
ABSTRACT

Introduction: single-stage laparoscopic surgery of cholelithiasis
and associated common bile duct stones (CL-CBDS) has shown simi-
lar results when compared to laparoscopic cholecystectomy com-
bined with ERCP. Classically, choledochorrhaphy has been protected
by a T-tube drain to allow external bypass of bile flow. However, its
removal is associated with a significant complication rate. Use of
antegrade biliary stents avoids T-tube removal associated morbidity.
The aim of this study is to compare the results of choledochorrhaphy
plus T-tube drainage versus antegrade biliary stenting in our series
of laparoscopic common bile duct explorations (LCBDE).

Material and methods: between 2004 and 2011, 75 patients
underwent a LCBDE. Choledochorrhaphy was performed following
Kehr tube placements in 47 cases and transpapillary biliary stenting
was conducted in the remaining 28 patients. 

Results: postoperative hospital stay was shorter in the stent
group (5 ± 10.26 days) than in the Kehr group (12 ± 10.6 days),
with a statistically significant difference. There was a greater trend
to grade B complications in the stent group (10.7 vs. 4.3 %) and to
grade C complications in the Kehr group (6.4 vs. 3.6 %). There
were 3 cases of residual common bile duct stones in the Kehr group
(6.4 %) and none in the stent group.

Conclusions: antegrade biliary stenting following laparoscopic
common bile duct exploration for CL-CBDS is an effective and safe
technique that prevents T-tube related morbidity.

Key words: Common bile duct stones. Laparoscopic common bile
duct exploration. Biliary stenting. T-tube.

INTRODUCTION

It is estimated that 10-15 % of the patients operated
because of gallstone disease have associated choledocho-
lithiasis (1), representing an important potential source of
complications (acute pancreatitis, obstructive jaundice, cho-
langitis).

Treatment of choledocholithiasis has evolved from the
first choledocolithotomy described in 1889 by Robert Abbé
in New York (2). At the time of open cholecystectomy, the
standard practice was single-stage resolution of cholelit-
hiasis with associated common bile duct stones (CL-
CBDS). It would be necessary to wait almost a century,
until 1985, for the first laparoscopic cholecystectomy to be
performed (3). Its subsequent generalization and acceptance
as the gold standard technique brought a change of scenario
in the treatment of common bile duct stones (CBDS). The
technical difficulty for single-stage resolution of both, cho-
lelithiasis and CBDS, in the beginnings of laparoscopic
surgery favored the generalized use of ERCP before or after
laparoscopic cholecystectomy. The next step came as a
result of improvements in technology, surgical instruments
and surgical technique, resulting in the onset of LCBDE.
This technique completes CL-CBDS treatment in a single-
stage procedure, providing all the benefits of laparoscopy
without the disadvantages associated with ERCP.

Choledochorrhaphy protected by T-tube placement follo-
wing LCBDE, as well as found in open surgery, still counts
as the Achilles heel of this technique. The use of the Kehr
tube leads to increased hospital stay due to the general need
for progressive clamping and cholangiography performance
before complete tube closure is possible, and because of
all the potential complications derived from tube removal
(biloma, bile peritonitis, etc.) (4).

The aim of this study is to determine if antegrade biliary
stenting can substitute the T-tube drainage decreasing
complications associated with the use of the latter, but
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maintaining a similar efficacy. Thus, we reviewed the data
of the LCBDE that were performed at our institution from
2004 to the present, comparing the patients that received
a T-tube drainage with those who underwent antegrade
biliary stenting. 

MATERIAL AND METHODS

Patients

According to the management protocol for common bile
duct stones of our institution, candidates for single-stage
laparoscopic surgery are all patients with a dilated bile duct
(≥ 10 mm in diameter) that are fit for surgery and show an
acceptable anesthetic risk. All the remaining cases, as well
as all patients that had already a cholecystectomy, under-
went an ERCP exploration. From March 2004 to February
2011, a total of 85 LCBDE were performed at our unit in
patients with CL-CBDS. The conversion rate was 11.76 %
(10 patients), establishing a statistically significant rela-
tionship to the presence of impacted stones at the papilla
(p: 0.04) and total number of stones (p: 0.04). Cases con-
verted to open surgery were excluded from study. In the
remaining 75 cases, the operation could be completed by
the laparoscopic approach, performing T-tube placements
in 47 cases (Kehr group) and antegrade biliary stenting in
28 patients (stent group).

Surgical technique

The patient is placed in French position, pneumoperito-
neum is performed with a supraumbilical Veress needle or
a Hasson trocar, followed by the placement of 4 trocars as
for laparoscopic cholecystectomy. A 5th trocar is placed at
the left flank following choledochotomy. In all patients cho-
lecystectomy was performed at the end of surgery, to allow
the gallbladder to be traced up to help to expose the bile
duct. Once Calot’s triangle was dissected and the cystic
duct and artery were identified, transcystic cholangiography
was performed if there was a doubt about CBDS presence
or about of spontaneous resolution of choledocholithiasis.
Supraduodenal longitudinal choledochotomy was perfor-
med adjusting its length to the size of the largest stone,
followed by choledocolithotomy with saline lavage, Fogarty
balloon catheter or Dormia basket passes guided by cho-
ledocoscopy. Verification of the absence of residual stones
was done in all cases by choledocoscopy or cholangio-
graphy.

Closure of the bile duct is performed following the pla-
cement of a latex Kehr tube (8 to 14 Fr depending on the
diameter of the bile duct) or after antegrade biliary stenting
(Flexima® from Boston Scientific Corporation, MA, USA).
Since January 2009, we implant a stent as the first option,
reserving the use of the Kehr tube for those cases where
stent placement is not technically feasible, normally due to

impossibility of passing throughout the papilla into the duo-
denum with the choledocoscope or guide. The choice of
diameter (7-8.5 Fr) and length (5-7 cm) of the stent depends
on the characteristics of the bile duct in each case. To ensure
transpapillary placement, we use a 0.2 cc Fogarty balloon
catheter inserted through the stent itself as a guide. Once
the balloon is inflated and secured to the duodenal side
of the papilla, the stent is moved distally with a forceps
until its distal tab passes through the papilla. The Fogarty
balloon catheter is then removed and a new choledocoscopy
is performed to ensure transpapillary placement.

Finally, choledochorrhaphy is performed with an inte-
rrupted suture of Vicryl 4-0 stitches in the early cases, and
since April 2009, with a running suture of the same thread.
Water-tightness of the bile duct closure is checked by saline
instillation with a cholangiography catheter, and a Tachosil®

patch is then placed over the suture. Finally, cholecystec-
tomy is completed and a subhepatic aspirative drain is left
in all cases to drain a potential biliary leak. Biliary leaks
were scored according to the recent classification by seve-
rity grade published by the International Study Group of
Liver Surgery (5).

The postoperative management protocol of the T-tube
in our unit involves free flow drainage during the first 72 h,
until a trans-Kehr cholangiography is performed. If passage
of contrast to the duodenum and absence of residual stones
is demonstrated, the tube is clamped 24 h after cholangio-
graphy and the patient is discharged (6). Removal of the
tube is performed on an outpatient basis from 30 days after
surgery, with clinical observation to rule out complications
prior to discharge. Management of patients with a stent is
much simpler; outpatient removal of the stent is done by
upper endoscopy at 1 month after surgery. Previously, an
X-ray image of the abdomen is performed to exclude spon-
taneous stent elimination.

Statistical analysis

All data were included prospectively in a specific data-
base (Filemaker Pro 9®), and analyzed retrospectively. The
SPSS® program was used for statistical analysis. Continuous
variables were expressed as the mean ± standard deviation
or as the median when extreme values were observed. The
Chi-square test was used for analysis of qualitative variables
and the Mann-Whitney test for quantitative variables. Sta-
tistical significance was set to p < 0.05.

RESULTS

No significant differences were found between the two
groups in their demographic characteristics, symptoms or
laboratory parameters (Table I). The moment of diagnosis
was mainly in the preoperative period, and the main diag-
nostic test was cholangio-MRI, followed by ultrasound exa-
mination. The average number of extracted stones was
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2.6 ± 3.76 (range: 1-24) in the Kehr group and 3.93 ± 8.60
(range: 1-44) in the stent group, with no statistically signi-
ficant difference between the two groups.

Median postoperative hospital stay was 12 ± 10.6 days
(range: 5-70) in the Kehr group and 5 ± 10.26 days in the
stent group (range: 1-57), reaching statistical significant
differences (p: 0.0005).

We analyzed biliary complications in both groups, inclu-
ding in the Kehr group both those complications related to
surgery and complications secondary to T-tube removal
(Table II). Comparison of total number of complications
or complications stratified by severity revealed no statistical
differences between both groups (5). There was a greater
trend to grade B complications in the stent group (10.7 vs.
4.3 %) and to grade C complications in the Kehr group (6.4
vs. 3.6 %). We had a single case of iatrogenic injury of the
bile duct in the stent group (3.6 %) consisting in a late bile
duct scar caused by diathermy. This represents the only
case of bile peritonitis in that group.

The rate of readmission was 12.8 % in the Kehr group
and 3.6 % in the stent group (p: 0.186). Of the 6 cases of
readmission in the Kehr group, 3 were associated to T-tube
removal related complications (2 cases of bile peritonitis

Table I. Demographic characteristics, symptoms and laboratory parameters

Kehr (n: 47) Stent (n: 28) p value

Demography

Sex 23 F: 24 M 19 F: 9 M 0.110
Prior abdominal surgery 12 (25.5 %) 4 (14.3 %) 0.250
Age 61,17 ± 16.93 (R: 25-86) 61.96 ± 15.22 (R: 26-83) 0.869
ASA I 7 (14.9 %) 5 (17.9 %) 0.447
II 25 (53.2 %) 13 (46.4 %) 
III 12 (25.5 %) 10 (35.7 %)
IV 3 (6.4 %) 0

Admission symptoms

Asymptomatic 5 (11.1 %) 1 (3.6 %) 0.254
Dyspepsia 5 (10.9 %) 3 (11.1 %) 0.975
Abdominal pain 39 (84.8 %) 24 (85.7 %) 0.913
Fever 15 (32.6 %) 6 (21.4 %) 0.301
Cholangitis 5 (10.9 %) 4 (14.3 %) 0.663
Jaundice 25 (54.3%) 19 (67.9 %) 0.251
Cholecystitis 11 (23.9 %) 3 (10.7 %) 0.160
Pancreatitis 8 (17.4 %) 4 (14.8 %) 0.774

Laboratory parameters

Total bilirubin (mg/dl) 3.65 ± 6.09 (R: 0.26-36.60) 2.45 ± 2.89 (R: 0-13.40) 0.421
Direct bilirubin (mg/dl) 1.72 ± 4.68 (R: 0-26.70) 1.03 ± 1.86 (R: 0-7.74) 0.775

Operative findings

Impacted stone in papilla 4 (8.5 %) 0 0.113
Intrahepatic lithiasis 4 (8.5 %) 1 (3.6 %) 0.407
Number of CBDS 2.6 ± 3.76 (R: 1-24) 3.93 ± 8.60 (R: 1-44) 0.948

Table II. Biliary complicationsa

Kehrb (n: 47)        stent (n: 28) p value

Grade A

Bile leakage (< 7d) 2 (4.3 %)            1 (3.6 %)

Grade B                           

Bile leakage (≥ 7d) 0                         3 (10.7 %) 0.735
Biloma 2 (4.3 %)            0

Grade C                           

Bile peritonitis 3 (6.4 %)            1 (3.6 %)

Total 7 (14.89 %)        5 (17.85 %) 0.706

a Koch M, Garden OJ, Padbury R, Rahbari NN, Adam R, Capussotti L, et al. Bile leak-
age after hepatobiliary and pancreatic surgery: a definition and grading of severity
by the International Study Group of Liver Surgery. Surgery 2011;149:680-8.
b Including complications both related to surgery and secondary to Kehr removal.



requiring emergency surgery and one case of self-limited
biliary leak). The remaining readmissions in the Kehr group
were due to 2 cases of residual bile duct stones resolved by
ERCP and a case of mild pancreatitis due to distal migration
and impaction at the papilla of a branch of the T-tube. The
only case of readmission in the stent group was caused by
an intra-abdominal collection development that required
percutaneous drainage.

The most remarkable non-biliary complications related
to surgery were 2 cases of reoperation in the Kehr group
due to intra-abdominal bleeding (4.3 %) (Table III). The
overall rate of reoperation was 10.6 % in the Kehr group
and 3.6 % in the stent group (p: 0.275).

The rate of residual CBDS (diagnosed within the first
year after surgery) was 3 cases in the Kehr group (6.4 %)
and none in the stent group, without a statistically signifi-
cant difference. Bile duct clearance was then achieved by
ERCP in all cases; however a post-ERCP severe pancreatitis
developed in a patient from the Kehr group causing the
only case of death in our series (2.1 %).

In 11 cases (39.28 %) upper endoscopy was not required
for stent removal, since spontaneous elimination was con-
firmed by a plain X-ray of the abdomen prior to the proce-
dure. Unplanned stent lost was associated to biliary leak
only in 2 cases (7.14 %). The remaining 17 patients under-
went endoscopic stent removal without complications.

DISCUSSION

Treatment of CL-CBDS by single-stage laparoscopic
surgery has shown similar results in different studies when
compared to laparoscopic cholecystectomy combined with
ERCP, with two main advantages over the latter option: it
has a better cost-benefit ratio (7-9) and avoids the morbidity
and mortality associated to ERCP (10). It should also be
taken into account that the success rate of ERCP is appro-
ximately 70 % on the first attempt (11), and although it
increases in subsequent attempts, most patients will even-
tually be operated.

In the beginning of LCBDE, the surgical technique was
transferred from open choledocolithotomy and choledo-
chorrhaphy protected by a Kehr tube, adapting it to the par-
ticularities of laparoscopic approach (12,13). Tissue edema
caused by surgical handling of bile duct may block distal
passage of bile to duodenum, promoting biliary leakage
through the choledochotomy. Use of the T-tube allows an

external bypass of bile flow, reducing pressure within the
bile duct and ameliorating healing. In addition, it offers the
possibility of performing a cholangiography for distal con-
trast delivery demonstration prior to tube clamping, as well
as the opportunity for residual CBDS removal (14,15).

LCBDE offers all the known benefits of the laparoscopic
approach when compared to conventional surgery (16), but
is clearly limited by the use of the Kehr tube which leads to
two essential disadvantages: its management and removal.

Antegrade biliary stenting resulted in a significant reduc-
tion of the postoperative hospital stay (5 ± 10.26 days)
mainly due to differences in tube management required in
the Kehr group, since a follow-up cholangiography and a
clamping protocol was necessary before discharge in all
cases.

The complications derived from T-tube withdrawal have
been widely reported in the literature (17), with an estimated
overall morbidity of 15 % both in open and laparoscopic
surgery (18), to which the complications derived from sur-
gery itself should be added.

The use of antegrade biliary stents has provided a tech-
nical alternative to T-tube placement, ensuring distal pas-
sage of bile to the duodenum during the healing process of
choledochotomy. Its main advantage consists in avoiding
all the disadvantages associated to the Kehr tube. However,
biliary stents employment are not absent of specific com-
plications, mainly related to stent migration (19). In spite
of this, our data reveal that there were no complications
related to stent migration or its endoscopic recovery.

The recent publication of a definition and grading of
biliary fistula in liver and bilio-pancreatic surgery by the
International Study Group of Liver Surgery (5) has brought
standardized criteria about a topic that has traditionally
shown as many definitions as study groups possible. In
addition, the use of this classification will allow more relia-
ble comparison of results from future clinical studies.

Thus, a biliary fistula is defined as a discharge of drain
fluid with a bilirubin concentration at least three times the
serum bilirubin concentration on or after the third posto-
perative day or as the need for radiologic intervention or
surgical drainage of biliary collection or bile peritonitis.
Concerning severity categorizing, grade A complications
are those that do not modify the clinical management of
the patient (e.g., fistula exteriorized by drainage lasting <
7 days), grade B complications are those requiring inter-
vention but not reoperation (e.g., biloma, fistulas exterio-
rized for 7 or more days) and grade C biliary complication
are those requiring relaparotomy (e. g., bile peritonitis).

In our series, we observed, though without statistical sig-
nificance, a trend to increased grade B complications in the
stent group. Bile leakages were exteriorized throughout the
surgical drain and were self-limited in all cases. None of
them resulted in bile collections, abscesses or required any
additional intervention. Although this leak rate is similar
to other reported series (20), it should be noted that of the
3 cases of biliary leakage, 2 of them developed in the first
2 patients from the stent group. We think that the results
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Table III. General surgical complications

Kehr (n: 47)    stent (n: 28) p value

Fever 4 (8,5 %)        4 (14,28 %) 0,433
Intraabdominal abscess 2 (4,3 %)        1 (3,6 %) 0,884
Intraabdominal bleeding 2 (4,3 %)        0 0,269



were influenced by our learning curve since we had only
2 cases of leakage in the following 26 patients, (which
represents a rate of 7.69 %), after we modified bile duct
closure technique, changing from an interrupted suture to
a running suture. Furthermore, the learning curve could
also have influenced negatively the presence of residual
CBDS in the Kehr group given that 2 of the 3 cases of resi-
dual lithiasis were concentrated in the first patients.

We also found a clear trend to an increased rate of both
grade C complications (6.4 vs. 3.6 %) and the overall reo-
peration (10.6 vs. 3.6 %), while without statistical signifi-
cance in the Kehr group.

It should be noted that we observed a clear tendency to
readmission in the Kehr group (12.8 vs. 3.6 % in the stent
group), with 50 % of readmissions in the Kehr group
directly related to complications after tube withdrawal.
However, statistical significant differences could not be
demonstrated.

We believe the 39.28 % rate of cases of spontaneous
migration of the stent is remarkable, since they did not
require endoscopic retrieval. It should be considered that
if biliary leakage occurred only in 2 of the 11 cases of
migration, the presence of the stent might have been unne-
cessary for healing in the remaining 9 patients. Conse-
quently, primary closure of the bile duct may be safe and
feasible, as recommended by the results of different publis-
hed series (21-23) and may be contemplated as an alterna-
tive to consider in the future. 

In conclusion, we think that laparoscopic choledochorr-
haphy protected by transpapillary biliary stents is an effec-
tive and safe technique for single-stage treatment of patients
with gallstones and CBDS, by avoiding all the complica-
tions derived from management and removal of the Kehr
tube, as well as providing a shorter postoperative stay.

Use of a Kehr tube should be reserved for those cases
when stent placement technically is not feasible.
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