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Modified technique of Hepatojejunostomy 2
for biliary tract reconstruction after resection

of tumors affecting the perihilar region: a case
series
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Abstract

Backgrounds Radical resection is the most effective treatment for perihilar tumors. Biliary tract reconstruction after
resection is one of the key steps in this surgery. Mucosa-to-mucosa cholangiojejunostomy is traditionally performed,
in which the bile ducts at the resection margin are separately anastomosed to the jejunum. However, this approach
is associated with long operative time and high risk of postoperative complications. The present study presents a
modified technique of hepatojejunostomy and its outcomes.

Methods The data of patients who underwent hepatojejunostomy using the modified technique at the Department
of Hepatobiliary Surgery, Daping Hospital, Army Medical University, Chongging, China, from January 2016 to
December 2021, were retrospectively analyzed.

Results A total of 13 patients with perihilar tumors underwent RO resection and bilioenteric reconstruction using the
modified hepatojejunostomy technique during the study period. During the operation, the alignment of the bile duct
stumps was improved, the posterior wall of the anastomosis was reinforced, internal stents were placed in the smaller
bile ducts, external stents were placed in the larger bile ducts, and hepatojejunostomy was performed using 4—0
prolene. No serious postoperative complications, such as death or bile leakage, occurred during the hospitalization.
Furthermore, there were no cases of biliary stricture or cholangitis after the six-month follow-up period.

Conclusion The modified hepatojejunostomy technique is a safe and effective technique of biliary reconstruction

after the resection of perihilar tumors. This can be easily performed for difficult cases with multiple bile ducts that
require reconstruction after resection.

Keywords Perihilar cholangiocarcinoma, Biliary tract reconstruction, Hepatojejunostomy, Perihilar tumors,
Postoperative complications
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Introduction

Bilioenteric reconstruction is one of the key steps of sur-
gery for perihilar tumors and benign perihilar diseases.
The extent of the intrahepatic bile duct involvement has
been an important role when deciding on the implemen-
tation of radical surgery for perihilar cholangiocarcinoma
(pCCA) [1]. A number of studies have defined bilateral
tumor invasion into the secondary or tertiary intrahe-
patic biliary radicles as an unresectable disease [2—4].

With the advancement of surgical techniques, the local
recurrence of pCCAs has significantly decreased, and
the overall survival has considerably improved. How-
ever, due to extended hepatic resections for complex
pCCAs, a number of secondary or tertiary biliary radi-
cles require reconstruction. Traditional cholangiojeju-
nostomy is associated a high incidence of postoperative
complications, especially anastomotic leaks and stenosis,
in pCCAs [5, 6]. Cholangiojejunostomy is traditionally
performed by end-to-side anastomosis one by one, or
anastomosis of the main branch, accompanied by liga-
tion of the smaller branches. To overcome the drawbacks
of traditional cholangiojejunostomy, various modified
techniques have been developed in the past decades.
Several types of biliary reconstruction techniques have
been reported, such as basin-like Roux-en-Y cholangioje-
junostomy [7], multiple Roux-en-Y hepaticojejunostomy
[8], cluster hepaticojejunostomy [9, 10]. Kasai portoen-
terostomy, which was proposed for the treatment of con-
genital biliary atresia, was also applied in pCCA surgery
[11-13]. And a number of scholars have also made some
improvements based on the Kasai operation [14, 15].

To reduce the difficulty of the operation and incidence
of postoperative anastomotic complications, the bilioen-
teric anastomosis technique was modified after taking
into consideration the advantages and disadvantages of
various types of reported hepatojejunostomy, and this
was applied after the resection of pCCAs and other types
of tumors affecting the perihilar region.

Materials and methods

Patients

The data of patients who underwent the modified hepa-
tojejunostomy at the Department of Hepatobiliary
Surgery, Daping Hospital, Army Medical University,
Chongqing, China, from January 2016 to December
2021, were retrospectively analyzed. The indications of
the modified hepatojejunostomy were as following: (1)
resection of tumors located at or near the hepatic hilum;
(2) the number of bile duct stumps 23 and/or the diam-
eter of the ducts =3 mm; (3) the bile duct stumps cannot
be reconstructed into one duct. Patients who were <18
years old, had incomplete data, or were lost to follow up
were excluded. A written informed consent was obtained
from each patient before the surgery. The present study
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was approved by the Ethics Committee of Daping Hospi-
tal (IRB number: 292).

Surgical procedure

A reverse “L’-shaped incision was made on the right
upper quadrant, and the abdominal cavity was examined
to search for any distant metastasis, and determine the
possibility of resection. Then, radical tumor resection
and lymph node dissection were routinely performed.
Afterwards, the left and right branches of the portal vein
and hepatic artery were skeletalized, and the invaded ves-
sels were resected and reconstructed, depending on the
extent of the tumor infiltration. The extent of liver resec-
tion was determined according to the tumor distribution,
liver status, and general condition of the patient. Intra-
operative frozen section of the proximal bile duct margin
was performed to confirm the RO resection. Hepatojeju-
nostomy was performed according to the following steps,
after confirming the hemostasis:

1. The biliary stumps were clearly identified and
exposed. If conditions permitted, the posterior wall
of the biliary stumps located at the lower side of the
section was aligned in a line as much as possible
(Fig. 1A). According to the diameter of the bile ducts,
suitable silicone or latex tubes were used as stents,
and these were fixed to the wall of the bile ducts
using absorbable sutures (Figs. 1B and 2).

2. In order to eliminate the gap between the branches
of the portal vein and the cut surface of the liver, the
walls of the branches of the portal vein were sutured
to the adjacent liver tissue before anastomosis
(Fig. 1C).

3. The Roux-en-Y jejunal loop was constructed and
lifted to the porta hepatis through the mesocolon. An
incision of appropriate size that corresponded to the
total area occupied by all bile duct stumps was made
on the Roux-en-Y jejunal limb for the anastomosis.

4. The full thickness of the posterior wall of the jejunum
was sutured to the posterior wall of the lower bile
ducts, the adjacent connective tissue, the adjacent
liver tissue, and the wall of the portal vein using 4 -0
prolene (Fig. 1D).

5. The full thickness of the anterior wall of the jejunum
was continuously sutured to the anterior wall of the
upper bile ducts and the adjacent liver tissue using
4.-0 prolene (Fig. 1E).

6. Silicon or latex tubes were used as the external
biliary stents according to its diameter. The small and
thin bile ducts were supported by thin silicone tubes
with a length of 8-10 cm, and the extrahepatic part
of the stents was placed in the jejunum cavity. For
larger and thicker bile ducts, a silicone or latex tube
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Fig. 2 Intraoperative images show the multiple biliary stumps after resection (A), and the bilioenteric anastomosis (B). The right hepatic artery, invaded
by tumor, was ligated but the right lobe was preserved in this case. In order to ensure the blood supply of the right lobe, the ligaments of the right side

was placed in the bile duct. Then, a side hole was
opened in the extrahepatic part of the stent tube, and
was placed in the thicker or main bile duct. Then,

the distal end of the stent was drawn out, at 10 cm
from the anastomosis, and fixed to the intestinal wall
(Figs. 1E and 2B).

All bile duct stumps were not sutured together. If the bile
duct stump was thin or of poor quality, this was left alone
within the wide hepatojejunostomy, and was not forc-
ibly sutured to the jejunum. After the anastomosis, the
abdominal cavity was washed, and the anastomosis was
checked for bleeding and bile leakage. Drainage tubes
were placed below and above the anastomosis, when
necessary.

Postoperative care
All patients were postoperatively treated with prophy-
lactic antibiotics, hepatoprotection drugs, and support-
ive care, to maintain water and electrolyte balance. At
one day after the operation, the nasogastric tube was
removed, and the patient was allowed to drink water.
After the recovery of intestinal peristalsis, the patient was
started on liquid diet. The abdominal drain was removed
early when there was no or minimal drainage output. If
complications occurred, treatment was given based on
the type of complication.

Discharge criteria: sufficient dietary intake to meet
physiological needs, no special medical treatment was
needed, and all postoperative complications were treated.
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Table 1 Patient demographics and characteristics
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Table 2 Patient demographics and characteristics

Variables No./Median Variables No./Median
value value
Gender Male 4 Operation time (minutes) 318.7+£540
Female 9 Intraoperative blood loss (ml) 4423+288.1
Age (years) 61.9+103 Vascular invasion
Preoperative concurrent diseases Portal vein abutment 6
Hypertension 3 Hepatic artery abutment 5
Diabetes 2 Portal vein invasion 1
Cardiovascular and pulmonary 1 Hepatic artery invasion 1
disease Type of hepatectomy
Cirrhosis 1 I+IVb 2
Gout 1 [+IVo+V 3
Clinical diagnosis [+IV+V 1
Hilar cholangiocarcinoma 9 [+l +1V 2
Intrahepatic 3 [+ -V 1
cholangiocarcinoma Perihilar resection 4
Gallbladder carcinoma ! Number of bile duct stumps at the hilum after resection
Physical signs 3 5
Jaundice 11 4 3
Abdominal pain 8 5 6
Bismuth-Corlette (only for hilar cholangiocarcinoma) 6 1
I 2 3 1
llla 2 Postoperative complications
b ! Post-operative bile leakage 0
v 4 Postoperative anastomotic 0
Previous history of surgery 2 stenosis
Preoperative blood test Ascites 1
CAT19-9 (U/L) 3340+455.0 Abdominal infection 1
CEA (ng/L) 40.0£286.2 Intra-abdominal collections 3
ALB (g/L) 342+42
Total bilirubin (umol/L) 251921738 surgery. All patients underwent RO resection. The mean
PT(s) 122422 X . . .
Preoperative biliary drainage operation time was 318.7£54.0 min, and the mean esti-
5TCD 5 mated blood loss was 442.3+288.1 ml. Tumor abutment
None . to the hepatic artery or portal vein was present in seven

Follow up after discharge

The diagnosis of biliary leak was based on the clini-
cal symptoms, the content and color of drain fluid. The
external biliary tube was removed at 4—6 weeks after sur-
gery. Abdominal computed tomography (CT) or mag-
netic resonance imaging (MRI) was conducted every
three months for first six months after the operation,
and thereafter every six months to look for anastomotic
strictures.

Results

A total of 13 patients were included for the present study.
The diagnoses were, as follows: pCCA (n=9), intrahe-
patic cholangiocarcinoma (n=3), and gallbladder cancer
(n=1). The patient details are presented in Table 1. Eleven
patients had jaundice before surgery, and two of these
patients were treated with percutaneous transhepatic
catheter drainage (PTCD) to relieve the jaundice before

patients, and the tumor could be completely removed
without damaging the major vessels for all these patients.
Segmental right hepatic artery invasion was detected in
one patient. This patient underwent right hepatic artery
resection and reconstruction. Furthermore, main portal
vein invasion was detected in one patient. This patient
underwent portal vein resection and reconstruction. No
serious intraoperative events occurred. Three patients
developed intra-abdominal collections. One of these
patients had associated intraperitoneal infection, and
all patients were successfully managed by ultrasound-
assisted puncture and drainage. One patient suffered
from postoperative ascites and bleeding, and recovered
after conservative treatment. No perioperative death
occurred, and none of the patients developed bile leak-
age or anastomotic stenosis. The details of the surgery are
presented in Table 2.

The patients were followed up every 3 months after
surgery when conditions permitted. We also observed
the postoperative tumor recurrence. The time and
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number of recurrences were as follows: 6 months post-
operatively (n=2, 15.4%), 9 months postoperatively (n=1,
7.7%), 12 months postoperatively (n=1, 7.7%), 18 months
postoperatively (n=1, 7.7%), and no recurrence (n=2,
15.4%). One of two recurrence-free patients had survived
for more than 3 years and another for more than 5 years.
Unfortunately, most of the patients were lost to follow-up
after the discovery of tumor recurrence or 6 months after
surgery, so complete survival data were not available.

Discussion

The current study presented a modified technique of
hepatojejunostomy for patients with perihilar tumors,
which could reduce the incidence of postoperative anas-
tomotic leak and stenosis. The first important step was to
close the gap between the left and right branches of the
portal vein, and the cut surface of the liver to enhance the
integrity and firmness of the posterior wall of the anas-
tomosis. Then, the posterior wall of the jejunum was
sutured to the wall of the adjoining portal vein branches,
the connective tissue, and the liver tissue below the lower
edge of the bile duct to strengthen the anastomosis, since
the wall of smaller bile ducts is often weak. Previous
studies have also reported the use of the portal vein wall
and connective tissue below the bile duct as a part of the
posterior wall of the anastomosis, but the gap between
the portal vein branches and liver section was not closed
before anastomosis [10, 11, 13, 15, 16]. Subsequently, the
biliary stumps, which were close to each other, especially
the bile ducts used for the posterior wall of the anasto-
mosis, were sutured together using absorbable sutures.
With this step, the posterior wall of the bile ducts was
aligned in a straight line as much as possible, and the dif-
ficulty in performing the anastomosis was reduced.

Most surgeons place silicone stent tubes in bile ducts,
while some surgeons do not use any biliary stent [1, 16,
17]. Some surgeons place the distal end of the stents
completely into the intestinal lumen, but others drain
the bile out of the body. The disadvantage of an external
drainage is that this causes bile loss, which in turn, can
cause water and electrolyte imbalance, and the drain-
age tubes fixed to the abdominal wall are cumbersome
to manage for patients. Internal drainage overcomes the
disadvantages of external drainage, but the biliary drain-
age across the anastomosis cannot be confirmed in the
postoperative period. In the present study, silicon or latex
tubes were used for combined internal and the external
biliary drainage as described in the Methods section. In
this manner, the bile secretion can be observed after the
operation, and the accumulation of fluid in the intestinal
lumen near the anastomosis can be reduced. These would
be helpful for the healing of the anastomosis, and reduc-
ing the bile loss, when compared to that of total external
drainage.
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In the present study, 4—0 prolene was used for the
anastomosis, and the biliary stents were fixed to the jeju-
nal wall using 4—0 vicryl. Vicryl sutures, which becomes
completely absorbed within 60-90 days, can decrease the
incidence of early postoperative bile duct strictures and
stone formation [18, 19]. However, vicryl sutures are not
smooth enough to slide through tissue, and are not pre-
ferred for continuous sutures, especially when the sur-
gical field is difficult to expose. Prolene is very smooth
and can easily pass through tissues helps to minimize the
difficulty of the operation [20, 21]. Regrettably, prolene
is not absorbable, and this may increase the risk of anas-
tomotic stones [18]. Alternatively, polydioxanone (PDS)
can be used for hepatojejunostomy in clinical practice
[16, 17, 22]. The advantages and disadvantages of both
absorbable and non-absorbable sutures were both taken
into account in the present study.

The incidence of postoperative complications is an
important factor in evaluating the success of a surgi-
cal technique. No serious complications, especially bile
leakage and anastomotic stenosis, occurred in the study
patients. Traditional cholangiojejunostomy is not only
complicated to perform, but also time-consuming, and
prone to biliary leakage, anastomotic stenosis, biliary fis-
tula and reflux cholangitis after the operation [20]. Fur-
thermore, the in-hospital mortality rates for conventional
methods for pCCA is higher, when compared to other
diseases that require liver resection [23].

Anastomotic leakage is caused by infection, isch-
emia, edema, faulty anastomotic techniques, and anas-
tomotic tension [24-26]. In some conventional surgery
for pCCAs, multiple thin biliary ducts (<1-2 mm) are
ligated, since the number of end-to-side cholangioen-
terostomy is technically restricted. The ligated bile ducts
can dilate in the long term, and compress the portal vein
within the Glissonian sheath, leading to portal hyperten-
sion and persistent cholestasis, and increasing the risk of
cholangitis, bile leakage and septic events after the opera-
tion [1].

Anastomotic strictures are prone to occur when the
anastomosis is very small, there is tension at the anas-
tomotic site, and ischemia occurs due to aggressive dis-
section, fibrosis, and/or adhesions [25]. One of the ways
to prevent strictures is to perform portoenterostomy for
patients with complex perihilar bile duct strictures [11].
Some surgeons also perform portoenterostomy as a res-
cue procedure after major biliary complications following
traditional cholangioenterostomy [27]. Kasai portoenter-
ostomy can be used for patients with pCCA, since this
is associated with a low incidence of postoperative bile
duct stenosis. No anastomotic stenosis was detected in
the present study up to six months of follow up after the
operation.
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The modified hepatojejunostomy also provides an
opportunity for resection in pCCA patients with high
preoperative jaundice. For example, in some patients
with HCCA type IIla and IIIb, right hepatectomy/ tri-
sectionectomy or left hepatectomy may not be possible
due to various reasons such as high preoperative biliru-
bin or poor compliance and can’t wait for biliary drainage
before surgery. In such cases, local excision can be per-
formed with reconstruction using modified technique.
Hence, except for two patients, none of the patients in
this study underwent preoperative biliary drainage in this
study.

The present study had some limitations. First, the
present study was a single-center retrospective study
with a small sample size. This is because only selected
patients with various special conditions were included
in this study. Second, there was a lack of long-term
follow-up data due to various reasons, and the impact
of the described technique on overall survival was not
determined.

Conclusion

In conclusion, the investigators recommend the modified
hepatojejunostomy technique as a safe and effective tech-
nique for bilioenteric reconstruction after the resection
of tumors affecting the perihilar region, with the pres-
ence of multiple bile duct stumps for reconstruction. The
recommended technique is easy to learn and simpler to
perform for difficult cases. Future long-term multi-center
studies are required to validate the findings of the present
study.
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