a

smaller proportion of patients with severe cholangitis, who

would presumably have been at higher risk, compared to

previous studies and would explain why the trend

[OR = 2.20 (CI = 0.70–6.90)] in this study for those with

cholangitis towards complication failed to become statis-

tically significant. There was also a trend [OR = 2.51

(CI = 0.56–11.21)] towards those on immunosuppressant

therapy to have complications but there were too few

numbers in this group to provide proof.

It might be hypothesised that the laparoscopic approach

to difficult bile duct stones in those patients in whom

endoscopic therapy has failed might be associated with a

poor outcome after a potentially more technically difficult

operation. In this series these 69 patients fared no differ-

ently from the rest of the group. This supports other

authors’ claims [21, 36–38] that laparoscopic bile duct

exploration after failed endoscopic treatment is not only

possible but safe.

Conversion to an open procedure was found to be

strongly associated with increasing serum bilirubin. Expe-

rience from this unit has previously described that conver-

sion is usually required for dense gallbladder adhesions [3]

rather than difficult access to the bile duct. An obstructed

biliary tree is likely to be infected and as a consequence there

will be a higher incidence of severe chronic cholecystitis

found at operation necessitating conversion. Increasing

patient weight [OR = 0.97 (CI = 0.95–1.00), p = 0.09] did

not predict the need for conversion to an open procedure,

rather the opposite may be true. However, this may be

explained by a reluctance to convert larger patients. As one

would expect, there was also a trend towards conversion in

those who had undergone previous upper abdominal surgery

[OR = 3.72 (CI = 0.79–21.77), p = 0.15].

The dominant predictor of a prolonged postoperative

hospital stay of more than 3 days was the diameter of the

bile duct measured preoperatively by transabdominal

ultrasound. This simply reflected the need for choledo-

chotomy in those patients, but other factors such as con-

current immunosuppression and previous upper abdominal

surgery were also significant. There was also a trend of

those with a higher ASA grade having a prolonged hospital

stay but this was not statistically significant [OR ASA I vs.

II = 1.33 (CI = 0.72–2.43), OR ASA I vs. III ? IV =

2.30 (CI = 0.92–5.75), p = 0.09].

Whilst a controlled bile leak after primary closure of a

choledochotomy is not a danger to the patient, it lengthens

hospital stay to allow observation and increases treatment

costs. Currently there is no evidence to suggest that the

routine use of T tubes or biliary stents is advantageous [39,

40], and although the use of fibrin glue to seal the cho-

ledochotomy has been shown to be effective in animals

[41, 42], no data on its use in humans in this situation is

available, with stricturing being the main concern. Our

analysis found no significant predictors of a bile leak but

indicated that there may be an association with a clinical

presentation of biliary colic, whereas bile duct diameter,

which can influence the size of suture bite one is able to

take at closure of the bile duct, had no influence. This

association of bile leak with a presentation of biliary colic

may be a spurious result, but increased inflammation in the

tissues normally associated with other presentations of

choledocholithiasis may be beneficial in sealing the bile

duct.

Preoperative factors predicting failed surgical clearance

of the duct were not able to be identified due to a 98.2%

success rate. It should be reiterated that four of the failures

were due to stone impaction in the distal bile duct prior to

the use of electrohydraulic lithotripsy. Since the avail-

ability of lithotripsy, it has been found to be of benefit in

approximately 15% of explorations in this series.

The influence of the learning curve during the devel-

opment of the technique was investigated. It was found not

to be associated with increased postoperative morbidity or

a controlled bile leak after primary closure of a choledo-

chotomy. However, it was found to be associated with the

need for conversion to an open operation and a prolonged

hospital stay. These findings may also be explained in part

by the lack of availability of lithotripsy and the use of T

tubes, respectively, early in the series.

In summary, laparoscopic bile duct exploration is well

tolerated, with 83.5% of the patients in this series having

only minor or no postoperative complications. It is safe and

effective after failed endoscopic intervention. Increasing

age, a higher ASA grade, and, to a lesser extent, jaundice
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were the dominant factors found to predict an adverse

outcome. Whether patients in these circumstances would

be better served by the alternative approach of endoscopic

sphincterotomy and subsequent laparoscopic cholecystec-

tomy needs further clarification.
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