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 Case series
 Patients: —
 Final Diagnosis: Donor livers had replace right hepatic artery
 Symptoms: Liver had replaced right hepatic artery
 Clinical Procedure: —
 Specialty:	 Anatomy	•	Surgery

 Objective: Unusual clinical course
 Background: The presence of anatomical variations of the hepatic artery poses a challenge for normothermic machine per-

fusion (NMP). Here, we describe our experience of creating a single arterial cannulation for NMP in 3 donor liv-
ers with replaced right hepatic artery.

 Case Report: Three donor livers with replaced right hepatic artery were perfused using NMP (OrganOx® metra®) for liver 
transplantation. To maintain hepatic artery integrity and establish an intact arterial vascular inflow for NMP, 
a single vasculature was created to allow single arterial cannulation for NMP. A piece of intravenous-line tub-
ing was used as a bridge from the splenic artery to the superior mesenteric artery during the back-table prep-
aration. After 1 h of NMP, the lactate of 2 livers decreased from >10.0 to about 1.0 mmol/L, and the lactate of 
1 liver decreased from >4.0 to <0.4 mmol/L. Three livers made >100 mL of bile after 4 h of NMP and were suc-
cessfully implanted after >10 h of NMP. The recipients spent 2, 3, and 4 days in the Intensive Care Unit and 
were discharged home at 6, 7, and 9 days, respectively. None of the patients experienced early allograft dys-
function or any early technical complication or non-anastomotic biliary stricture.

 Conclusions: Creating an intravenous-line tubing bridge from the splenic artery to the superior mesenteric artery prior to 
NMP of liver grafts associated with replaced right hepatic artery could reduce the cold ischemia time associat-
ed with vessel reconstruction and reduce bleeding risk during NMP. This is feasible, safe, and effective.
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Background

Non-anastomotic biliary stricture (NABS) significantly reduces 
graft and patient survival after liver transplantation [1,2]. One 
of the most important risk factors for the development of NABS 
after liver transplantation is the longer ischemia time, which in-
cludes warm ischemia time (WIT) during donation after circulato-
ry death (DCD) recovery and cold ischemia time (CIT) after cross-
clamping [3-5]. Reduced WIT could decrease the risk of NABS [5]. 
The American Society of Transplant Surgeons recommended 
in 2009 that the DCD donor WIT should be <30 to 45 min and 
functional donor WIT (MAP <60 mm Hg) be a maximum of 20 
to 30 min to achieve better outcomes [6]. CIT of liver grafts can 
be successfully reduced by using normothermic machine perfu-
sion (NMP) [7]. However, the presence of anatomical variations 
of the hepatic artery pose challenges during back-table prepa-
ration for NMP because the graft requires ex vivo arterial recon-
struction [8]. Arterial reconstruction increases non-oxygenic CIT 
as a single arterial cannulation for NMP on the back-table is cre-
ated. In addition, it also increases the risk of bleeding from anas-
tomosis of arteries, as heparin is continuously administered dur-
ing NMP. Here, we describe our experience of creating a single 
arterial cannulation to keep an intact hepatic arterial vascular in-
flow for NMP in 3 donor livers with replaced right hepatic artery.

Case Report

In our center, a series of 11 fatty donor livers (8 DCD and 3 do-
nation after brain death [DBD] for liver transplantation) were 
perfused using NMP (OrganOx® metra®) for liver transplan-
tation. Three livers (2 DCD livers with 29.8 kg/m2 and 26.7 
kg/m2 body mass indexes had 24 min and 26 min of WIT, re-
spectively; 1 DBD with 45.6 kg/m2 body mass index) had an-
atomical variations of the hepatic artery. One liver had right 
replaced hepatic artery (RRHA), and 2 livers had RRHA and re-
placed left hepatic artery (RLHA). To maintain hepatic artery 
integrity and establish an intact arterial vascular inflow for 
NMP, a single vasculature was created to allow single arterial 
cannulation for NMP. Figure 1 shows a piece of intravenous-
line tubing that was used as a bridge from the splenic artery 
to the superior mesenteric artery (SMA) during the back-ta-
ble preparation. Figure 2 showcases the liver after creating 
the bridge from the splenic artery to the SMA during NMP. 
Figure 3 shows the intravenous-line tubing “bridge” from the 
splenic artery to the SMA and the arrow points are the direc-
tion of arterial flow. The arterial and portal flows for 3 livers 
were 0.4 to 0.6 L/min and 1.0 to 1.5 L/min during NMP. After 
1 h of NMP, the lactate of the 2 DCD livers decreased from 
>10.0 mmol/L to <1.0 mmol/L in 1 liver and from >10.0 mmol/L 

Figure 1.  Donor liver at the back-table preparation. (A) Liver with replaced right hepatic artery (RRHA); (B) Liver with RRHA and 
replaced left hepatic artery (RLHA). A piece of intravenous-tube as a bridge from splenic artery (splenic A) to superior 
mesenteric artery (SMA) creates a single arterial cannulation for normothermic machine perfusion.
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Figure 2.  Donor livers on the normothermic machine perfusion. (A) liver with replaced right hepatic artery (RRHA); (B) liver with RRHA 
and replaced left hepatic artery (RLHA). The bridge from the splenic artery (splenic A) to the superior mesenteric artery (SMA) 
creates a single arterial cannulation and maintains an intact hepatic arterial vascular inflow for the liver grafts.
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Figure 3.  Schematics of donor livers. (A) liver with replaced right hepatic artery (RRHA); (B) liver with RRHA and replaced left hepatic 
artery (RLHA). A piece of intravenous tube as a bridge from splenic artery (splenic A) to superior mesenteric artery (SMA) 
creates a single arterial cannulation for normothermic machine perfusion. Arrow points are the direction of arterial blood 
flow.
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to 1.3 mmol/L in another liver; the lactate of the DBD liver de-
creased from >4.0 mmol/L to <0.4 mmol/L. Three livers made 
>100 mL of bile after 4 h of NMP. These 3 livers were success-
fully implanted after >10 h of NMP. The recipients spent 2, 
3, and 4 days in the Intensive Care Unit (ICU) and were dis-
charged home in 6, 7, and 9 days, respectively. None of the 
patients experienced early allograft dysfunction or any early 
technical complication or NABS.

Discussion

Following The American Society of Transplant Surgeons rec-
ommendation in 2009 for DCD donors [6], 30 min of function-
al donor WIT is the cut-off time for acceptance for liver trans-
plantation. Accordingly, 24 min and 26 min of WIT in our 2 DCD 
livers should not have increased the risk of NABS.

NMP could successfully decrease the length of CIT, resulting in 
reduced complication of NABS, especially for medically com-
plex donor livers (eg, DCD and steatosis)[7]. However, ana-
tomical variations of the hepatic artery of donor livers pose a 
challenge for NMP. Ex vivo vascular reconstruction, required 
prior to NMP, results in a longer CIT. Anatomical variations of 
the hepatic artery can be seen in up to 30% of liver grafts, 
and the most common variation was the replaced right hepat-
ic artery (about 11-21%), which is the chief source of blood 
supply to the bile duct [9,10]. To keep an intact hepatic arteri-
al vascular inflow, creating a single vascular conduit is neces-
sary for NMP [11]. Several techniques have been reported by 
different centers for this mandatory reconstruction of all ves-
sels of abnormal hepatic arterial anatomy [3,8,11]. However, 
these techniques add non-oxygenated CIT to perform and re-
quire more specialized instruments during the back-table re-
construction in the donor operation room. Our technique can 
be performed in about 30 min, resulting in a shorter non-ox-
ygenated CIT during the back-table preparation. In addition, 
there is no bleeding risk from the bridge. More than 30% of 
arterial flow of total hepatic blood flow can be observed dur-
ing NMP. More than 100 mL of bile can be produced after 4 h 
of NMP. This means the biliary system has adequate flow us-
ing this described technique. The patients in this small case 
series had short ICU and hospital stays, and less complications 
were observed. These observations suggest this technique did 
not negatively impact short-term outcomes.

This technique allows the implanting surgeons and their team 
to perform anastomosis between the splenic artery and SMA 
(or RRHA) to maintain intact arterial vascular inflow after the 
transplant liver is re-perfused by portal flow during recipient 
surgery. Because this anastomosis is not performed under a 
non-oxygenated situation, it should not increase the risk of 
NABS. Most transplant centers that this procurement team 
works with prefer that the arterial anastomosis be performed 
by the recipient center’s team. This technique allows local re-
covery and perfusion of the liver, while maintaining the oppor-
tunity for anastomosis to be done by the liver accepting center.

This technique can also easily be adapted for other variations 
of hepatic arterial anatomy because there are 3 relatively large 
sizes of branches (ie, left gastric artery, splenic artery, and gas-
tro-duodenary artery) from the orifice of the celiac trunk to 
the proper hepatic artery. A bridge from one of these branch-
es to an aberrant hepatic artery will allow for a single vascu-
lature creating the required single arterial cannulation site re-
quired for NMP.

Conclusions

NMP reduces the CIT of liver grafts following recovery. Using 
intravenous-line tubing to make a bridge between the splen-
ic artery and SMA during the back-table preparation is simple 
and adequate to prepare for arterial cannulation of the liver 
grafts with RRHA prior to NMP. The technique could reduce 
the CIT and bleeding risk during NMP, and this case series sug-
gests it is feasible, safe, and effective.
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