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Introduction

Hepatic artery reconstruction is one of the critical steps in 
living donor liver transplantation (LDLT). 

The graft used in LDLT sometimes has two hepatic 
arteries, which can pose a dilemma on whether to 
reconstruct a single or both arteries. If communication 
between the two exist, anastomosis of either one is 
sufficient. Usually the arterial branch of larger diameter 

is reconstructed first. There have been two criteria for 
reconstructing the other hepatic artery. If back-bleeding 
from the other artery is poor, or the arterial flow signals 
are not detected in all the liver segments of the graft on 
intraoperative Doppler ultrasonography (DUS), the second 
artery should be reconstructed. However, the back-bleeding 
from the cut stump has no objective measurement on how 
good the backflow is, and so the decision to reconstruct 
it depends on the surgeon’s experience and judgment. 
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Furthermore, the back-bleeding can be masked by transient 
increased arterial resistance that may be attributed to various 
causes, such as hepatic arterial spasm, increased portal flow, 
tissue edema, increased cold ischemia time, and an older 
age in liver donors. And these factors can hinder the clear 
visualization of hepatic arteries by intraoperative DUS in all 
the segments of liver graft. 

An arterial-blood gas (ABG) test measures the amounts 
of arterial gases, such as oxygen and carbon dioxide, which 
we believe is the most obvious method to confirm that the 
back-bleeding is arterial flow or not. We herein report our 
experience in introducing ABG test to decide whether to 
reconstruct the second hepatic artery in LDLT using the 
right lobe with two hepatic arteries. 

Methods 

We analyzed the database of all donors and recipients 
undergoing LDLT using a right lobe graft with double 
arteries at National Cancer Center, Korea from 2012 to 
2017. This study protocol was reviewed and approved by 
the Institutional Review Board of National Cancer Center, 
Korea (IRB number: NCC2018-0115).

A single in-house surgeon (SH Kim) was a main operator 
for all the LDLT procedures including donor surgery and 
hepatic artery anastomosis. The technical details of donor 
surgery were specified previously (1,2). In the recipient, 
following total hepatectomy, implantation started with the 
right hepatic vein anastomosis. Any sizable (5 mm or larger 
in diameter) venous branch of the middle hepatic vein or 
inferior right hepatic vein of the graft was reconstructed. 
The right portal vein of the graft was anastomosed to 
either the right or main portal vein of the recipient. After 
reperfusion, hepatic artery anastomosis was performed 
with the use of an interrupted 8-0 nylon suture under a 
surgical microscope in 1 of 2 arteries. The back-bleeding 
blood from the cut end of the second hepatic artery was 
taken into a plastic syringe used for blood gas samples. 
The sealed syringe was taken to a blood gas analyzer. The 
sample was transported and kept at room temperature and 
analyzed within 10 min. If the result of ABG test was within 
reference range (pH 7.34–7.44; PaO2 >90 mmHg; PaCO2  
35–45 mmHg; HCO3

− 22–26 mEq/L), the other artery was 
ligated. Otherwise, the second hepatic artery was reconstructed. 
Then, bile duct was reconstructed with end-to-end duct-to-duct 
anastomosis. DUS was performed daily for 10 postoperative 
days, and liver dynamic computed tomography was checked 
every 3 months for one year after LDLT.

Results

During the study period, there were 21 living donors who 
had two right hepatic arteries. The median donor age was 
34 years (range, 20–57 years). There were 13 male and 8 
female donors. All the donors recovered uneventfully and 
none of them required reoperation. The donor median 
hospital stay was 7 days (range, 7–8 days). No donor had 
any complications with the median follow-up of 25 months 
(range, 6–70 months)

The median recipient age was 54 years (range,  
43–57 years). There were 15 male and 6 female recipients. 
The indications for LDLT were hepatocellular carcinoma 
(n=13), hepatitis B-related cirrhosis (n=4), and fulminant 
hepatic failure (n=4). The median recipients MELD score 
was 17 (range, 8–41). 

According to ABG test results, a single anastomosis was 
created in 15 recipients while double anastomoses were 
performed in the remaining 6 recipients. The median time 
for each arterial anastomosis was recorded as 15 minutes 
(range, 8–30 minutes).

All the patients had an uneventful recovery and were 
discharged in good conditions. Biochemical markers of 
hepatocyte injury (aspartate aminotransferase and alanine 
aminotransferase) returned to normal levels by 4 weeks 
post LDLT. Liver function (bilirubin and international 
normalized ratio) had recovered by 1 month after LDLT.

DUS and computed tomography for evaluating the liver 
parenchyma during the follow-up period showed good 
artery flow without any focal areas of infarction and/or 
abscess in all patients. Neither hepatic artery thrombosis 
nor liver dysfunction related to the arterial blood supply was 
observed during the median follow-up of 26 months (range, 
6–71 months). 

The overall incidence of biliary complications was 9.5% 
(2/21). Bile leakage arose in one patient with two hepatic artery 
reconstructions in the first month post-LDLT, and the patient 
subsequently developed biliary stricture in postoperative 
3-month. Biliary stricture occurred in another patient with 
one hepatic artery reconstruction 9 months after LDLT. All 
the biliary complications were diagnosed as anastomotic ones 
by cholangiography, which were successfully managed with 
endoscopic or percutaneous intervention. 

Discussion

The present study was performed to determine whether 
ABG test could be viewed as a reliable method for deciding 
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whether to reconstruct single or both arteries in LDLT. 
Ideally, with recent advancements in arterial anastomosis 
techniques, all hepatic arteries could be reconstructed. 
However, multiple arteries of partial liver grafts usually 
are of smaller caliber, which can lead to difficult and long 
anastomoses. Small caliber artery, long anastomosis time, 
and long total operation time were reported to be risk factors 
of hepatic artery thrombosis (3). So, single anastomosis 
would be greatly preferable to multiple anastomoses on the 
condition that arterial blood supply should be comparable. 

The liver grafts are known to have fine, intra-hepatic 
arterial networks (4). Therefore, an issue has arisen 
regarding reconstruction of only one of the two hepatic 
arteries that may maintain minimum arterial flow for the 
graft to survive. However, there have been no objective 
criteria on this problem, with conflicting results in the 
incidence of biliary strictures between single and double 
anastomoses when the graft has two hepatic arteries (5,6). 
Actually, in this study, there were no specific characteristics 
of the graft with regard to double anastomoses.

The overall incidence of biliary stricture reported in this 
study is lower than those reported in other studies, varying 
from 13% to 21% (7,8), although the small number of 
patients and the relatively short median follow-up period 
may adversely affect the validity of statistical comparison.

This is the first report to use ABG test for deciding 
whether to perform single or double arterial anastomoses 
in the presence of two hepatic arteries. Unlike the 
conventional method based on the pulsatile backflow and 
DUS for the other nondominant artery, ABG test gives 
objective data on the blood-gas tension values of the 
arterial partial pressure of oxygen, and the arterial partial 
pressure of carbon dioxide, and the blood’s pH, and shows 
obvious advantages such as simplicity, effectiveness, and 
high accuracy. So, we strongly believe that ABG test may 
be the most obvious way to confirm the presence of intra-
hepatic arterial communications. This method will be able 
to find its application not only in left lobe LDLT but also in 
deceased donor LT using the graft with multiple arteries. 

Conclusions

ABG test provides a simple objective measure for deciding 
whether to reconstruct a single or both arteries in LDLT. 
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