
 

 

 University of Groningen

Hypothermic machine perfusion in liver transplantation
van Rijn, Rianne; de Meijer, Vincent E.; Porte, Robert J.

Published in:
New England Journal of Medicine

DOI:
10.1056/NEJMc2108879

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2021

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
van Rijn, R., de Meijer, V. E., & Porte, R. J. (2021). Hypothermic machine perfusion in liver transplantation.
New England Journal of Medicine, 385(8), 766-768. https://doi.org/10.1056/NEJMc2108879

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 23-05-2023

https://doi.org/10.1056/NEJMc2108879
https://research.rug.nl/en/publications/759f1b28-08a4-4a4d-ae57-3ddf2a6e8d34
https://doi.org/10.1056/NEJMc2108879


T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 385;8 nejm.org August 19, 2021766

Hypothermic Machine Perfusion in Liver Transplantation

To the Editor: In the article by van Rijn et al. 
(April 15 issue),1 the authors report promising 
results showing that hypothermic oxygenated 
machine perfusion of livers can ameliorate ische-
mic organ damage and make more organs avail-
able for transplantation. Although there are rea-
sons for optimism,2 critical changes to operations, 
regulations, and incentives will determine if such 
technology can increase organ supply.

Similar to these results, evidence has shown 
that hypothermic oxygenated machine perfusion 
of kidneys improves short-term outcomes after 
transplantation.3 Despite wider adoption, the use 
of this approach remains uneven in the United 
States. Some organ-procurement organizations 
use hypothermic oxygenated machine perfusion 
for most kidney recoveries, whereas others do so 
in only a small percentage of cases. Similarly, 
the number of donor organs that are recovered 
for transplantation with intended or actual ma-
chine perfusion in the United States presently 
varies dramatically according to geographic re-
gion (Fig. 1). However, with education of sur-
geons, realigned regulations and incentives, and 

funding for organ-procurement organizations to 
purchase and run perfusion machines, the tri-
fecta of higher use of organs donated after cir-
culatory death, liver allocation across longer 
distances, and hypothermic oxygenated machine 
perfusion to boost liver supply may be enabled.
Alex Chan, M.P.H.
Stanford University
Stanford, CA
chanalex@  stanford .  edu
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To the Editor: The landmark trial of van Rijn 
et al. showed that the incidence of symptomatic 
nonanastomotic biliary strictures among patients 

Figure 1. Donor Organs Recovered for Transplantation with Machine Perfusion.

Shown is the number of donor organs (heart, liver, and lung) recovered for transplantation in the United States with 
machine perfusion intended or performed. Data are from the United Network for Organ Sharing.4
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who received a liver graft from a donor after cir-
culatory death was approximately two thirds lower 
with hypothermic oxygenated machine perfusion 
than with static cold storage. However, the trial 
showed a 33% incidence of moderate or severe 
asymptomatic nonanastomotic biliary strictures di-
agnosed with the use of trial magnetic resonance 
cholangiography (vs. 19% with static cold storage).

In the cohort of patients who received a liver 
graft from a donor after circulatory death in the 
European randomized trial of normothermic ma-
chine perfusion, commencing perfusion at the 
donor hospital halved the incidence of nonanas-
tomotic biliary strictures on magnetic resonance 
cholangiopancreatography (11% with normother-
mic machine perfusion vs. 26% with static cold 
storage; P = 0.18).1 In the VITTAL (Viability Test-
ing and Transplantation of Marginal Livers) study, 
the livers were previously declined as unsuitable 
for transplantation and underwent normother-
mic machine perfusion after prolonged static 
cold storage; the present trial is, therefore, not 
directly comparable.2

Although end-ischemic perfusion is increasing-
ly adopted for its logistic simplicity, the DHOPE-
DCD (Dual Hypothermic Oxygenated Perfusion of 
DCD Liver Grafts in Preventing Nonanastomotic 
Biliary Strictures after Transplantation) trial by van 
Rijn et al. reignites the central question of wheth-
er the key strategy for the prevention of nonanas-
tomotic biliary strictures is more a function of the 
timing of the intervention than its temperature. 
Indeed, tackling the challenge of nonanastomotic 
biliary strictures after the transplantation of livers 
obtained from donors after circulatory death might
Hynek Mergental, M.D., Ph.D. 
M. Thamara P.R. Perera, F.R.C.S.
University Hospitals Birmingham NHS Foundation Trust 
Birmingham, United Kingdom 
hynek . mergental@  uhb . nhs . uk
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The authors reply: We agree with Chan that 
funding of liver machine perfusion is essential for 
the successful implementation of this preserva-
tion method in clinical practice. Funding issues 
relate not only to the costs of the perfusion ma-
chines and disposables but also to the cost of 
personnel. In fact, with the rise of machine per-
fusion in organ transplantation, a new profession 
emerges: the organ perfusionist. Apart from fund-
ing, this also requires training programs. On the 
basis of the successful clinical trials of machine 
perfusion in kidney and liver transplantation,1 
we have been able to secure reimbursement of 
the costs by the Ministry of Health and insurance 
companies in the Netherlands, and we are devel-
oping an international training program for organ 
perfusionists. Moreover, dual hypothermic oxygen-
ated machine perfusion (DHOPE) is now imple-
mented as the national standard of care in the 
transplantation of livers obtained from donors 
after circulatory death. Unlike kidney machine 
perfusion, which typically starts in the donor hos-
pital, liver machine perfusion is now mainly per-
formed in an end-ischemic setting (i.e., in the 
recipient center) and, therefore, does not require in-
volvement of the organ-procurement organization.

We thank Mergental et al. for highlighting 
the differences between end-ischemic DHOPE 
and end-ischemic normothermic machine perfu-
sion. Although DHOPE results in an incidence of 
symptomatic nonanastomotic biliary strictures 
after the transplantation of livers obtained from 
donors after circulatory death that is two thirds 
lower than the incidence with static cold stor-
age, this is clearly not achieved with end-ische-
mic normothermic machine perfusion.2 However, 
normothermic machine perfusion allows for bili-
ary viability assessment, which is currently not 
possible during DHOPE.3 For this reason, we 
routinely use end-ischemic DHOPE for “regular” 
livers obtained from donors after circulatory 
death and perform combined DHOPE and normo-
thermic machine perfusion for high-risk donor 
livers (i.e., those declined nationwide as unsuit-
able for transplantation).4 We have performed 
almost 60 combined DHOPE–normothermic ma-
chine perfusion procedures and observed a utili-
zation of 63% of these initially declined livers, 
with a 1-year graft survival of 94% (patient survival, 
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100%) and an incidence of nonanastomotic biliary 
strictures of only 3%. We would like to stress the 
difference between symptomatic nonanastomot-
ic biliary strictures, which were the primary end 
point of the DHOPE-DCD trial, and the radio-
logic bile-duct abnormalities observed on trial 
magnetic resonance cholangiography, to which 
Mergental et al. refer. The relevance of radio-
logic biliary abnormalities in the absence of 
clinical symptoms has yet to be established.
Rianne van Rijn, M.D., Ph.D. 
Vincent E. de Meijer, M.D., Ph.D. 
Robert J. Porte, M.D., Ph.D.
University of Groningen 
Groningen, the Netherlands 
r . j . porte@  umcg . nl
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Adrenal Incidentaloma

To the Editor: In his article on adrenal inciden-
taloma (April 22 issue),1 Kebebew discusses pri-
mary hyperaldosteronism, and in Table 1 in the 
article he states that “a ratio of plasma aldoste-
rone concentration to plasma renin activity [ARR] 
>20 confirms diagnosis.” We would note that the 
guideline that Kebebew refers to in his discus-
sion of the role of ARR in the diagnosis of pri-
mary hyperaldosteronism states otherwise.

According to the guideline, an elevated ARR 
(i.e., a ratio of >20) suggests a diagnosis of pri-
mary hyperaldosteronism but does not confirm it, 
and patients with an elevated ARR should under-
go confirmatory testing.2 Confirmatory testing may 
be unnecessary in two groups of patients: those 
with spontaneous hypokalemia, low plasma renin 
activity, and a plasma aldosterone concentration 
of greater than 20 ng per deciliter and those with 
low plasma renin activity and a plasma aldosterone 
concentration of greater than 30 ng per deciliter.2,3 
It is also worth mentioning that in patients with 
a low plasma aldosterone concentration (<9 ng per 
deciliter), a diagnosis of primary hyperaldoste-
ronism is unlikely even if the ARR is elevated.4
Haya H. Suradi, M.D.
Istishari Hospital 
Amman, Jordan

Justin Z. Amarin, M.D.
King Hussein Cancer Center 
Amman, Jordan

Ayman A. Zayed, M.D.
University of Jordan School of Medicine 
Amman, Jordan 
baraaayman@  gmail . com

No potential conflict of interest relevant to this letter was 
reported.

1. Kebebew E. Adrenal incidentaloma. N Engl J Med 2021; 
384: 1542-51.

2. Funder JW, Carey RM, Mantero F, et al. The management of 
primary aldosteronism: case detection, diagnosis, and treatment: 
an Endocrine Society clinical practice guideline. J Clin Endocri-
nol Metab 2016; 101: 1889-916.
3. Umakoshi H, Sakamoto R, Matsuda Y, et al. Role of aldoste-
rone and potassium levels in sparing confirmatory tests in primary 
aldosteronism. J Clin Endocrinol Metab 2020; 105(4): dgz148.
4. Reznik Y, Amar L, Tabarin A. SFE/SFHTA/AFCE consensus 
on primary aldosteronism. 3. Confirmatory testing. Ann Endo-
crinol (Paris) 2016; 77: 202-7.
DOI: 10.1056/NEJMc2108550

The author replies: Suradi and colleagues cor-
rectly state that according to the Endocrine Soci-
ety guidelines,1 confirmatory testing for primary 
hyperaldosteronism is necessary for many patients 
with an ARR greater than 20, with an exception 
being patients who also have spontaneous hypo-
kalemia, low plasma renin activity, and a plasma 
aldosterone concentration of greater than 20 ng 
per deciliter. However, the criteria in the guide-
lines were established for case detection in pa-
tients with hypertension, and the focus of my 
article was patients with an adrenal incidentaloma 
and hypertension. In this latter group, an ARR of 
greater than 20 is generally considered to be suf-
ficient for diagnosis.
Electron Kebebew, M.D.
Stanford University School of Medicine 
Stanford, CA 
kebebew@  stanford . edu
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