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Prolonged Ex Vivo Normothermic Perfusion  
of a Split Liver
An Innovative Approach to Increase the Number of Available Grafts
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Normothermic machine perfusion has emerged as a 
method of assessing livers before implantation and per-

mits livers to be split ex vivo while perfused under normother-
mic conditions. This combines the advantages of both ex vivo 
(convenience) and in situ techniques (shorter cold ischemic 
time).1,2 Liver splitting during normothermic perfusion with 
continuous perfusion and survival of both grafts beyond 6 h 
has never been described.3,4 We report an ex vivo split per-
formed during normothermic machine perfusion followed by 
continuous perfusion of both grafts until they became clearly 
nonviable at 6 d.

A 65-y-old liver weighing 2200 g was procured by the 
donation after circulatory death pathway following an 
out-of-hospital cardiac arrest. The liver was declined for 
transplantation according to donation after circulatory 
death acceptance criteria at our center and consented for 
research. This was approved by the Sydney Local Health 
District Ethics Review Committee (HREC/18/RPAH/748/
X18-0523). After a cold ischemic time of 315 min, the 
liver was connected to the Liver Assist perfusion machine 

(Organ Assist, Groningen, the Netherlands), which we 
modified by adding a dialysis membrane (Prismaflex, 
Baxter, Illinois) and long-term oxygenators (Quadrox-iD 
Pediatric, Macquet, Getinge Group, Rastatt, Germany). 
Nutritional support included infusions of taurocholic acid 
(7.7 mg/h), methylprednisolone (50 mg/24 h), parenteral 
nutrition, insulin, and glucagon.

After 20 h of normothermic perfusion (36°C) using a 
red-cell–based perfusate anticoagulated with heparin, the 
lactate was 0.68, arterial pH 7.30, glucose 9 mmol/L, bile 
pH 7.25, and the cumulative bile volume 40 mL. With 
these results, the liver was assessed as suitable for split-
ting. Our predetermined criteria were lactate <2.5 mmol/L 
and ≥2 of the following: bile production, arterial pH >7.3, 
evidence of glucose metabolism, homogeneous perfusion, 
and bile pH >7.4.5 The split was performed by dissection 
and isolation of the left hepatic artery, left portal vein, 
and left hepatic vein with the liver in the prone position 
(caudate lobe and hilum facing upwards). Parenchymal 
transection was performed 1 cm to the right side of the 
falciform ligament using a harmonic scalpel (Ethicon, 
Cincinnati, Ohio). A Y-connector was added to the hepatic 
artery and portal vein to facilitate perfusion of both lobes 
in the same machine. Perfusion was reestablished by can-
nulation of the left hepatic artery and left portal vein after 
arterial and portovenous ischemic times of 5 min and 
4 min, respectively. The total surgical time was 140 min.  
At experiment completion, the left lateral segment graft 
weighed 333 g, and the extended right graft weighed 
1452 g. Organ viability was demonstrated before and after 
the split by stable liver biochemistry, production of bile, 
and coagulation factors (Figure 1A–E). Histological assess-
ment of biopsies demonstrated viable hepatocytes in all 
sections without evidence of perivenular necrosis or loss of 
hepatocyte cohesion (Figure 1F–H).

This is the first liver split performed during ex vivo nor-
mothermic perfusion to demonstrate prolonged viability  
(>6 d) and continuous perfusion of both grafts. This tech-
nique not only provides a potential model for compar-
ing therapeutics and regeneration but also provides the 
opportunity to perform viability testing on each graft. 
Current methods of assessing graft viability ex vivo remain 
imperfect, and at present, the only definite way to confirm 
graft viability is through clinical transplantation. Future 

ISSN: 2373-8731

Transplantation Direct 2021;7: e763; doi: 10.1097/TXD.0000000000001216.  
Published online 7 September, 2021.

Received 1 July 2021. Revision received 23 July 2021.
Accepted 25 July 2021.
1	Australian National Liver Transplantation Unit, Royal Prince Alfred Hospital, 
Sydney, New South Wales, Australia.
2	Faculty of Medicine and Health, The University of Sydney, Sydney, New South 
Wales, Australia.
The authors declare no funding or conflicts of interest.
N.-S.L. participated in research design, wrote the article, performed the 
research, and analyzed the data. M.L. participated in research design and 
performed the research. A.J. participated in research design. K.E., N.M., A.A., 
and N.K. performed the research. J.K. participated in the research design and 
analyzed the data. K.L., G.M., and M.C. participated in research design and 
reviewed the article. C.P. participated in research design, analyzed the data, and 
reviewed the article.
Correspondence: Carlo Pulitano, PhD, Australian National Liver Transplantation 
Unit, Royal Prince Alfred Hospital, 50 Missenden Rd, Camperdown, NSW 2050, 
Australia. (carlo.pulitano@sydney.edu.au)

Copyright © 2021 The Author(s). Transplantation Direct. Published by Wolters 
Kluwer Health, Inc. This is an open-access article distributed under the terms of 
the Creative Commons Attribution-Non Commercial-No Derivatives License 4.0 
(CCBY-NC-ND), where it is permissible to download and share the work provided 
it is properly cited. The work cannot be changed in any way or used commercially 
without permission from the journal.

Letter to the Editor

mailto:carlo.pulitano@sydney.edu.au
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


2	 Transplantation DIRECT   ■   2021	 www.transplantationdirect.com

research should focus on identifying novel methods of ex 
vivo viability assessment and understanding why these 
grafts became nonviable after 120 h. A study to assess indi-
vidual graft function using prolonged ex vivo perfusion on 
separate machines after splitting is currently underway to 
investigate these questions.
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FIGURE 1.  Perfusate and tissue markers of liver function before and after liver splitting during normothermic ex vivo machine perfusion of human 
livers. A, Lactate from packed red cells was rapidly cleared at the start of perfusion and maintained at a low level until 120 h of ex vivo perfusion. 
This was followed by a rapid decline parallel to death of both grafts. The lactate from individual grafts was sampled directly from respective 
hepatic veins. B, Bile was produced at a constant rate by the whole liver until splitting and then by each lobe individually. Bile flow slowed and 
ceased first in the left lobe and then the right lobe as the graft reached 120 h. C, Alanine aminotransferase (ALT) remained high throughout ex vivo 
perfusion. D and E, Indirect (international normalized ratio [INR]) and direct markers (factor V) of liver synthetic function demonstrated functional 
liver during perfusion before ceasing from 120 h of perfusion. F–H, Hematoxylin and eosin staining of core biopsies taken presplitting (F), and 
postsplitting from the right graft (G) and the left graft (H) (original objective ×20). In all sections, there are occasional apoptotic hepatocytes but 
no evidence of perivenular necrosis or loss of hepatocyte cohesion consistent with liver viability before and after splitting.


