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Abstract

BACKGROUND

Hilar cholangiocarcinoma (HC) is a good adaptation certificate of hepatic
arterectomy, and hepatic arterectomy is conductive to the radical resection of
cholangiocarcinoma, which simplifies the operation and helps with a combined
resection of the peripheral portal tissue. With continuous development of surgical
techniques, especially microsurgical technique, vascular invasion is no longer a
contraindication to surgery in the past 10 years. However, hepatic artery
reconstruction after hepatic arterectomy has been performed to treat liver tumor
in many centers with better results, but it is rarely applied in advanced HC.

AIM
To determine the prognosis of patients with advanced HC after hepatic artery
resection and reconstruction.

METHODS

A total of 98 patients with HC who underwent radical operation in our hospital
were selected for this retrospective analysis. According to whether the patients
underwent hepatic artery resection and reconstruction or not, they were divided
into reconstruction (n = 40) and control (n = 58) groups. The traumatic indices,
surgical resection margin, liver function tests before and after the operation, and
surgical complications were compared between the two groups.

RESULTS

Operation time, blood loss, hospital stay, and gastrointestinal function recovery
time were higher in the reconstruction group than in the control group (P < 0.05);
The RO resection rates were 90.00% and 72.41% in the reconstruction and control
groups, respectively (P < 0.05). Serum alanine aminotransferase was lower in the
reconstruction group on day one and three postoperatively, whereas serum
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aspartate aminotransferase was lower on the third day (P < 0.05). Preoperatively, the Karnofsky
performance status scores were similar between the groups (P > 0.05), but was higher in the
reconstruction group (P < 0.05) two weeks postoperatively. There was no difference in the
complication rate between the two groups (27.50% vs 32.67%, P > 0.05). Two-year survival rate
(42.50% vs 39.66%) and two-year survival time (22.0 mo vs 23.0 mo) were similar between the
groups (P > 0.05).

CONCLUSION

Radical surgery combined with reconstruction after hepatic artery resection improves R0 resection
rate and reduces postoperative liver injury in advanced HC. However, the operation is difficult
and the effect on survival time is not clear.

Key Words: Advanced stage; Hilar cholangiocarcinoma; Hepatic artery resection; Reconstruction; Radical
surgery

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Through retrospective analysis of 98 patients with hilar cholangiocarcinoma, we confirmed that
radical surgery combined with reconstruction after hepatic artery resection can increase the R0 resection
rate of advanced hilar cholangiocarcinoma and reduce postoperative liver injury. However, this operation
is more difficult, and the impact on survival time is still unclear, and further follow-up studies are still
needed.

Citation: Li YM, Bie ZX, Guo RQ, Li B, Wang CE, Yan F. Effect of hepatic artery resection and reconstruction on
the prognosis of patients with advanced hilar cholangiocarcinoma. World J Gastrointest Oncol 2022; 14(4): 887-
896

URL: https://www.wjgnet.com/1948-5204/full/v14/i4/887.htm
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INTRODUCTION

Hilar cholangiocarcinoma (HC) is the most common type of cholangiocarcinoma, arising from the
epithelium of the bile duct mucosa above the cystic duct opening[1-4]. Operation is the only measure to
improve prognosis[5]. However, the procedure can be extremely challenging due to the anatomic parts
involved and important adjacent structures[6,7]. Invasion of the hepatic artery corresponds to advanced
disease, limiting radical resection and increasing the incidence of postoperative complications, such as
abdominal bleeding, infection, and liver failure[8]. In some cases, compromise of the hepatic artery may
not be due to true invasion, but due to compression of the artery by the enlarging tumor. Combined
vascular resection in advanced HC is proposed by many authors, with notable rates of successful
surgical outcomes[9]. How to effectively reduce the incidence of postoperative complications and
improve radical cure has become a topic of intense clinical interest. Currently, there is a paucity of
research about the impact of hepatic artery resection and reconstruction for advanced HC. If the hepatic
artery is invaded, radical excision cannot be performed, and only palliative surgery is offered with the
goal of symptom relief and definitive treatment[10,11]. Resection and reconstruction of the affected
hepatic artery and portal vein can be combined with resection of the affected lateral liver, to improve
surgical outcomes. Our study aimed to determine the effect of hepatic artery resection and
reconstruction in patients with advanced HC, and to provide some clinical guidance.

MATERIALS AND METHODS
Data

A total of 98 patients with HC who underwent radical operation in our hospital from February 2015 to
June 2018 were selected for this retrospective analysis. According to whether the patients underwent
hepatic artery resection and reconstruction or not, they were divided into reconstruction (n = 40) and
control (n = 58) groups. Inclusion criteria were as follows: (1) Age: 19-75 years; (2) American Society of
Anesthesiologists Classification grade I-III; (3) HC diagnosed through abdominal computed
tomography, magnetic resonance imaging, or endoscopic retrograde cholangiopancreatography; (4)
Bismuth-Corlette type I-IV; (5) Follow up data for at least two years; and (6) Study plan that does not
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violate the requirements of relevant medical ethics. Exclusion criteria include: (1) Presence of concurrent
extrahepatic malignancy; (2) Previous history of hepatobiliary surgery due to other reasons; (3) Serious
comorbidities (cerebrovascular accident, acute myocardial infarction, efc.); and (4) Lack of data. The two
groups were comparable in their baseline characteristics as shown in Table 1.

Surgical method

The control group underwent routine radical surgery. After general anesthesia, a reverse "L"-shaped
incision was made below the right costal margin to explore the tumor, then the hepatic artery and portal
vein under the duodenal ligament were separated. The common bile duct was cut open, and the
gallbladder was dissociated and pulled upward together with the common bile duct. Nerves and lymph
nodes were removed from top down to expose and skeletonize the hepatic artery and portal vein. The
location and state of the tumor were evaluated, and invasion of the confluence of the hepatic and bile
ducts was carefully determined. Liver lobectomy was performed, the contralateral bile duct was cut
open at 0.5 cm of the tumor margin, and the hepatic artery and portal vein on the affected side were
resected together with the lesion. Prophylactic antibiotics and hydration were administered as per
postoperative protocol.

The reconstruction group underwent combined hepatectomy and hepatic artery reconstruction under
general anesthesia. A reverse "L"-shaped incision was made below the right costal margin to explore the
tumor, then the hepatic artery and portal vein under the duodenal ligament were separated. Sixteen
groups of lymph nodes were examined after the abdominal resection, in order to determine whether
there was metastasis to the peritoneum and liver. The bile duct was cut off behind the duodenum, the
tumor was dissociated toward the head direction, and the lymph nodes and connective tissue of the
hepatic duodenal ligament were completely removed. If the bile duct margin was negative, the
dissected portal vein was resected and ligated. The liver was then cut through by a phacoemulsification
suction knife. The opposite lateral bile duct was resected and biliary drainage tubes were inserted and
fixed. The tumor and affected artery were resected together, and 70 Prolene sutures were used to
reconstruct the hepatic artery through interrupted anastomosis. The reconstruction method was based
on arterial invasion length, and included reconstruction using a great saphenous vein graft and in situ
reconstruction after resection of the involved artery. If there was no evidence of bleeding within 24 h,
4000 IU of low-molecular-weight heparin sodium was administered subcutaneously once daily for 3-5
d. Antiplatelet therapy with clopidogrel was initiated after initiation of oral intake.

Monitoring parameters

The operation time, operation blood loss, length of hospital stay, postoperative gastrointestinal function
recovery time, RO resection rate, serum alanine aminotransferase (ALT), aspartate aminotransferase
(AST), total bilirubin (TBIL), Karnofsky performance status (KPS) score, surgical complications, two-
year survival rate and survival time between the two groups were statistically analyzed.

Morning fasting venous blood samples (3 mL) were collected from all the participants and
centrifuged at 3000 r/min at room temperature for 5 min to separate the serum. Hitachi 7170 automatic
biochemical analyzer was used to measure the serum ALT, AST, and TBIL levels. Alanine aminotrans-
ferase was > 40 U/L, AST > 35 U/L, and TBIL > 22 pmol/L, which were considered abnormal[12,13].

The incidence of postoperative complications (including biliary fistula, liver failure, incision infection,
urinary tract infection, pulmonary infection, etc.) was recorded in both groups.

Statistical analysis

Statistical analysis was carried out using SPSS 21.0. Measurement of data, such as operation time,
operation blood loss, and length of hospital stay in the two groups were expressed as mean * SD; ¢t test
was used for comparison between the two groups; y* test was used to compare categorical variables
between the groups. The Kaplan-Meier method was used for survival analysis. P < 0.05 was considered
statistically significant.

RESULTS

Comparison of surgical trauma indices between the two groups
The operation time, operation blood loss, length of hospital stay, and postoperative gastrointestinal

function recovery time in the reconstruction group were higher than those of the control group (P <
0.05, Table 2).

Comparison of operational resection margin between the two groups
The RO resection was achieved in 90.00% of the reconstruction group and 72.41% of the control group,
with a statistically significant difference (P < 0.05, Table 3).
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Table 1 Comparison of baseline data between the two groups, n (%)

Normal information Reconstruction group (n = 40) Regular group (n = 58) tly? value P value
Age (yr) 58.6+£7.0 59.0+6.6 -0.2877 0.77422
Body mass index (kg/m?) 226+19 228+23 -0.4533 0.65132
Sex 1.319 0.251
Male 28 (70) 34 (58.62)

Female 12 (30) 24 (41.38)

Surgical approach 1.227 0.746
Cholangiocarcinoma resection 11 (27.5) 22 (37.93)

Left liver + Caudate lobe 13 (32.5) 15 (25.86)

Right liver + Caudate lobe 12 (30) 16 (27.59)

Other types 4 (10) 5 (8.62)

Bismuth-Corlette type 1.179 0.758

I type 14 (35) 25 (43.1)

I type 16 (40) 21 (36.21)

Il type 8 (20) 8 (13.79)

IV type 2(5) 4(6.9)

Regional lymph node metastasis 0.764 0.382
Yes 18 (45) 21 (36.21)

No 22 (55) 37 (63.79)

Adjuvant chemotherapy 1.696 0.193
Yes 35 (87.5) 55 (94.83)

No 5 (12.5) 3(5.17)

Table 2 Comparison of surgical trauma indexes between the two groups (mean * SD)

Group n Operation time (min) Surgical bleeding (mL) Gastrointestinal function recovery time (h)  Hospital stay (d)
Reconstruction group 40 11.36 +1.03 906.8 +£155.3 73.6 £13.0 21.61+3.9
Regular group 58 9.71+0.81 720.3 £160.1 64.8£11.0 19.3£3.2

t value 8.863 5.737 3.612 3.210

P value 0.000 0.000 0.000 0.002

Table 3 Comparison of the effect of operational resection between the two groups, n (%)

Group n RO excision Non-R0 resection
Reconstruction group 40 36 (90.00) 4 (10.00)

Regular group 58 42 (72.41) 16 (27.59)

r 4,507

P value 0.034

Comparison of the KPS scores between the two groups before and after operation

Before the operation, there was no significant difference in the KPS scores between groups (P > 0.05).
Two weeks after the surgery, the KPS score of the reconstruction group was significantly higher than
that of the control group (P < 0.05), as shown in Table 4 and Figure 1.
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Table 4 Comparison of Karnofsky performance status scores between the two groups of patients before and after operation (mean *

SD, scores)

Group n Preoperative 2 wk after surgery 8 wk after surgery
Reconstruction group 40 751+4.2 66.9 5.0 76.7+4.8
Regular group 58 73735 64.0+57 754+5.0
ba 1.793 2.600 1.286
P value 0.076 0.011 0.202
—@— Reconstruction group —l— Regular group

90

80
[%2]
()
9]
b
[%]
< 70 1

60

50 T T T

N 3 )
e(’&“\ 0(‘)6 \)(Qe
=\ & ° &°
<t \(33‘ \(;a'(&
N %

DOI: 10.4251/wjgo.v14.i4.887 Copyright ©The Author(s) 2022.

Figure 1 Line chart of changes in Karnofsky performance status scores before and after surgery in the two groups. The mean + SD are
depicted for each time point. KPS: Karnofsky performance status.

Comparison of liver function indices between the two groups

The liver function indices of the two groups were compared before and after the operation. The results
showed that the serum ALT on day one and three postoperatively, was lower in the reconstruction
group than in the control group. The same was true for the serum AST three days postoperatively. The
differences were statistically significant (P < 0.05), as shown in Table 5.

Complication rate in the two groups
There was no significant difference in the rate of surgical complications between the reconstruction
(27.50%) and control (32.67%) groups (P > 0.05, Table 6).

Survival analysis
There was no significant difference between the two-year survival rate of 42.50% in the reconstruction
group and 39.66% in the control group (P > 0.05), as shown in Table 7.

There was no significant difference in the two-year survival time between the reconstruction group
(22.0 mo) and the control group (23.0 mo) (P > 0.05), as shown in Figure 2.

DISCUSSION

According to our study, the RO resection rate in the reconstruction group was higher than in the control
group. Hilar cholangiocarcinoma has a higher vascular invasion rate, especially involving the hepatic
artery. However, reconstruction after hepatic artery resection can improve the operational resection rate
and achieve RO resection. The combination of portal vein resection and remodeling does not increase the
incidence of postoperative complications in HC. The compromise of hepatic artery patency due to
tumor invasion, leads to progressive and chronic arterial hypoperfusion of the liver, causing a shift from
the normal dual portal vein- and hepatic artery-dependent blood and oxygen supply to single portal
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Table 5 Comparison of liver function indexes between two groups of patients (mean * SD)

Index Preoperative 1 d after operation 3 d after operation
ALT (U/L)

Reconstruction group 789+19.6 451.2+88.1 357.1+£93.0
Regular group 83.0+20.1 489.8+94.7 401.2+85.0
t value -1.003 -2.040 -2.429

P value 0.319 0.044 0.017

AST (U/L)

Reconstruction group 83.5+£28.0 438.1+93.0 395.8 £81.7
Regular group 80.0 £24.6 470.7 £87.2 4415+96.1
t value 0.654 -1.770 -2.456

P value 0.515 0.080 0.016

TBIL (pmol/L)

Reconstruction group 1443 £35.1 1222 £28.0 441+13.0
Regular group 138.5+£37.3 118.0 £26.9 40.0+125
t value 0.775 0.747 1.570

P value 0.440 0.457 0.120

ALT: alanine aminotransferase; AST: aspartate aminotransferase; TBIL: total bilirubin.

Table 6 Observation of complication rate

Group n Biliary fistula Liver failure Incision infection Urinary tract infection Lung infection Complication rate, n (%)
Reconstruction group 40 1 1 2 4 3 11 (27.50)

Regular group 58 3 2 3 5 6 19 (32.76)

ba 0.308

P value 0.579

Table 7 Two-year survival rate observation, n (%)

Group n Survive Death
Reconstruction group 40 17 (42.50) 23 (57.50)
Regular group 58 23 (39.66) 35 (60.34)
ba 0.079

P value 0.778

vein-dependent supply. After the hepatic artery reconstruction, hepatic arterial blood supply can be
fully restored; thus, preventing complications and possibly improving prognosis. Therefore, RO
resection of the tumor is key to a successful negative operational margin.

At present, the hilar vascular structure is relatively complicated, and the biological characteristic of
HC is invasive growth. There are still controversies within the academic circles about radical operation
of HC combined with hepatic artery resection and reconstruction. By the time HC patients are
diagnosed, the liver tissues around the vascular and bile ducts are often invaded. Radical tumor
resection is a common method for the treatment of HC. However, the invasion of the hilar blood vessels
is a contraindication to surgical resection, making the rate of radical HC resection lower. In recent years,
as the vascular anastomosis technology has matured, hilar vascular resection and reconstruction has
been applied in the treatment of HC, which has expanded the surgical indications. In this type of
surgery, studies have found [11-13] that the degree of tumor differentiation, whether there is lymph
node metastasis, and whether there is peripheral nerve invasion are factors that affect the prognosis of

Buishidenge WJGO | https://www.wjgnet.com 892 April 15,2022 | Volume14 | Issue4 |



Li YM et al. Effect of hepatic artery resection and reconstruction

1.0

0.8 4

0.6

0.4 1

Cumulative survival function

0.2 1

0.0 1

_ .~ Reconstruction group
e Regular group
—}— Censored value

—— Censored value

T T T T T

10 15 20 25
Survival time (mo)
DOI: 10.4251/wjgo.v14.i4.887 Copyright ©The Author(s) 2022.

(9]

Figure 2 Kaplan-Meier survival curves for the two groups of patients.
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HC patients. In addition to the above factors, this study also gives supplementary discussion. Our
research results showed that the perioperative indicators of the reconstruction group are better than
those of the conventional group, and the recovery of gastrointestinal function after surgery is also better.
After the hepatic artery reconstruction, the blood and oxygen supply of the liver cells can be
significantly improved. At the same time, it can effectively ensure the normal blood supply of the
gastrointestinal tract, and play an important role in the recovery and regeneration of hepatocyte
function after surgery, and the prevention and treatment of abnormal gastrointestinal function. Hepatic
artery reconstruction is increasingly showing a trend of "precision". In this study, 70 prolene sutures
were used to reconstruct the hepatic artery with intermittent anastomosis. The reconstruction method
depends on the length of the patient's arterial invasion. Combined with perfect surgical management,
surgical safety is well guaranteed. Postoperative complications are mainly related to operation time and
surgical trauma. This study found that the reconstruction group’s plan was safe and feasible. Two
weeks after the operation, the KPS score in the reconstruction group was higher than in the control
group. A higher operational complication rate in the reconstruction group may be due to the advanced
stage of the portal cholangiocarcinoma, as indicated by the involvement of the hepatic artery, which
limits long-term efficacy of any treatment. The operational treatment of HC is very challenging,
especially in advanced cases of vascular invasion[17]. Removal of the portal vein and hepatic artery
requires higher surgical skill, relatively longer operation time, and increased blood loss. However, the
hepatic artery is a large diameter muscular artery, which provides a good substrate for anastomosis,
especially after the branches around the hepatic aorta have already been severed. Anatomic and
physiologic variants of the artery need to be taken under consideration prior to determining
anastomosis capability. In the right candidates, radical HC resection, combined with hepatic artery
resection and reconstruction, can restore the dual blood supply to the liver, as early as possible, can
reduce residual cancer tissue, improve resection and cure rate of advanced HC, as well as improve
patients’ self-care ability.

Alanine amino transferase and AST can be used to evaluate the extent of hepatocellular injury, with
the elevation of ALT being roughly parallel to the degree of cellular injury[18,19]. The vast majority of
TBIL in the human body comes from aging red blood cells, which are metabolized by the liver. The TBIL
is excreted by the bile ducts and enters the bile ducts at all levels, so it can be elevated upon hepatic or
biliary tract injury[10,20]. This study found that postoperatively, the levels of ALT and AST in the
reconstruction group were improved compared with those in the control group, and the liver damage in
the reconstruction group was less. When patients with hilar cholangiocarcinoma undergo combined
hepatic arterial resection, the blood supply of the liver will be affected because most patients with
advanced HC have severe jaundice, and the jaundice further affects the blood supply of the Liver’s
portal vein. The restoration of liver function is meaningful. The reasons for analyzing the results of this
study include liver damage caused by advanced HC patients is different from liver cirrhosis. After the
biliary obstruction is relieved, the liver function of advanced HC patients can gradually recover because
in the radical operation of HC, the hepatic hilum is used as the cleaning target. Most of the branch
connections between the arteries have also been severed. Free hepatoduodenal ligament can affect the
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hepatic artery collateral circulation in the hilar of the liver. After cutting off, the establishment of
collateral circulation becomes difficult, and the hepatic artery becomes ischemic. Prolonged severe liver
damage, postoperative liver function indicators (such as ALT and AST) increase, and hepatic artery
blood supply are of great significance to the recovery of liver function in patients after radical surgery.
The hepatic artery reconstruction implemented in the reconstruction group can increase the blood and
oxygen supply of the hepatocytes, while ensuring the blood supply of the bile duct, which has less
impact on liver function. Additionally, the reconstruction group first completed arterial resection and
reconstruction, opened the blood flow of the hepatic artery, then blocked the portal vein, and completed
the portal vein resection and reconstruction to reduce liver ischemic damage.

The application of hepatic artery resection in HC is still controversial. Studies have reported that
unfavorable clinicopathological factors in patients with combined hepatic artery resection and
reconstruction lead to a higher five-year mortality rate in patients after surgery. Whether reconstruction
is necessary is also a dispute. Based on the results of this study, we believe that postoperative
reconstruction should be a routine. The following points should be addressed upon reconstruction after
hepatic artery resection: (1) The reserved hepatic blood vessels tend to adhere to the tumor. If the tumor
cannot be completely removed, vascular reconstruction is required; (2) After resection of the two ends of
the blood vessels, the reconstruction tension should be moderate; (3) Portal vein wedge resection and
reconstruction can be tried, or alternatively, plastic reconstruction using other vascular branches near
the hepatic artery can be attempted; and (4) If blood vessel invasion is detected, but the blood vessel
cannot be removed successfully during the operation, it is recommended that the blood vessel be
reserved. Because of our short follow up period, the long-term survival after radical operation combined
with reconstruction after the hepatic arterectomy was not determined; therefore, more extended follow
up is needed in future studies.

CONCLUSION

In conclusion, radical resection combined with hepatic artery reconstruction for advanced HC can lead
to improved RO resection rate and decrease liver injury, postoperatively. However, the procedure is
more difficult, and the effect on survival time remains unclear. Further studies with larger sample sizes
and prolonged observation times are needed.

ARTICLE HIGHLIGHTS

Research background

Hilar cholangiocarcinoma (HC) is a good indication for hepatic artery resection, and hepatic artery
resection is conducive to radical resection of cholangiocarcinoma. With the continuous development of
surgical techniques, especially microsurgery techniques, vascular invasion is no longer a contrain-
dication to surgery. Hepatic artery reconstruction after hepatic artery resection has been used in many
centers to treat liver tumors, but it is rarely used in advanced HC.

Research motivation
This study provided treatment strategies for patients with advanced HC.

Research objectives

This study aimed to determine the prognosis of patients with advanced HC after hepatic artery
resection and reconstruction.

Research methods
A total of 98 patients with HC who underwent radical operation in our hospital were selected for
retrospective analysis.

Research results

The operation time, blood loss, hospitalization time and gastrointestinal function recovery time of the
reconstruction group were higher than those of the control group. The RO resection rates of the
reconstruction group and the control group were 90.00% and 72.41%, respectively. In the reconstruction
group, serum alanine aminotransferase was lower on the 1*and 3 day after operation, and serum
aspartate aminotransferase was lower on the 3*day. Although the preoperative Karnovsky performance
status score was similar between the groups, it was higher in the reconstruction group 2 wk after the
operation. There was no difference in the incidence of complications between the two groups. The 2-
year survival rate and 2-year survival time were similar between the groups.
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Research conclusions

Radical surgery combined with reconstruction after hepatic artery resection improves R0 resection rate
and reduces postoperative liver injury in advanced HC. However, the operation is difficult and the
effect on survival time is not clear.

Research perspectives
Hepatic artery resection may be more widely used in advanced HC.
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