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Abstract
AIM: To investigate the feasibility, efficacy and safety 
of laparoscopic hepaticoplasty using gallbladder as sub-
cutaneous tunnel and sphincter-of-Oddi preservation 
for hepatolithiasis.

METHODS: From January 2010 to July 2013, six pa-
tients with hepatolithiasis were treated at our institu-
tion. All the patients underwent laparoscopic surgery. 
The procedures included common hepatic duct explora-
tion, stone clearance by fiberoptic choledochoscopy, 
hilar bile duct hepaticoplasty with preservation of the 
sphincter of Oddi, anastomosis between the hilar bile 
duct and neck of the gallbladder, and establishment 
of a subcutaneous tunnel with the gallbladder. Two 
patients underwent left lateral hepatectomy simultane-
ously. Clinical data including operation time, intraopera-
tive blood loss, operative morbidity, hospital mortality, 
stone clearance, and recurrence rate were analyzed.

RESULTS: All patients successfully completed laparo-
scopic surgery. The mean length of hospital stay was 
4.5 ± 0.9 d (range: 3-6 d). The mean blood loss of the 
hepatectomy was 450 mL (range: 200-700 mL), and 
the blood loss of the other four was 137 ± 151 mL 

(range: 50-400 mL). The mean operative time was 318 
± 68 min (range: 236-450 min). The operative morbid-
ity and hospital mortality were zero. The immediate 
stone clearance rate was 100%. All patients were fol-
lowed up for an average of 17 mo (range: 7-36 mo). 
One of the six patients had abdominal mass with pain, 
and subcutaneous tunnel cholangiography showed se-
vere gallbladder-biliary anastomotic stricture at 4 mo 
postoperatively. There was no stone recurrence and no 
cholangitis during follow-up.

CONCLUSION: Laparoscopic hepaticoplasty using 
gallbladder with a subcutaneous tunnel and preserving 
the sphincter of Oddi is feasible, safe and effective for 
hepatholithiasis. 

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: The treatment of hepatolithiasis is still a great 
challenge for surgeons. The residual and recurrent cal-
culi are two major difficulties. This study introduces a 
new technique for hepatolithiasis and describes its two 
advantages. The first is that the sphincter of Oddi is 
preserved and it prevents intestinal reflux, which de-
creases the postoperative cholangitis rate; the second 
is that the subcutaneous tunnel is a minimally invasive 
approach for residual and recurrent stones that avoids 
reoperation. In selected cases, the operation can be 
completed via  laparoscopy, and this technique is simple 
and safe. 
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INTRODUCTION
Hepatolithiasis is prevalent in Southeast Asia but rare 
in Western countries. The occurrence rate was reported 
to be 0.6%-1.3% of  patients with gallstones in Taiwan, 
South Korea and China[1,2]. Long-term hepatolithiasis can 
lead to secondary biliary cirrhosis and cholangiocarci-
noma, and may be a heavy burden on patients[3-5]. In the 
past, the traditional treatment procedures for hepatoli-
thiasis were common bile duct exploration, resection for 
fibrous and atrophic liver tissues, and choledochojejunos-
tomy. In recent years, the development of  laparoscopic 
surgery has introduced a minimally invasive method such 
as laparoscopic hepatectomy[6]. Laparoscopic hepatec-
tomy for the treatment of  hepatolithiasis has been widely 
used in many institutes, but, to the best of  our knowl-
edge, there are no reports of  laparoscopic heapticoplasty 
with gallbladder for treatment of  hepatolithiasis.

Since 1993, an open operative procedure has been 
introduced in which hepaticoplasty was performed using 
a free segment of  jejunum or gallbladder for a subcutane-
ous tunnel and preservation of  the sphincter of  Oddi. 

The aim was to set up a tunnel between the biliary duct 
and tela subcutanea in order to remove recurrent stones 
and drain the bile in recurrent cholangitis in a minimally 
invasive manner[7]. Since January 2010, a new laparoscop-
ic surgical procedure has been attempted and the results 
are reported below. 

MATERIALS AND METHODS
Clinical data
From January 2010 to July 2013, six patients (5 female 
and 1 male; mean age: 57.8 years, age range: 21-74 years) 
with hepatolithiasis underwent laparoscopic surgery 
at our institution. Ultrasonography (USG), computed 
tomography angiography and magnetic resonance chol-
angiopancreatography (MRCP) were performed preop-
eratively concerning the stricture location, distribution 
of  calculi, concomitant liver fibrosis and atrophy, and the 
anatomy of  the biliary tree and vascular system. 

Indications for laparoscopy
The indications for laparoscopic surgery were: (1) fit 
for open surgery (good general condition, no significant 
organ dysfunction, able to tolerate anesthesia and liver 
resection); (2) no extrahepatic or future remnant intrahe-
patic biliary stricture, or no suppurative cholangitis; (3) 
Child-Pugh class A or B liver function without serious 
atrophy-hypertrophy complex or severe hepatic portal 
translocation; (4) no gallbladder size shrinkage and no 
pathological changes; and (5) no necessity for large he-
paticoplasty because of  small size of  bile duct stricture. 
Diagnosis of  cholangiocarcinoma by preoperative imag-
ing, and intraoperative frozen section and postoperative 

pathological examination findings were not taken into 
consideration.

Distribution of calculi
Three of  the patients had stones in segments Ⅱ-Ⅳ, one 
in segments Ⅴ-Ⅵ, and two had bilateral stones. In one 
of  the latter two patients, stones were accompanied by 
hilar bile duct stricture, and both had left lateral hepatic 
atrophy. 

Laparoscopic bile duct exploration 
Patients were placed in the Lloyd-Davis position under 
general anesthesia with tracheal intubation. The primary 
surgeon stood between the patient’s legs, with one as-
sistant on each side. A CO2 artificial pneumoperitoneum 
was established with intra-abdominal pressure controlled 
at 12-14 mmHg. The sites of  trocars were similar to 
those in the laparoscopic cholecystectomy. The length 
and site of  the common hepatic choledochotomy used 
were governed by the size and location of  the stones, 
which was at least 3 cm. Detection of  intra- and extra-
hepatic bile ducts was carried out by flexible fiberoptic 
choledochoscopy (4.9 mm P-20; Olympus, Tokyo, Japan) 
through the choledochotomy to find and remove the 
stones and to detect any bile duct strictures. Stones were 
extracted by forceps, stone basket or saline flushing un-
der choledochoscopic guidance. Large impacted stones 
were fragmented by plasma shock wave lithotripsy[8] and 
extracted by choledochoscopy. 

Laparoscopic left hepatectomy
A new trocar was placed at the right subcostal midcla-
vicular line. The round, falciform, left coronary and 
triangular ligaments were transected with a harmonic 
scalpel (Olympus). The margin of  hepatectomy ran for 1 
cm to the left side of  the falciform ligament and hepatic 
transection was continued with the harmonic scalpel to 
the inferior side of  the liver. The hepatic parenchyma was 
transected gradually along the transection line with the 
harmonic scalpel or Ligasure (Covidien, Mansfield, MA, 
United States). The pedicles of  hepatic segments Ⅱ and 
Ⅲ were exposed and transected with titanium clips, hem-
lock or EndoCutter (Covidien). The left hepatic vein was 
transected with a linear EndoCutter, and the specimen 
was placed into the specimen bag. A flexible fiberoptic 
choledochoscope was used to detect extra- and intrahe-
patic bile ducts by the orifice of  the left hepatic bile duct, 
remove stones in the hepatic bile duct (Figure 1), and 
close the orifice by suture. Finally, the raw surface was ex-
amined carefully to ensure that there was no bleeding or 
bile leakage.

Laparoscopic hepaticoplasty using gallbladder as a 
subcutaneous tunnel 
The gallbladder was examined carefully to ensure that its 
wall was normal. The cystic duct was exposed, cut off  
and ligated, the cystic artery was preserved to avoid in-
jury, and the neck of  the gallbladder was freely separated. 
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The neck of  the gallbladder was opened longitudinally at 
about 3 cm in length (Figure 2); a flexible fiberoptic cho-
ledochoscope was inserted into the gallbladder to detect 
whether the mucosa was normal, and to remove gallblad-
der stones. If  the mucosa was normal, the gallbladder 
was used as a tunnel. For hilar bile duct stricture, the 
common hepatic duct was opened longitudinally, stricture 
of  the right and left hepatic ducts was corrected, and the 
hepatic duct was repaired using the neck of  the gallblad-
der (Figure 3). Side-to-side anastomosis was performed. 
The gallbladder bed was separated to ensure that the 
fundus of  the gallbladder could be drawn and fixed at the 
peritoneum and abdominal rectal muscle anterior sheath 
(Figure 4). The fundus of  the gallbladder was about 3 cm 
× 2 cm on rectus sheath. Finally, the gallbladder fundus 
was marked on the skin with electrocautery.

For all cases, a T-tube was routinely inserted into the 
common bile duct for postoperative cholangiography and 
choledochoscopy.

Follow-up
All patients received the same postoperative care by the 
same team of  surgeons. USG was conducted every 3-6 
mo, and then annually, or whenever the patients pre-
sented with symptoms suggestive of  cholangitis. MRCP 
or endoscopic retrograde cholangiopancreatography was 

performed if  USG showed features of  stone recurrence 
or ductal strictures. If  necessary, cholangiography was 
performed by opening the subcutaneous channel.

RESULTS
All patients successfully completed laparoscopic surgery. 
The mean length of  hospital stay was 4.5 ± 0.9 d (range: 
3-6 d). The mean blood loss of  the hepatectomy was 450 
mL (range: 200-700 mL), and the blood loss of  the other 
four was 137 ± 151 mL (range: 50-400 mL). The opera-
tive time was 318 ± 68 min (range: 236-450 min). The 
operative morbidity and hospital mortality were zero. The 
immediate stone clearance rate was 100%. 

All patients were followed up for an average of  17 
mo (range: 7-36 mo). There was no stone recurrence or 
cholangitis during follow-up. One patient had an abdomi-
nal mass with pain, and subcutaneous tunnel cholangi-
ography showed severe gallbladder-biliary anastomotic 
stricture at 4 mo postoperatively. Considering the subcu-
taneous tunnel failure, we performed gallbladder chemi-
cal ablation with 95% ethanol[9,10] via the subcutaneous 
tunnel because the patient refused cholecystectomy. 

DISCUSSION
Hepatolithiasis is still endemic in East and Southeast 
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Figure 1  Removal of intrahepatic duct stones by stone basket using a 
flexible fiberoptic choledochoscope. 

Figure 2  neck of the gallbladder was opened longitudinally about 3 cm in 
length.

Figure 3  hepatic duct was repaired using the neck of the gallbladder.

Figure 4  fundus of gallbladder was fixed at the tela subcutanea to estab-
lish a tunnel between the hepatic duct and the subcutaneous layer.
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and clinical research, we established a new technique for 
treatment of  residual and recurrent hepatolithiasis and 
have achieved good results. We performed hepaticoplasty 
with gallbladder or segmental free jejunum for a subcuta-
neous tunnel and preserved the sphincter of  Oddi. There 
are two advantages to this technique for residual and re-
current hepatolithiasis: preservation of  the sphincter of  
Oddi and the use of  a subcutaneous tunnel. 

In recent years, surgeons have paid increasing atten-
tion to the preservation of  the sphincter of  Oddi. The 
sphincter consists of  the ampulla, biliary sphincter and 
pancreatic sphincter. It regulates the excretion of  bile and 
pancreatic juice, prevents intestinal reflux, and avoids ret-
rograde biliary infection. If  the function of  the sphincter 
of  Oddi is destroyed, there is a series of  pathological 
changes, such as decreased basal pressure of  the sphinc-
ter, disappearance of  the common bile duct-duodenum 
pressure gradient, biliary pneumatosis, bacteria in the bile 
juice, and bile duct chronic inflammation. Thus, many 
complications such as recurrent bile duct stones, chol-
angitis and cholangiocarcinoma occur[22]. Some authors 
have reported that patients with sphincter of  Oddi dys-
function tend to have a higher risk of  recurrence and a 
greater demand for reoperation than those without these 
conditions[23-25]. Therefore, we suggest that the sphincter 
of  Oddi should be preserved if  there is no laxity or re-
striction.

The key point of  this technique is to ensure the nor-
mal function of  the sphincter of  Oddi. There are many 
methods to diagnosis sphincter of  Oddi dysfunction, 
but many of  them are invasive[26]. We have found a rela-
tively simple method for intraoperative judgment: if  the 
intraoperative exploration shows that a 16 Fr catheter 
can pass through the orifice of  the duodenum ampulla, 
the sphincter of  Oddi can be considered to have normal 
function and it should be preserved.

The second feature of  this technique is the use of  a 
subcutaneous tunnel as a minimally invasive approach for 
treatment of  residual or recurrent hepatolithiasis. The 
first case of  hepaticoplasty using the jejunum with a sub-
cutaneous tunnel was performed at our institute in 1993. 
The common hepatic and left and right hepatic ducts 
were opened longitudinally to form a “basin of  hepatic 
duct”, then a 12-15-cm free pedicled jejunum (anal side) 
was side-to-side anastomosed with the “basin of  hepatic 
duct” and the oral side of  the jejunum was fixed to the 
abdominal wall (Figure 5). 

The gallbladder subcutaneous tunnel is more physi-
ological and convenient than the free jejunum. If  no gall-
bladder shrinkage or pathological changes are found, and 
there is no need for large-scale hepaticoplasty because of  
the small size of  bile duct stricture, the gallbladder can 
be used as a subcutaneous tunnel. The anastomosis is not 
difficult even by laparoscopy. During follow-up, the tun-
nel can be incised for biliary drainage, cholangiography, 
choledochoscopic exploration, lesion biopsy, stones clear-
ance, and biliary stricture dilation under local anesthesia 
whenever the patients present with symptoms suggestive 

Asia, and is characterized by bile duct stricture and stone 
formation, causing acute and recurrent life-threatening 
cholangitis. Repeated cholangitis results in bacterial infec-
tion in the biliary system, liver and blood, and leads to 
liver abscess, sepsis, biliary cirrhosis and even cholangio-
carcinoma. To prevent immediate and late sequelae, ag-
gressive treatment is needed.

There are many methods of  treatment for hepato-
lithiasis, such as bile duct exploration and hepatectomy. 
All of  them have the same principles: to remove lesions, 
extract stones, correct strictures, maintain drainage, and 
prevent recurrence. In recent years, minimally invasive 
treatment of  hepatolithiasis has developed greatly, in-
cluding laparoscopy, choledochoscopy, and percutaneous 
transhepatic choledochoscopy.

 Many authors have reported that hepatectomy seems 
to be the most definitive approach for hepatolithiasis to 
remove the lesions including stones, strictures, dilation 
and affected hepatic tissues[11-13]. Laparoscopic hepatec-
tomy has also become possible with the availability of  
new instruments that allow bloodless liver resection. In 
1996, Azagra et al[14] were the first to report laparoscopic 
hepatic left lateral lobectomy. Since then, there have been 
many cases of  laparoscopic hepatectomy for hepatolithi-
asis reported, confirming the good short- and long-term 
effects, high safety, rapid recovery, even for patients with 
previous biliary operations[15-19].

Although some cases of  regional-type hepatolithiasis 
can benefit from hepatectomy, residual and recurrent 
stones are still a major challenge for diffuse-type hepa-
tolithiasis. The reasons may include: (1) the lesions of  
diffuse-type hepatolithiasis are only reduced through hep-
atectomy and another treatment approach is needed; (2) 
it is difficult to remove stones thoroughly during surgery 
for diffuse-type hepatolithiasis, and the stone recurrence 
rate is high[12]; and (3) postoperative reflux cholangitis 
related to the method of  biliary reconstruction, especially 
Roux-en-Y hepaticojejunostomy, has become an impor-
tant cause of  stone recurrence[20,21]. 

Reoperation for residual and recurrent hepatolithiasis 
is difficult, and can impose great physical and mental suf-
fering on patients. After several years of  experimental 

Abdominal wall 

Figure 5  anterior wall of the hepatic basin was repaired using a free seg-
ment of jejunum, and a hepatico-subcutaneous stoma was formed. 
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of  cholangitis. Also, the tunnel can be marked by electro-
cautery intraoperatively or by USG postoperatively. 

According to our experience, 24% (32/146) of  recur-
rent or residual hepatolithiasis cases underwent biliary 
drainage, stone clearance and stricture dilation via the 
subcutaneous tunnel[4]. The high availability enabled the 
patients to avoid reoperation and fully demonstrated the 
necessity and value of  the subcutaneous tunnel. 

In our follow-up, we did not find infection, rupture, 
volvulus, or increasing stone recurrence rate due to the 
subcutaneous tunnel. Although the gallbladder-hilar bile 
duct anastomosis stricture in the present study may have 
been due to inexperience, we have not found efferent ob-
struction of  the subcutaneous tunnel in any of  the other 
cases. 

The difficulty of  this technique is the total laparo-
scopic anastomosis of  the gallbladder neck and hilar bile 
duct. It is necessary to dissect the triangle of  Calot care-
fully, freeing the gallbladder bed, ligating the cystic duct 
and creating an anastomosis. It also requires intermittent 
all-layer suture at least 3 cm in diameter.

In summary, this technique reduces postoperative 
reflux cholangitis rate by preserving the sphincter of  
Oddi but also provides a minimally invasive treatment for 
recurrent or residual stones via the subcutaneous tunnel. 
Also, this technique is simple and safe. However, cur-
rently the number of  cases is small, and more cases and 
the long-term effects need further study.

COMMENTS
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Hepatolithiasis is prevalent in Southeast Asia, especially in China, South Korea 
and Taiwan, and aggressive treatment is needed because of the sequelae such 
as biliary cirrhosis and cholangiocarcinoma. The major difficulties of traditional 
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stones.
Research frontiers
Many studies have shown that hepatolithiasis is a segmental disease along the 
biliary tree and hepatectomy seems to be the most effective method of treat-
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results in localized hepatolithiasis, therapy for diffuse-type hepatolithiasis and the 
high incidence of residual and recurrent stones are still major challenges. The 
high incidence of reflux cholangitis caused by traditional hepaticojejunostomy is 
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The authors established a minimally invasive approach for hepatolithiasis. The 
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