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Non-re-cooling implantation of marginal liver graft after machine 
perfusion: report of a case
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Abstract: Early allograft dysfunction (EAD), primary graft nonfunction (PNF) and biliary complications 
affect postoperative survival after liver transplantation (LT). Ischemia injury is one of the major factors 
affecting liver allograft functional recovery. Ischemia-free liver transplantation (IFLT) has obvious advantages 
for the recovery of allograft function and complication incidence compared with conventional procedures. 
However, its use is limited when the donor and the recipient are not in the same hospital and donors 
should be donor after brain death (DBD). We propose an approach to avoid double warm ischemic injury 
by implanting marginal donor liver directly by using normothermic machine perfusion (NMP) without re-
cooling. Here, we report the first case of non-re-cooling implantation for marginal donor in LT. Donor liver 
biopsies before procurement showed 50% macrovesicular steatosis, and the recipient was a 67-year-old man 
with decompensated cirrhosis secondary to a 21-year hepatitis B virus (HBV) infection. The donor liver was 
maintained by NMP without re-cooling before implantation. The highest levels of alanine transaminase 
(ALT) and aspartate transaminase (AST) after surgery were 235 and 1,076 U/L, respectively, on the first 
postoperative day (POD). The patient was discharged within 2 weeks and showed good recovery. Thus, it is 
feasible to use Non-re-cooling implantation for marginal donor in LT. 
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Introduction

Due to the development of surgical technology and 
organ cold preservation technology and the use of 
immunosuppressants, liver transplantation (LT) has become 
the only effective way to treat end-stage liver diseases (1).  
However, the donor liver will inevitably experience warm 
ischemia, cold preservation, a second warm ischemia 
and reperfusion injury in the process of procurement, 
transportation and implantation. Ischemia-reperfusion 
injury (IRI) is one of the major reasons for early allograft 

dysfunction (EAD), primary graft nonfunction (PNF) 
and biliary complications after liver transplantation (2,3). 
Cold preservation helps to reduce cellular physiological 
metabolism but fails to slow the destruction of cellular 
integrity (4). This may become more evident when using 
extended criteria donor livers.

For decades, efforts have been made to ameliorate IRI. 
The use of normothermic machine perfusion (NMP) 
technology (5) for organ preservation has progressed 
significantly and been proven to be effective in clinical  
trials (6). It can provide continuous oxygen and nutrient 
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supply during perfusion (7). The use of whole blood as 
a perfusate is a common clinical practice. In traditional 
processes, the liver is transported in cold preservation 
and placed in the NMP device for at least 4 hours after 
procurement. Before implantation, the liver graft is usually 
flushed with cold solution. However, this may cause 
double IRI of the organ due to the additional experience 
of going from cold to warm and then from warm to cold 
compared with organs that are subjected to the regular 
cold preservation technique (8). Although there is an 
obvious advantage of NMP for cold preservation for 
organ renovation, the second experience of warm ischemia 
when using the NMP technique would be avoided by this 
technique. IFLT was designed to completely avoid ischemia 
injury during transplantation (9). The results of the first case 
of IFLT showed that this technique had obvious advantages 
for the recovery of allograft function and the reduction of 
complication incidence compared with the conventional 
procedure. Limitations of IFLT is that when the donor and 
the recipient are not in the same hospital. Here, we report 
the first case of the use of the NMP technique without 
double IRI injury of a marginal donor liver. We present the 
following article in accordance with the CARE reporting 
checklist (available at http://dx.doi.org/10.21037/atm-20-
2774).

Case presentation

The recipient patient was a 67-year-old man with a blood 
type of B+ and decompensated cirrhosis secondary to a 
21-year hepatitis B virus (HBV) infection, and his body 
mass index (BMI) was 19.9 kg/m2. Preoperative computed 

tomography angiography (CTA) examination showed 
cirrhosis, moderate ascites, splenomegaly, esophageal and 
gastric varices. The aspartate transaminase (AST), alanine 
transaminase (ALT) and total bilirubin (Tbil) levels were  
18 U/L, 33 U/L, and 46.3 μmol/L, respectively. The model 
for end-stage liver disease (MELD) score was 13. There 
was no history of hypertension, diabetes or coronary heart 
disease before the operation, and pulmonary function was 
normal.

The donor was a 59-year-old woman with a blood type 
of B+ and a BMI of 21.5 kg/m2. The AST, ALT and Tbil 
levels were 19 U/L, 24 U/L, and 23.1 μmol/L, respectively. 
The following risk factors: hypernatremia (sodium,  
153 mmol/L), 50% macrovesicular steatosis according to 
liver biopsies (Figure 1) and a foreseeable cold ischemia time 
of more than 10 hours; this conformed to a marginal donor 
liver. To minimize the risk of EAD or PNF, continuous 
NMP without re-cooling was performed for this patient. 

All procedures followed were in accordance with the 
ethical standards of the responsible committee on human 
experimentation (institutional and national) and with the 
Helsinki Declaration of 1964 and later versions (as revised 
in 2013).Written informed consent was obtained from the 
patient for publication of this study and any accompanying 
images. A copy of the written consent is available for review 
by the Editor-in-Chief of this journal. The donor liver was 
procured using the standard cold perfusion technique, and 
the organ was preserved in static cold storage in University 
of Wisconsin (UW) solution. When the donor liver arrived, 
it was trimmed for insertion of a straight 24Fr cannula into 
the portal vein (PV) and an 8Fr arterial cannula into splenic 
artery (SA) to allow the connection to the NMP machine, 

Figure 1 Liver tissue biopsies with H&E staining before procurement (A) (×50) and after reperfusion (×10) (B). (A) Inflammatory cells in the portal 
area were not obvious, and fatty degeneration of hepatocytes was found in the inner part of the liver parenchyma, accounting for approximately 
50% steatosis. (B) Mild watery degeneration of hepatocytes and a small number of inflammatory cells were found in the portal area.
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Figure 2 Diagram of the cannula location in NMP without re-cooling. (A) Tube placed in the common bile duct to drain bile. (B) Cannula 
placement into IHIVC to allow intrahepatic blood flow. (C) Cannula placement into PV. (D) Artery cannula placement into SA. NMP, 
normothermic machine perfusion.
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Figure 3 Changes in physicochemical indexes during perfusion. (A) Changes in pH during perfusion. (B) Changes in blood gas indexes 
during perfusion.
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as previously reported (9). After a 9-hour 20-minute cold 
ischemia period, the donor liver was perfused with a Liver 
Assist Device (Organ Assist, Groningen, the Netherlands) 
at 37 ℃. A drainage tube was placed into the common 
bile duct for bile detection (Figure 2). Before vascular 
anastomosis, a 34 Fr caval cannula was placed into the 
infrahepatic inferior vena cava (IHIVC) to ensure blood 
flow to the organ reservoir during the anhepatic phase. Just 
before the NMP circuit was established, 10 units of washed 
red blood cells (WRBC) at 37 ℃ were used as the perfusate 
for circumfusion as previously reported.

NMP lasted for a total of 6 hours. During perfusion, 
the acid-base equilibrium and electrolyte balance were 
maintained throughout the perfusion process (Figure 3). 
The pH level was maintained at 7.45 by adding sodium 

bicarbonate. The lactate level and potassium level dropped 
significantly during perfusion from 10.5 to 1.6 mmol/L  
and 4.9 to 1.7 mmol/L, respectively. The sodium and 
calcium levels remained stable during perfusion at 145 and  
1.0 mmol/L, respectively. The liver remained in the 
perfusion machine until implantation.

The liver implantation was performed similarly as that 
in IFLT. The donor liver was moved from the reservoir and 
placed in the recipient’s abdominal cavity as NMP was non-
stop. The donor SHIVC, HA and PV were anastomosed to 
the recipient counterparts in an end-to-end fashion using 
3-0, 8-0, and 5-0 Prolene, respectively. NMP was stopped 
before the removal of PV cannula and the anastomosis 
of PV. After reperfusion, the donor IHIVC was then 
anastomosed to the recipient IHIVC. The donor common 
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Figure 4 Postoperative liver function tests of the recipient. (A) Changes in AST and ALT; (B) changes in Tbil; (C) changes in INR. ALT, 
alanine transaminase; AST, aspartate transaminase; INR, international normalized ratios.

Figure 5 Timeline of diagnosis and treatment of patient. 
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bile duct was end-to-end anastomosed to the recipient 
common bile duct after withdrawal of the draining tube. 

The anhepatic phase was 57 minutes. Blood loss was 
1,800 mL. Four units of RBCs and 8 units of fresh frozen 
plasma (FFP) were used during the operation. The total 
operation time was 365 minutes. The patient was extubated 
at 12 hours post-transplantation. The intensive care unit 
(ICU) stay time was 25 hours. The maximal ALT, AST and 
TBil were reached at postoperative day (POD) 0, 1 and 0, 
respectively (Figure 4A,B). The international normalized 
ratios (INR) returned to normal on POD 4 (peak INR was 
1.8 on POD1) (Figure 4C). After reperfusion, the donor liver 
biopsy after perfusion showed mild watery degeneration 

of the hepatocytes and infiltration of a small number of 
inflammatory cells into the portal area (Figure 1). Neither 
EAD nor PNF was presented. The patient was discharged 
on POD 14. By present, during the 6-month local follow-
up, the patients recovered well without allograft rejection 
or vascular, biliary or other complications. Timeline of 
treatment was shown in Figure 5. 

Discussion

LT is considered the only curative treatment for patients 
with end-stage liver diseases such as decompensated liver 
cirrhosis, acute liver failure and hepatocellular cancer. LT 
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survival within one year has reached 80% to 90% due to 
progressive improvements in surgical methods, rejection 
treatment strategies and sepsis control (10). However, 
the main problems of conventional LT are that the donor 
liver will inevitably experience warm ischemia, cold 
preservation and reperfusion injury. Cold preservation helps 
to reduce cell physiological metabolism but fails to slow 
the destruction of cellular integrity. IRI is the main cause 
of EAD, PNF and biliary complications (11). Solving these 
problems can help to improve the postoperative survival rate 
and reduce postoperative complications. NMP is designed 
to ameliorate IRI in donor organs after cardiac death (DCD) 
or long cold ischemia time and has been proven to be 
effective. However, current NMP techniques are not perfect 
and have potential problems. Before implantation, the 
liver graft is usually flushed with cold solution, which may 
cause double IRI due to the rapid temperature change. To 
minimize the risk of EAD or PNF, we decided to perform 
continuous NMP without re-cooling for a marginal donor 
liver and obtained convincing outcomes. di Francesco  
et al. (12) has authored a case report on the feasibility of 
NMP with the avoidance of re-cooling. However, they 
do not address specific operations. To the best of our 
knowledge, this is the first reported case in which it was 
described how to avoid re-cooling before implantation. It 
is credible that implantation without re-cooling can help 
to potentially reduce the risk of EAD or PNF for marginal 
donor liver, according to our case report.

Marginal donor liver is a narrower definition than non-
ideal donor liver. It refers to a donor liver with an increased 
risk of PNF and EAD after transplantation (13). Research 

of Maring et al. has shown that the criteria of a marginal 
donor liver include an old donor liver (from a patient over  
55 years old), a donor liver subjected to a long warm 
ischemia time, a donor liver with moderate to severe 
steatosis, and a donor liver that is HBsAg-positive (14). 
In this case report, the donor liver was obtained from 
a 59-year-old woman and showed 50% macrovesicular 
steatosis and a long cold ischemia time, confirming that 
it was a marginal donor liver. It was not suitable for 
transplantation before functional restoration by machine 
perfusion. NMP without the re-cooling technique could 
provide a unique method for salvaging marginal donor 
organs, even after discarding the liver. The determination 
of whether this technique produces better outcomes than 
NMP alone needs further RCT data confirmation.

Amazingly, a new technique has been reported to 
ensure the complete avoidance of ischemia injury during 
transplantation, which is defined as IFLT. The donor liver 
is procured, preserved, and implanted under continuous 
NMP without a cold perfusion process. This technique has 
obvious advantages in the recovery of allograft function 
and the reduction of complication incidence compared 
with the conventional procedure (15). There have also 
been randomized clinical trials (RCTs) to confirm its  
feasibility (16). However, there are some limitations for 
IFLT. For a DCD donor liver, its application is limited 
because there is no way to establish effective donor liver 
circulation (17). In addition, because of the inconvenience of 
transportation with Liver Assist, the donor and the recipient 
should be in the same hospital. This technique requires 
further innovation. Compared with IFLT, this technique has 
its own unique advantages. First, it is suitable for a DCD 
donor liver and can tolerate long-distance transportation to 
ensure appropriate cold ischemia. Additionally, compared 
with those of IFLT, the techniques of procurement and 
perfusion are simpler and more widespread. Therefore, 
NMP without re-cooling can be a good supplement for 
IFLT that could both reduce the incidence of postoperative 
complications and increase the availability of marginal 
donor livers.

There are certain limitations for this technique. First, 
compared with those of conventional procedures, the 
preservation processes are still complex (Figure 6) and need 
to be further simplified in the future to shorten the cold 
ischemia time. In addition, the technology still needs to 
be tested by RCT to verify its effectiveness and feasibility. 
There is another disadvantage of our technique. The liver 
will still experience ischemia when we perform anastomosis 

Figure 6 Preservation processes during NMP. (A) A straight 24 Fr 
cannula into PV; (B) an 8 Fr arterial into splenic artery (SA); (C) 
A drainage tube into common bile duct; (D) a 34 Fr caval cannula 
into IHIVC. NMP, normothermic machine perfusion.

B

D

C
A



Ju et al. Non-re-cooling implantation in LT

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2020;8(21):1465 | http://dx.doi.org/10.21037/atm-20-2774

Page 6 of 7

of PV. A possible optimization measure is to establish the 
collateral circulation of PV to safeguard the whole process 
of perfusion.

In conclusion, our results demonstrate that it is feasible 
to perform non-re-cooling implantation for marginal 
livers. Further reports of this technique are needed before 
achieving any promising results.
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