
Clinical Trial/Experimental Study Medicine®

OPEN
Biliary exploration via the left hepatic duct
orifice versus the common bile duct in left-sided
hepatolithiasis patients with a history of biliary
tract surgery
A randomized controlled trial
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Abstract
Background:Hepatectomy and additional common bile duct exploration are required for the treatment of left-sided hepatolithiasis
(LSH).

Methods: Eligible LSH patients (n=62) scheduled for open left lateral segmentectomy or left hemihepatectomy with intraoperative
biliary exploration via the left hepatic duct orifice (LHD group, n=35) or the common bile duct (CBD group, n=27) were
retrospectively studied. T-tube insertion was performed on selected patients. Primary outcome measures included overall operative
time, length of hospital stay, intraoperative complications, residual stones, and postoperative bile leaks.

Results: There were no residual stones observed in the 2 groups. Ten patients in the CBD group received T-tube placement,
whereas no patients in the LHD group received T-tube placement. There weremore patients in the CBD group suffered intraoperative
complications and postoperative bile leakage than LHD group (P< .05). The LHD group had a significantly shorter operative time and
hospitalization than the CBD group (P< .05).

Conclusion: For left-sided hepatolithiasis patients with a history of biliary tract surgery, LHD cholangioscopy is an accessible
technique that simplifies the operation procedure by avoiding choledochotomy and subsequent T-tube insertion, which results in
lower complication rates as well as shorter operative duration and length of hospitalization.

Abbreviations: CBD = common bile duct, ERCP = endoscopic retrograde cholangiopancreatography, EST = endoscopic
sphincterotomy, LSH= left-sided hepatolithiasis, MRCP=magnetic resonance cholangiopancreatography, UIN=Unique Identifying
Number.

Keywords:bile duct exploration, biliary operation history, choledochotomy, left hepatic duct (LHD) orifice, left-sided hepatolithiasis,
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1. Introduction

Primary hepatolithiasis is a prevailing biliary disorder in the East
and Southeast Asian populations.[1,2] Left-sided hepatolithiasis
accounts for themajorityof cases that require left hepatectomyafter
long-term recurrent cholangitis and subsequent parenchymal
atrophy. Furthermore, patients with left-sided hepatolithiasis
usually have concomitant right-sided hepatolithiasis or choledo-
cholithiasis.[3] Therefore, additional bile duct explorationand stone
extraction are required in these cases.However, some patients with
left-sided hepatolithiasis have undergone several prior biliary tract
surgeries to address gallstones prior to receiving left hepatectomy,
which may make it difficult to dissect the common bile duct.
The best modality established for the treatment of left-sided

hepatolithiasis is hepatectomy of the involved liver segments.[4,5]

Following left hepatectomy, a path for the cholangioscope to
access the common bile duct (CBD) via the left hepatic duct
(LHD) orifice is revealed. This approach has been used in the
laparoscopic treatment of left-sided hepatolithiasis, which has
significantly reduced the occurrence of intraoperative complica-
tions and accelerated postoperative recovery compared with
conventional choledochotomy.[6,7]
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The purpose of this study was to present our early experiences
with bile duct exploration in left-sided hepatolithiasis patients
with concurrent right-sided hepatolithiasis or choledocholithia-
sis, focusing on the patients with a history of biliary tract surgery.
2. Patients and methods

This study was registered in http://www.researchregistry.com/
and the Research Registration Unique Identifying Number (UIN)
is research registry 2998.
2.1. Patients

Between January 2012 and June 2016, a total of 192 patients
who were referred to our institution for management of
hepatolithiasis were retrospectively studied. We included 62
left-sided hepatolithiasis patients with a history of biliary tract
surgery and with concomitant right-sided hepatolithiasis or
choledocholithiasis (Fig. 1). These 62 patients, including 15males
and 47 females with a median age of 51.5 years (range=36–78
years), were scheduled for left lateral segmentectomy or left
hemihepatectomy with intraoperative biliary exploration
through the LHD orifice (LHD approach, LHD group, n=35)
or the common bile duct (CBD approach, CBD group, n=27).
The patients were well informed of the advantages and
disadvantages of the 2 approaches and gave informed consent
prior to surgery. The assignment to each approach was at the
discretion of the patient himself or herself. The presence or
absence of bile duct stones and the diameter of the CBD were
determined by preoperative ultrasonography and magnetic
resonance cholangiopancreatography (MRCP) in all patients.
Table 1 shows the baseline characteristics of the LDH group (n=
35) and the CBD group (n=27). The patients with acute
pancreatitis, cholangitis, and jaundice were treated before the
operation. Comorbid conditions, previous operations, presenting
symptoms, overall operative time, length of hospital stay, and
frequency of postoperative/procedural morbidity were recorded
and studied. Left hemihepatectomy (left lateral segmentectomy)
was performed under general anesthesia with the patient in the
supine position. A reversed L-shaped incision was made. During
the left hemihepatectomy, the falciform ligament, left triangular
ligament, left coronary ligament, and hepatogastric ligament
Figure 1. Flow chart of patient enrollment and treatment.
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were sequentially transected to mobilize the left lobe. The left
hepatic artery and left portal vein were individually dissected,
ligated, and divided. The main trunk of the left hepatic vein was
identified and ligated, and the left hepatic bile duct was
interrupted and labeled. The hepatic parenchyma was transected
along a proposed division line. Major vessels and bile ducts were
securely clipped during the process. For the left lateral segmentec-
tomy, the left lobe was dissected in the same method. The second
hepatic hilum was exposed, and the left hepatic vein was
temporarily disrupted. The liver parenchymal tissues were
dissected approximately 2cm along the falciform ligament to
identify the hepatic pedicle of the left lateral segment. Then, the
orificeof the transectedLHDwas identifiedor clippedat the stump.

2.2. Methods

Bile duct exploration was performed upon the confirmation of
gallstones by choledochoscopy (Olympus, Tokyo, Japan). Stones
were removed using a retrieval basket, if applicable, followed by
repeated bile duct flushing. T-tubes were placed in the following
situations: removal of impact stone, large CBD stones, excessive
right-sided hepatolithiasis, suspected residual stones, and
undilatated CBD (diameter <8mm).
The CBD approach: after identifying the CBD via needle

aspiration of bile from the duct, the common bile duct was
exposed. A longitudinal choledochotomy was performed with
curved scissors in the supraduodenal part of the CBD. After all
the stones were cleared, the common bile duct was closed with
interrupted sutures using 4-0 Vicryl with or without T-tube
placement.
The LHD approach: following liver dissection, the LHD stump

was dilated and retracted using sutures. After all the stones were
extracted, the LHD orifice was securely ligated.
2.3. Postoperative care and follow-up

All patients received routine care and resumed oral food intake on
the following day after surgery. The peritoneal drain was
removed within 96hours if no biliary leaks were observed. After
confirming the absence of residual gallstones, the T-tube was
removed 3 weeks after the operation during an outpatient visit.
Postoperative ultrasonography and liver function tests were
performed on the patients every 3 months or more frequently if
any symptoms were present.
2.4. Statistical analysis

All quantitative data were expressed as the mean± standard
deviation. Two-tailed unpaired Student’s t test, X2 test, and/or
Fisher’s exact probability test were used to assess statistical
significance of differences. P< .05 was considered to be
statistically significant. All statistical calculations were performed
using SPSS Software (version19.0).
3. Results

The 2 groups were comparable in sex, age, previous history,
hepatobiliary symptoms, gallstone comorbidities, biliary opera-
tion history, and the American Society of Anesthesiologists score
(P> .05, Table 1). Intraoperative bile duct exploration was
completed in the 2 groups via the assigned approach. There were
no residual stones observed in the 2 groups. Ten patients in the
CBD group underwent T-tube placement, whereas no patients in
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Table 1

Baseline characteristics of left-sided hepatolithiasis patients (n=
62) undergoing bile duct exploration via the left hepatic duct orifice
or the common bile duct.

CBD group
(n=27)

LHD group
(n=35) P value

Age, years 57.6±11.6 61.2±10.0 .210
Gender (n) .380
Female 19 28
Male 8 7

ASA score 1.7±0.6 1.6±0.6 .815
Hepatobiliary symptoms (n)
Pancreatitis 4 6 .805
Jaundice 3 5 .712
Biliary symptoms 20 27 .780

Concomitant biliary stones (n)
Choledocholithiasis 18 25 .687
Right-sided hepatolithiasis 6 5 .417
Both 3 5 .712

Biliary operation history (n)
Choledocholithotomy 22 28 .884
Bile enteric anastomosis 3 5 .712
Uncertain 2 2 .788

Times of previous operations (n) .879
�3 19 24
>3 8 11

CBD= common bile duct, LHD= left hepatic duct
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the LHD group required T-tube placement. In the CBD group, 2
patients experienced duodenum injury, 1 patient experienced
common bile duct injury, and 1 patient experienced portal vein
injury, whereas no patients in the LHD group suffered these
intraoperative complications. Postoperative bile leakage was not
observed in the LHD group but was observed in 4 patients (4 of
27) in the CBD group (P< .05), which was resolved with the
placed peritoneal drain. The LHD group had a significantly
shorter operative time than the CBD group (134.5±17.6minutes
vs 159.1±39.8minutes; P< .05). The postoperative duration of
hospitalization was significantly shorter in the LHD group than
in the CBD group (8.0±1.2 days vs 9.5±2.9 days; P< .05)
(Table 2).
Table 2

Surgical outcomes of patients who were successfully treated for
left-sided hepatolithiasis (n=62) with bile duct exploration via the
left hepatic duct orifice or the common bile duct.

CBD group
(n=27)

LHD group
(n=35) P value

Hepatectomy (n) .879
Left hemihepatectomy 8 11
Left lateral segmentectomy 19 24

Mean operative time, minutes 159.1±39.8 134.5±17.6 .002
Postoperative stay, days 9.5±2.9 8.0±1.2 .007
Intra-operative complication (n) .019
Duodenum injury 2 0
Portal vein injury 1 0
Common bile duct injury 1 0

T-tube placement (n) 10 0 <.001
Bile leaks (n) 4 0 .019
Residual stones (n) 0 0 –

CBD= common bile duct, LHD= left hepatic duct.
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During a mean follow-up period of 18 months, there were 4
(5.6%) patients with intrahepatic or extrahepatic lithiasis
recurrence. Postoperative ultrasonography confirmed that 1
patient had cholangitis and 3 had an impaction of small stones at
the right hepatic duct. These clinical outcomes are summarized in
Figure 1.
4. Discussion

Patients with hepatolithiasis usually have concomitant extrahe-
patic gallstones. Therefore, bile duct exploration and stone
extraction are required in these cases. In our country, the patients
share some of the following common characteristics: (1) the
patients have undergone several biliary operations before they
accept hepatectomy; (2) some patients could not provide useful
information about their previous operations. It is worth noting
that previous operations and unknown surgical procedures may
make CBD dissection more difficult. Conventional choledochot-
omy requires dissection of the CBD; however, choledochotomy
can easily be completed via the LHD stump.
We prefer cholangioscopy via the LHD orifice over conven-

tional choledochotomy in LSH patients for the following reasons:
(1) Patients with bile duct stones usually require 2 or more

operations due to their high rate of recurrence. For recurrent
stones, endoscopic retrograde cholangiopancreatography/endo-
scopic sphincterotomy (ERCP/EST) has been shown to be a safe
and effective treatment.[8] Unfortunately, a history of operations
was a potential predictor of failure to achieve endoscopic CBD
clearance.[9,10] If EST fails, choledocholithotomy is an acceptable
salvage procedure.[11] Adhesions around the common bile duct
occur after each choledochotomy, which may cause difficulties in
CBD dissection during subsequent operations.
(2) Biliary leak and residual stones constitute the predominant

postoperative morbidities of biliary stones.[12,13] In our patients,
biliary leak occurred more frequently in the CBD group than the
LHD group. Although all of the biliary leaks resolved within a
few postoperative days, this complication prolonged the length of
hospitalization. In our opinion, the LHD stump could be enlarged
to 1 to 2cm in diameter by forceful dilatation, which enabled us
to explore the right hepatic duct and the CBD without a sharp
angle. Because few blind spots were present, the technique could
easily be manipulated.[7,14,15] In contrast to ERCP, common bile
duct exploration via the LHD orifice follows the direction of bile
flow, which is basically an antegrade choledochoscopy. Chol-
angioscopy through the LHD has a lower chance of flushing out
little gallstones into second- or third-order bile ducts compared to
conventional choledochotomy. These little stones are the
predominant sources of residual stones. Residual stones are
rarely present, but the patients without a T-tube may require a
repeated choledocholithotomy. It is worth noting that in a subset
of intrahepatic gallstone patients presenting with an undilatated
CBD (diameter < 8mm), the use of primary closure is not
recommended because of the high risk for anastomotic stricture
and subsequent complications.[16] Furthermore, owing to the
minimal interference with the common bile duct, biliary leak and
the placement of a T-tube rarely occurred in patients undergoing
bile exploration via the LHD orifice.
(3) Patients with a history of biliary operations may experience

several intraoperative complications during dissection of the
CBD.[17] Adhesions form between the surfaces of the gallbladder
bed, gallbladder triangle, greater omentum, duodenum, and
transverse colon after biliary surgeries. During conventional
choledochotomy, we have to address the adhesions before
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dissecting the CBD, which may result in injures to the duodenum
and the transverse colon. Furthermore, the tissues around the
CBD become tough, which increases the likelihood of injuring the
common bile duct and the portal vein. Biliary operations
preceding CBD dissection include choledocholithotomy and bile
enteric anastomosis. Duodenum injuries during the dissection of
the CBD are more common in patients with bile enteric
anastomosis. For patients with an uncertain history of biliary
surgery, we must anticipate the probable influence of biliary
enteric anastomosis during CBD dissection. However, a
choledochotomy can be easily completed using the LHD
approach by dissecting the left portal vein and left hepatic
artery near the left liver diaphragmatic surface. In our study, the
LHD group had a significantly shorter operative time than the
CBD group. In the CBD group, 2 patients suffered from
duodenum injuries, 1 patient suffered from a common bile duct
injury, and 1 patient suffered from a portal vein injury. We
should pay more attention to the fact that all patients with
intraoperative complications had undergone more than 3 biliary
tract surgeries. However, such complications were avoided in
patients with similar surgical histories using the LHD approach.
(4) Bile duct exploration through the LHD has some

limitations.When there are strictured stumps, the cholangioscope
cannot be easily guided into the CBD. Additionally, large-sized
stones and impacted stones cannot be extracted through the
stumps. Thus, we do not recommend the use of the LHD
approach in cases of strictured LHD stumps or undilatated LHD
stumps with big stones because of the high risk of hepatic duct
injuries and subsequent complications. Despite all this, it is
beneficial to locate the common bile duct with biliary bougie
assistance through the LHD orifice.
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