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The purpose of this study is to introduce and evaluate a new technique of repairing bile

ducts by the tubular gastric wall with a vascularized pedicle. Both the end-to-end bile

duct repair and Roux-en-Y hepatoenterostomy have limitations in the treatment of

benign bile duct strictures after cholecystectomy. There are no other good choices to

manage these cases, especially the bile duct transection injuries or partly missing

common bile duct or hepatic duct. Eleven patients with partly missing common bile

ducts in the Chinese People’s Liberation Army General Hospital between January 2007

and December 2012 were retrospectively analyzed. The study comprised 8 females and 3

males, whose age ranged from 29 to 56 years. All patients underwent successful bile duct

repair. The time of operations ranged from 210 minutes to 240 minutes. The maximal

blood loss was less than 220 ml. There was no perioperative mortality and no case of

gastric fistula. Postoperative complications occurred in 3 patients, including wound

infection, bile leakage, and erosive gastritis. All complications were cured by

conservative treatment. The mean follow-up time was 42 months. One patient was

classified as Terblanche’s grade II and 10 patients were classified as Terblanche’s grade I.

The observations indicate that this technique is a feasible and effective choice to manage

low level biliary stricture after cholecystectomy, especially suitable to repair bile duct

transection injuries or partly missing common bile duct or hepatic duct.
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It is a great challenge for surgeons to manage

benign biliary strictures (BBSs) after cholecystec-

tomy. BBS patients often survive for a long time, so

surgeons pursue a long-term treatment for BBSs and

minimize the effect on the patients’ quality of life as

they are able. Traditionally, surgery has been used as

a means to treat BBSs, and the common procedure

includes end-to-end bile duct repair and biliary-

enteric anastomosis. However, current studies sug-

gest that the former has a limited role in the
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treatment of benign bile duct strictures due to its
narrow indications and poor long-term outcome.1,2

The latter emphasizes the anatomy and treatment of
proximal bile ducts. This approach misses the
important ‘‘sphincter of Oddi’’ function of an
antireflux device, and therefore, cannot avoid the
incidence of reflux cholangitis, which increases not
only the pain but also the risk of cholangiocarcino-
ma in long-term follow-up patients. Moreover, a
biliary-enteric anastomosis alters the normal bile
flow, changing the physiologic conditions of the
gastrointestine and leading to the disorder of
gastrointestinal hormone release. Hence, it increases
the incidence of postoperative duodenal ulcer and
inhibits fat metabolism and absorption due to the
lack of bile between the duodenum and jejunum.3–5

New technologies should be developed to over-
come the above disadvantage of current surgery,
and the method of biliary reconstruction should be
improved. The ideal surgical procedure for BBSs
should be technically simple and should preserve
both the physiologic passage of bile and the function
of sphincter of Oddi.6 This article introduced a new
method using the tubular gastric wall with a
vascularized pedicle to repair iatrogenic biliary
strictures based on this idea.

Materials and Methods

We evaluated all patients who had injured biliary
stricture after cholecystectomy and were treated by
biliary surgery specialists using the tubular gastric
wall and vascularized pedicle surgical procedure
between January 2007 and December 2012. The
operative data and complications, including com-
plications and mortality during the perioperative
period, were obtained from medical records. The
postoperative follow-up data were collected either
prospectively at the time of clinic visits or retro-
spectively by telephone interviews. The long-term
surgical outcome included an assessment of symp-
toms, liver function tests, and radiographic studies.
The criteria for assessing the late results of biliary
stricture management were as follows: Terblanche’s
grade I, no biliary symptoms, and normal liver
function; grade II, transitory symptoms but current-
ly no symptoms and normal liver function; grade III,
clear-cut related symptoms and deteriorating liver
function; grade IV, recurrent strictures requiring
endoscopic, percutaneous, and/or surgical therapy.7

To be included in the study, all patients needed to
have received liver function tests and Doppler
ultrasonography 3 and 6 months after the surgery.

If positive, magnetic resonance cholangiopancre-
atography or hepatobiliary iminodiacetic acid were
used to further investigate the status of the bile duct.

Surgical technique

Stenosis of the bile duct was removed and the
healthy bile duct stumps were shaped routinely. The
length of the bile duct defect and the duct diameter
were measured and further used to estimate the size
of the tubular gastric wall. The pulsatility of the right
gastroepiploic artery of the gastric greater curvature
was detected in order to locate the right gastro-
epiploic vessels. The gastric wall from the middle of
the greater curvature of the stomach with its blood
supply based on the right gastroepiploic vessels (13
cm from the pylorus and 1 cm in diameter), was
chosen as the repair material. The right gastro-
epiploic vessels in and out of the tubular gastric flap
were maintained, while these vessels in and out of
the rest of the gastric wall were ligated and cut. The
main branch of the right gastroepiploic vessels was
then dissected (Fig. 2). The gastric tube with a
vascularized pedicle was collected using a linear
cutting anastomat (Figs. 2, 3). Then, the tube was
finely reconstructed according to the length of bile
duct defect and the shape of the bile duct openings.
The condition of the cutting edge was observed and
the bleeding was carefully stopped. The posterior
walls of the gastric tube with a vascularized pedicle
were anastomosed to those of the two bile duct
stumps using single-layer interrupted sutures with
4–0 or 6–0 Vicryl (Fig. 4). Then, the long arm of a

Fig. 1 Preoperative MRCP.
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transanastomotic T-tube was taken out of the front

hole of the gastric tube using a right-angle forceps.

One short arm of the T-tube was placed into the left

hepatic duct, and the other short end was placed into
the common bile duct. The posterior row of sutures

was placed followed by the anterior row. Both

anastomoses were mucosa to mucosa. Finally, the

long arm of the T-tube was fixed by a stitch of the
same suture type (Fig. 4). If the bile duct diameter

was too small to accept the T-tube, other straight

silicone tubes could be used for biliary drainage.

Results

The study comprised 11 patients (8 females and 3
males), whose age ranged from 29 to 56 years with a

mean age of 42.7 (Table 1). All of the patients

received laparoscopic cholecystectomy at other

hospitals due to gallstones or gallbladder polys
with cholecystitis. During the primary cholecystec-
tomy, they got common hepatic bile duct injuries.
Among them, the bile duct transection injury was
found in 1 case during the surgery. After placing a
bile drainage tube, the patient was transferred to our
hospital. Peritonitis symptoms appeared in 3 pa-
tients within 1 week after the operation, and
emergent exploratory laparotomy confirmed that it
was due to bile duct injuries and/or bile leaks.
Subsequently, 2 cases received peritoneal lavage and
the external biliary drainage operation. The other
patient was treated with end-to-end anastomosis.
The remaining 7 patients had jaundice or recurrent
cholangitis 3 months after the surgery. One patient
underwent balloon angioplasty without relief and
was transferred to our hospital. All 11 patients
received bile duct repair by the gastric wall with a
vascularized pedicle. All operations were per-
formed 2 weeks after the control of biliary tract
infection. During the surgery, 10 cases were con-
firmed to have Bismuth II injury, and 1 case had
Bismuth III injury. The right hepatic artery and
portal vein were all intact in these patients. After
bile duct reconstruction, it was required to reveal
the bile duct confluence and the posterior segment
of choledocho duodena. The length of the bile duct
defect was more than 2 cm in all patients. All
patients underwent successful bile duct repair with
the tubular gastric wall with a vascularized pedicle.
The time of operations ranged from 210 minutes to
240 minutes with a mean time of 228 minutes. The
maximal blood loss was less than 220 ml. There was
no perioperative mortality. No cases of gastric fistula
were recorded. Postoperative complications oc-

Fig. 2 Taking the tubular gastric wall with a vascularized

pedicle by a linear cutting anastomat.

Fig. 3 The tubular gastric wall with a vascularized pedicle (the

right gastroepiploic vessels).

Fig. 4 Anastomosis of the gastric tube to the two bile duct

stumps and placement of 18 T-tube.
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curred in three patients, including 1 case of wound
infection, 1 case of bile leakage, and 1 case of erosive
gastritis. The patient with erosive gastritis respond-
ed to antacids well. All complications were cured by
conservative treatment. The follow-up time ranged
from 21 months to 83 months with a mean time of 42
months. One patient had transitory episodes of pain
or fever during the follow-up time (Terblanche’s
grade II), and became normal later. The other
patients had no biliary symptoms. All patients
showed the normal liver function for all tested
indicators including alanine aminotransferase, as-
partate aminotransferase, alkaline phosphatase, to-
tal bilirubin, and direct bilirubin. No recurrent
strictures were found by the cholangiography or
ultrasonography (Terblanche’s grade I).

Discussion

Generally, iatrogenic biliary strictures mean the loss
of normal bile duct length and lumen width. Hence,
it is critical to cut the stricture, enlarge the biliary
lumen, and reconstruct the bile duct so that both the
physiologic passage of bile and the function of
sphincter of Oddi can be retained maximally. How
to connect the 2 ends of the bile duct after stricture
resection is a question that arises.

According to the literature, multiple materials
have been reported to replace biliary defects,
including expanded polytetrafluoroethylene, autol-
ogous veins, bioabsorbable polymer patch, etc.8–10

These studies suggest that the best material for
duct repair is autologous tissue resistant to bile, so
we chose the tubular gastric wall in the present
study.

Anatomically, the stomach is near the extrahe-
patic bile duct. The gastric wall has rich blood

supply and communicating branched vessels, which
makes it a good material for bile duct repair. In
addition, the rest of the gastric wall supplied by the
right gastroepiploic vessels will not undergo ische-
mic necrosis after the removal of these vessels. That
is why there were no stomach leakage patients in
our study. The arterial supply of the supraduodenal
duct is essentially axial, called the 3 o’clock and 9
o’clock arteries, arising from the superior pancreat-
icoduodenal artery or the right branch of the hepatic
artery mostly.11 It is easily damaged in bile duct
injuries. In contrast, the arterial supply of hilar bile
duct is a collateral system, where the right and left
hepatic arteries communicate freely via the hilar
plate arterial plexus.12 Hence, ischemia seldom
happens. The proximal bile duct stump should be
dissected at the level of hepatic duct convergence,
especially in the case of injury of the right hepatic
artery. The arterial supply of lower common bile
duct including the posterior duodenum is mainly
supplied by the posterior superior pancreaticoduo-
denal artery. This arterial supply is seldom damaged
due to scarce dissection at the primary attempt, so
the blood supplies of the proximal and distal bile
ducts are preserved. Moreover, the tubular gastric
flap has its own blood supply, whose length and
width can be regulated along with the shaped
defect. All these factors guarantee the sufficient
blood supply and free tension at the anastomosis
site, which may be one of the reasons for less bile
leakage patients in the study. Even bile leakage did
happen, it could be cured by conservative treatment.
The gastric wall has thicker smooth muscle than that
of jejunum, so it is difficult to dilate like biliary cyst
compared with jejunal wall, which is obtained from
the T-tube Cholangiography (Fig. 5).

Table 1 Baseline characteristics

Patient Gender Age Primary operation
Bismuth

classification Presentation
Management prior

to referral

1 Female 29 Laparoscopic cholecystectomy Bismuth II Intraoperative diagnosis External drainage
2 Female 45 Laparoscopic cholecystectomy Bismuth II Peritonitis/biliary leak Surgical treatment
3 Female 46 Laparoscopic cholecystectomy Bismuth III Jaundice Balloon dilatation
4 Male 43 Laparoscopic cholecystectomy Bismuth II Jaundice None
5 Male 56 Laparoscopic cholecystectomy Bismuth II Jaundice None
6 Male 37 Laparoscopic cholecystectomy Bismuth I Cholangitis None
7 Female 43 Laparoscopic cholecystectomy Bismuth II Cholangitis None
8 Female 48 Laparoscopic cholecystectomy Bismuth II Peritonitis/biliary leak Surgical treatment
9 Female 52 Laparoscopic cholecystectomy Bismuth II Peritonitis/biliary leak Surgical treatment

10 Female 39 Laparoscopic cholecystectomy Bismuth II Cholangitis None
11 Female 32 Laparoscopic cholecystectomy Bismuth II Cholangitis None
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Technically, the key for a successful operation is
to locate the proximal and distal bile duct precisely.
The difficulty of this procedure is how to identify
the distal end from the scar. Generally, the distal
target is the retroduodenal part of the common bile
duct. After this segment, the common bile duct goes
into the pancreatic parenchyma or the pancreas and
cannot be anastomosed. In the present cases,
division and retraction downward of the horizontal
part of duodenum localized the common bile duct
near the portal vein. Intraoperative ultrasonography
was used as an essential technique for locating the
distal end. The proximal bile duct stump could be
found by lowering the hilar plate at the base of
segment IV.13

Compared with RYHJ, the technique we intro-
duced here maintains the function of sphincter of
Oddi, which provides a normal biliary duct pressure
and a barrier to prevent reflux into the bile duct.
Another advantage of this improved technique is to
make ERCP or balloon dilatation achievable via
repaired bile ducts postoperatively. This approach
has wider clinical applicability than end-to-end bile
duct repair because of variable length and width of
the gastric wall with a vascularized pedicle. Based
on our observations, this technique is highly
recommended to treat patients with the low level
injured biliary, including Bismuth I and II and part
of Bismuth III patients. The approach is especially
suitable to repair bile duct transection injuries or
partly missing of the common bile or hepatic duct
due to other causes (Fig. 1), which cannot be fixed
by currently reported flake gastric flaps. At least
partially continuous bile duct is a must for the
application of flake gastric flaps.

In this study, the long-term outcome was excellent.
It may be because all operations were performed by
experts. The successful rate of primary bile duct
repair done by previous surgeons was only 17 to
27%, but it was increased up to 80 to 90% in the
special medical center via experts.2,14 However, the
presented technique was only applied in 11 patients.
More detailed and large-scale studies are needed and
several details of the procedure can be debated. Some
research reported that the biopsy of gastric wall taken
from the T-tube sinus 3 months after operation
showed chronic or acute inflammation.15 However,
how the gastric wall changes in the long-term bile
environment and how the gastric wall affects the
biliary tract need to be further investigated.

We concluded bile duct repair by the tubular
gastric wall with a vascularized pedicle is a feasible
and effective choice to manage low level biliary
strictures after cholecystectomy, especially suitable
to repair bile duct transection injuries or partly
missing common bile duct or hepatic duct.

References

1. Rossi RL, Tsao JI. Biliary reconstruction. Surg Clin North Am

1994;74(4):825–841; discussion 843–844

2. Stewart L, Way LW. Bile duct injuries during laparoscopic

cholecystectomy. Factors that influence the results of treat-

ment. Arch Surg 1995;130(10):1123–1128; discussion 1129

3. Tocchi A, Mazzoni G, Liotta G, Lepre L, Cassini D, Miccini M.

Late development of bile duct cancer in patients who had

biliary-enteric drainage for benign disease: a follow-up study

of more than 1,000 patients. Ann Surg 2001;234(2):210–214

4. Rudnicki MMD, Sheriff S, Ischer JE. Roux-en-Y jejunal bypass

abolishes postprandial neuropeptide Y release. J Surg Res 1992;

53(1):7–11

5. Imamura MTM, Sasaki I, Yamauchi H, Sato T. Effects of the

pathway of bile flow on the digestion of FAT and the release of

gastrointestinal hormones. Am J Gastroenterol 1988;83(4):386–

392

6. Okamura T, Orii K, Ono A, Ozaki A, Iwasaki Y. Surgical

technique for repair of benign stricture of the bile ducts,

preserving the papilla of Vater. World J Surg 1985;9(4):619–625

7. Terblanche J, Worthley C, Spence R, Krige J. High or low

hepaticojejunostomy for bile duct strictures? Surgery 1990;

108(5):828

8. Mendelowitz DS, Beal JM. Expanded polytetrafluoroethylene

in reconstruction of the canine biliary system. Am J Surg 1982;

143(2):221–224

9. Amiranashvili ID, Kavtaradze MN, Berishvili ER. Hepatico-

choledoch reconstruction by explants and autotransplants.

Georgian Med News 2005;(129):120–123

Fig. 5 T-tube Cholangiography: 6 months after operation.

CHENG PROMISING METHOD OF BILIARY RECONSTRUCTION

1076 Int Surg 2015;100

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-07-07 via free access



10. Aikawa M, Miyazawa M, Okamoto K, Toshimitsu Y, Torii T,

Okada K et al. A novel treatment for bile duct injury with a

tissue-engineered bioabsorbable polymer patch. Surgery 2010;

147(4):575–580

11. Northover JM, Terblanche J. A new look at the arterial supply

of the bile duct in man and its surgical implications. Br J Surg

1979;66(6):379–384

12. Vellar ID. The blood supply of the biliary ductal system and its

relevance to vasculobiliary injuries following cholecystectomy.

Aust N Z J Surg 1999;69(11):816–820

13. Carlos U, Corvera FA. Benign biliary strictures. In: Jarnagin

WR, ed. Blumgart’s Surgery of the Liver, Biliary Tract, and

Pancreas. Philadelphia, PA: Saunders, 2012:632–774

14. Carroll BJ, Birth M, Phillips EH. Common bile duct injuries

during laparoscopic cholecystectomy that result in litigation.

Surg Endosc 1998;12(4):310–313; discussion 314

15. Xiang X, Ceng JP, Wang DJ, Wang J, Huang XQ, Dong JH. The

feasibility study of repairing benign biliary stricture used

vascularized pedicle flap of stomach. Chinese Journal of

Hepatobiliary Surgery 2011;17(12):998–1000

PROMISING METHOD OF BILIARY RECONSTRUCTION CHENG

Int Surg 2015;100 1077

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-07-07 via free access


