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Abstract

Background: Recent evidence supports the use of machine perfusion technologies

(MP) for marginal liver grafts. Their effect on enhanced recovery, however, remains

uncertain.

Objectives: To identify areas in whichMPmight contribute to an ERAS program and to

provide expert panel recommendations.

Data sources:OvidMEDLINE, Embase, Scopus, Google Scholar, andCochraneCentral.

Methods: Systematic review and meta-analysis following PRISMA guidelines and rec-

ommendations using the GRADE approach. CRD42021237713

Results: Both hypothermic (HMP) and normothermic (NMP) machine perfusion

demonstrated significant benefits in preventing postreperfusion syndrome (PRS)

(HMPOR .33, .15-.75CI; NMPOR .51, .29-.90CI) and early allograft dysfunction (EAD)

(HMP OR .51, .35-.75 CI; NMP OR .66, .45-.97 CI), while shortening LOS (HMP MD -

3.9; NMP MD -12.41). Only NMP showed a significant decrease in the length of ICU

stay (L-ICU) (MD -7.07, -8.76; -5.38 CI), while only HMP diminishes the likelihood of

major complications. Normothermic regional perfusion (NRP) reduces EAD (OR .52,
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.38–.70 CI) and primary nonfunction (PNF) (OR .51, .27-.98 CI) without effect on L-ICU

and LOS.

Conclusions: The use of HMP decreases PRS and EAD, specifically for marginal grafts.

This is supported by a shorter LOS and a lower rate of major postoperative complica-

tions (QOE; moderate | Recommendation; Strong). NMP reduces the incidence of PRS

and EAD with associated shortening in L-ICU for both DBD and DCD grafts (QOE;

moderate | Recommendation; High) This technology also shortens the length of hos-

pital stay (QOE; low | Recommendation; Strong). NRP decreases the likelihood of EAD

(QOE; moderate) and the risk of PNF (QOE; low) when compared to both DBD and

SRR-DCD grafts preserved in SCS. (Recommendation; Strong).

KEYWORDS

hypothermic machine perfusion (HMP), hypothermic oxygenated liver perfusion, hypothermic
oxygenated perfusion (HOPE), liver transplant, liver transplantation, machine and perfusion, nor-
mothermic machine perfusion (NMP), normothermic regional machine perfusion, normothermic
regional perfusion (NRP), organ preservation

1 INTRODUCTION

Liver transplantation is the standard treatment of choice for end-stage

liver disease.1 Recent years have seen increasing organ donation in

several countries, although this is still insufficient to meet current

demands. For example, approximately 12% of patients in the UK died

or had to be removed from the liver transplant list due to their deteri-

orating condition.2 In addition, delays in transplantation may compro-

mise surgical outcomesdue todeterioration in the conditionof patients

whilst waiting.

These pressures have led to an increased use of marginal or

extended criteria donor organs (ECD), including those from older

brainstem death donors (DBD) and those retrieved after circulatory

death (DCD). With this, has come an inevitable increase in com-

plications such as EAD, primary nonfunction (PNF) and ischemic

cholangiopathy.3 Tomitigate the effects of using ECDorgans, clinicians

andmedical device companies have developed novel technologies that

might reduce the damage occurring during the retrieval, preservation

and reperfusion process, also allowing us to assess and recondition the

organ before its use and prolong the duration for which a liver can be

preserved.4–6

Recent years have seen fairly rapid development and adoption of

thesenovel preservation techniques by the liver transplant community.

This technological boost has led to the publication of a considerable

number of both high and low-quality research articles with a degree of

contradictory information. Herein we seek to appraise the breadth of

evidence in this field to assess the capacity of machine perfusion (MP)

to improve immediate and short-term outcomes after liver transplan-

tation.

We performed a systematic review and meta-analysis with the

objective of answering such questions according to the current avail-

able evidence.

This work was conducted in preparation for the ILTS -

ERAS4OLT.org Consensus Conference on Enhanced Recovery for

Liver Transplantation, January 2022, Valencia, Spain.

2 METHODS

2.1 Protocol and registration

The systematic review protocol was registered at PROSPERO

(CRD42021237713).

2.2 Eligibility criteria

Publications included are those based on adult patients with end-stage

liver disease who underwent a cadaveric orthotopic liver transplan-

tation following a MP intervention, including normothermic regional

perfusion (NRP) and ex-situ hypothermic and normothermic perfusion.

Reports of transplants using livers frombothDBDandDCDorgandon-

ers were included. Those relating to split-livers and patients undergo-

ing living donor liver transplantation were excluded.

2.3 Information sources and search

A literature searchwas conducted in February 2021 through the online

Ovid MEDLINE, Embase, Scopus, Google Scholar, Clinical.Trials.gov

and the Cochrane Central Register of Controlled Trials. The search

algorithm (“normothermic machine perfusion” OR NMP OR Organox

OR “hypothermic machine perfusion” OR HMP OR “hypothermic oxy-

genated liver perfusion” OR “hypothermic oxygenated perfusion” OR

HOPE OR (machine AND perfusion) OR “normothermic regional per-

fusion” OR normothermic regional machine perfusion) AND ((liver OR

hepatic) AND (transplant OR transplantation)) was employed. There

were no language or publication year limitations. Studies reporting on

pediatric populations and/or conference abstracts were excluded.

Titles and abstracts were screened, full-text articles were retrieved

and eligibility was assessed by two independent reviewers. Any dis-

crepancies were resolved by consensus. Reference lists of the included
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studies were manually searched to extract any potentially relevant

studies.

2.4 Study selection

Studies comparing any of the MP techniques against the current gold

standard, static cold storage (SCS), were included in this systematic

review. Publications comparing one type of MP with another or those

using sequential MP techniques (such as NRP followed by HMP, or

HMP followed by NMP) were excluded. This was decided because the

main purpose of this study is to assess the effect of MP on the ERAS

pathway against the current standard in organ donation and preserva-

tion (SCS).

Observational studies and other publications reporting their data

in medians and interquartile range were excluded from meta-analysis.

The remaining studies were included provided the patient cohorts did

not overlap substantially with those used in other publications.

2.5 Meta-analyses

Themeta-analyseswereperformedusingRversion3.3.2 (RCoreTeam,

GNUGPLv2License,Boston,MA,2016), RStudioversion1.0.44 (RStu-

dio, Inc. GNU Affero General Public License v3, Boston, MA, 2016)

with the graphical user interface (GUI) rBiostatistics.com alpha version

(rBiostatistics.com, London, UK, 2017).7

2.6 Quality of studies and recommendations
grading

The “Grading of Recommendations Assessment, Development and

Evaluation” (GRADE) approach was used for grading quality of evi-

dence (QOE) and strength of recommendations.8 The GRADE system

was designed to provide a comprehensive and structured approach to

rating the QOE for systematic reviews, and to grade the strength of

recommendations for development of guidelines in health care. We

applied the modified GRADE approach for QOE assessment derived

from systematic reviews using estimates summarized narratively.9

The QOE was rated separately for each outcome. The direction and

strength of recommendation was assessed individually by all authors

and disagreements resolved by consensus.10,11

3 RESULTS

3.1 Study selection

One thousand eight hundred and forty articleswere identified through

database searching. Removal of duplicates narrowed the records to

859. From these, 86 articleswere assessed for eligibility and45 initially

included. Following the initial consensus meeting between the panel

members, seven further articles were excluded because of (i) different

MP techniques without including an SCS arm or (ii) sequential use of

different perfusion technologies. A total of 38 articles were included

in the systematic review. Ten of these were excluded from the meta-

analysis due to overlap of cohorts used in different studies and the

exclusion of observational studies (Figure 1).

3.2 Study characteristics

Tables 1–3 report the study characteristics.

3.3 Results of individual studies

Tables 4–7 lists the results of the individual studies.

3.4 Quality of evidence

The summary of findings for the main outcomes, including the QOE

assessment according to the GRADE approach are summarized in

Tables 8–14.

3.5 Meta-analysis

The use of MP in liver transplantation has shown, across a number of

studies of variable quality, to have a positive effect in relation to several

events, many of which are relevant to the early postoperative recovery

of patients after liver transplantation.

The overall outcome for HMP livers compared to those preserved

using SCS (both DBD and DCD) revealed a significant decrease in the

incidence of postreperfusion syndrome (PRS) (OR .33, .15–.74 95% CI,

p = .0071; heterogeneity p = .44988; Supplemental Figure S1a), early

allograft dysfunction (OR .51, .35–.75 95%CI, p= .0006; heterogeneity

p = .9227; Supplemental Figure S1b) and length of hospital stay (MD

-3.9, -5.92; -1.89 95%CI p = .0001; heterogeneity p = .0184; Supple-

mental Figure S1c). In addition, HMP was associated with lower peak

transaminases after transplantation for ALT (MD -314.19, -492.38; -

35.99 95%CI, p = .0005; heterogeinity p = .043; Supplemental Figure

S1d). No difference was found for primary nonfunction (OR .73, .26–

2.03 95%CI, p = .545; heterogeneity p = .7514; Supplemental Figure

S1e), the need for postoperative renal replacement therapy (RRT) (.88,

.5–1.56 95%CI, p = .6727; heterogeneity p = .9077; Supplemental

Figure S1f) and the length in ICU stay (MD -.21, -1.71; 1.27 95% CI,

p= .772; heterogeneity p= .4289; Supplemental Figure S1g).

In order avoid indirectness, an individual subgroup analysis was car-

ried out, comparing HMP separately against DBD or DCD liver grafts

preserved using SCS. This subgroup analysis is best depicted in the for-

est plot, in which a comparison of HMP against DBD livers revealed a

lower postoperative peak in both ALT (MD−238.29,−448.59;−27.99

95%CI p = .0264; heterogeneity p = .0646; Supplemental Figure S2a)

 13990012, 2022, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ctr.14638 by U

niversiteitsbibliotheek, W
iley O

nline L
ibrary on [09/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



4 of 29 RAMÍREZ-DEL VAL ET AL.

F IGURE 1 Systematic review flow diagram

and AST (MD −389.28, −647.38; −131.17 95% CI p = .0031; hetero-

geneity p = .0425; Supplemental Figure S2b). In addition, the use of

HMPwasassociatedwitha lower likelihoodofdevelopingEAD (OR .56,

.35–.9 95% CI p = .0161; heterogeneity .7171; Supplemental Figure

S2c) and shorter length of hospital stay (MD-3.82, -5.95; −1.7 95%CI

p = .0004; heterogeneity .0052; Supplemental Figure S2d) when com-

pared to DBD grafts preserved by SCS. There was no significant dif-

ference for this specific type of graft in PNF (OR .89, .29–2.71 95%CI

p = .8336; heterogeneity p = .7230; Supplemental Figure S2e), RRT

(OR 1.03, .48–2.23 95%CI p= .9336; heterogeneity p= .3711; Supple-

mental Figure S2f) and length in ICUstay (MD−.02,−1.71–1.6595%CI

p= .9805; heterogeneity p= .1105; Supplemental Figure S2g).

Similarly, and with a higher degree of effect, HMP prevented EAD

(OR .45, .25–.79 95%CI p = .0059; heterogeneity p = .7510; Supple-

mental Figure S3a) and revealed a lower postoperative peak in ALT

(MD -507.37, −842.88; −171.85 95% CI p = .0030; heterogeneity

p= .1071; Supplemental Figure S3b) specificallywhen compared in the

context of DCD livers. No difference was found in PNF (OR .24, .03–

2.21 95%CI p = .2094; heterogeneity p = .8117; Supplemental Figure

S3c), the need for RRT (OR .82, .4–1.67 95%CI p = .5882; heterogene-

ity p = .8646; Supplemental Figure S3d) and the length of ICU (MD

−.87, −3.97; 2.24 95%CI p = .5846; heterogeneity p = .9762; Supple-

mental Figure S3e) and hospital stay (MD -4.63, −11.04; 1.78 95%CI

p = .1570; heterogeneity p = .5129; Supplemental Figure S3f). More-

over, PRS was only reported in the RCT of Van Rijin et al., with a favor-

able outcome toward HMP (RR .43, .2–.91).22 The remaining outcome

data were reported in medians with IQR and as such an analysis was

not possible to perform.
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TABLE 1 Study characteristics HMP

Study Study type No. of patients Main outcomes assessed

Guarrera, 20106 Prospective cohort study,

historic control matched

20DBDHMP

20DBD SCS

∙ PNF
∙ EAD
∙ Vascular complications
∙ Bile leak and stricture
∙ Hepatic artery stenosis
∙ Length of hospital stay

Peak AST, ALT, Bili, Cr, INR

Dutkowski, 201512 Prospective cohort study,

historic control

Matched 1:2

25DCDHOPE

50DCD SCS

50DBD SCS

∙ Peak ALT, AST, Bilirubin,

Cr
∙ RRT
∙ EAD
∙ PNF
∙ HAT
∙ LOS
∙ L-ICU
∙ 3-months ALP

Guarrera, 201513 Prospective cohort study,

historic control

Matched 1:1

31 EC-DBDDHOPE30

EC-DBD SCS

∙ PNF
∙ EAD
∙ HAT and PVT
∙ Bile leak and strictures
∙ Reoperation for

bleeding
∙ AKI
∙ LOS
∙ AST, ALT, Bili, INR, Cr

post LTx

Van Rijn, 201714 Prospective cohort, clinical

pilot study

10DCDDHOPE

20DCD SCS

∙ 6 and 12months GS and

PS
∙ Peak serumALT, PT,

lactate
∙ EAD
∙ Serum bilirubin POD7
∙ L-ICU
∙ LOS

Patrono, 201915 Retrospective comparative

cohort, propensity score

matched

25DBDHOPE

50DBD SCS

∙ PRS
∙ Peak ALT&AST
∙ EAD
∙ AKI
∙ RRT

Schlegel, 201916 Retrospectivematched

cohort

50DCDHOPE

50DBD SCS

50DCD SCS

∙ Peak ALT
∙ PNF
∙ RRT
∙ L-ICU
∙ LOS
∙ 5-year graft survival
∙ CCI within 1-year

post-transplant
∙ Overall complications

Muller, 201917 Single arm, ‘futile’ 21 DCDHOPE ∙ Peak ALT&AST
∙ EAD
∙ PNF
∙ RRT
∙ L-ICU
∙ LOS
∙ Complications
∙ 1 year PS &GS

(Continues)
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TABLE 1 (Continued)

Study Study type No. of patients Main outcomes assessed

Rayar, 202018 Prospective cohort,

propensity score

matched control group

25 EC-DBDHOPE

69 EC-DBD SCS

∙ Peak AST
∙ EAD
∙ PNF
∙ Post op lactate and Cr
∙ L-ICU
∙ LOS
∙ 1 year PS &GS
∙ Cost

Ravaioli, 202019 Prospective cohort historic

control, Matched 1:3

10 EC-DBDHOPE

30 EC-DBD SCS

∙ Peak AST
∙ PNF
∙ EAD
∙ LOS
∙ C-D complications
∙ 1 year GS

Patrono, 202020 Retrospective

Observational

50DBDD-HOPE ∙ ALT&AST peak
∙ EAD
∙ AKI 2–3
∙ L-GrAFT
∙ GS

Czigany, 202121 Randomized Controlled

Trial

23 DBDHOPE

23DBD SCS

∙ Peak ALT&AST
∙ PNF
∙ EAD
∙ RRT
∙ ICU& LOS
∙ Dindo-Clavien

Complications
∙ 1 year GS and PS

Van Rijn, 202122 Randomized Controlled

Trial

78 DCDDHOPE

78DCD SCS

∙ Peak ALT
∙ PRS
∙ EAD
∙ PNF
∙ RRT
∙ LOS
∙ L-ICU
∙ Nonanastomotic biliary

strictures
∙ PS &GS

A similar subgroup analysis was not possible for normothermic

machine perfusion (NMP) due to the homogeneity across studies, most

of which included both DCD and DBD livers in both the intervention

and control group. The use of NMP as a way of preservation had posi-

tive effects inmost of the outcomes, except for PNF (OR1.3, .16–10.56

95% CI p = .8030; heterogeinity p = .5576), the need for RRT after

surgery (OR1.16, .61–2.23 95%CI p= .9151; heterogeneity p= .4488)

and the frequency of major complications (Dindo-Clavien ≥ 3) (OR .49,

.08–2.81 95% CI p = .3671; heterogeinity p = .6878). The use of NMP

was associated with a decreased likelihood of PRS (OR .51, .29–.9 95%

CI p = .0192; heterogeneity p = .227; Supplemental Figure S4a) and

EAD (OR .66, .45–.97 95%CI p = .0334; heterogeneity p = .020; Sup-

plemental Figure S4b), a shorter length of ICU stay (MD−7.07,−8.76;

−5.38 95%CI p< .0001; heterogeneity p< .0001; Supplemental Figure

S4c) and hospital stay (MD −12.41, −17.36; −7.46 95%CI p < .0001;

heterogeneity p = .0041; Supplemental Figure S4d). In addition, NMP

was associated with lower peak transaminases after transplantation

for both ALT (MD −412.17, −595.38; −228.97 95% CI p < .0001;

heterogeneity p = .0044; Supplemental Figure S4e) and AST (−453.9,

−686.78;−221.01 95%CI p= .0001; heterogeneity p= .0006; Supple-

mental Figure S4f).

The use ofNRPwas associatedwith improvements in bothEAD (.52,

.38–.7 95%CI p< .0001; heterogeneity p= .5395; Supplemental Figure

S5a) and PNF (.51, .27–.98 95%CI p = .0424; heterogeneity p = .1825

Supplemental Figure 5b).When sub-analyzed, oncemore to avoid indi-

rectness, the comparison of NRP against super rapid recovery (SRR)

DCD livers revealed an even higher degree of protection against EAD

(OR .51, .36–.7295%CI p= .0001; heterogeneity p= .1815Supplemen-

tal Figure S6a) and PNF (.42, .21–.84 95%CI p = .0135; heterogene-

ity p = .4068 Supplemental Figure S6b). However, when DCD livers
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TABLE 2 Study characteristics NMP

Study Study type No. of patients Main outcomes assessed

Angelico, 201623 Prospective cohort study,

historic control

Matched 1:2

6NMP

12 SCS (DCD andDBD)

∙ PRS
∙ RBC, FFP
∙ Inotropes during

transplantation

Ravikumar, 20164 Prospective cohort study,

historic control

Matched 1:2

20NMP

40 SCS (DCD andDBD)

∙ AST, ALT, bili, alk Phos,

INR 7 days
∙ EAD
∙ PNF
∙ L-ICU
∙ LOS
∙ Vascular complications
∙ 30 day GS & PS

Selzner, 201624 Prospective cohort study,

historic control

Matched 1:3

10NMP

30 SCS

(DCD andDBD)

∙ Peak ALT, AST, INR
∙ LOS
∙ L-ICU
∙ Clavien-Dindo

Complications
∙ 3months PS &GS

Bral, 201725 Prospective cohort study,

historic control

Matched 1:3

10NMP

30 SCS (DCD andDBD)

∙ Peak AST
∙ PNF
∙ EAD
∙ LOS
∙ L-ICU
∙ Clavien-Dindo

Complications
∙ 30 day GS & PS

Watson, 201726 Retrospective cohort,

control

Matched 1:2

12NMP

24 SCS

(DCD andDBD)

∙ Peak ALT
∙ PRS
∙ PNF
∙ 12months PS &GS
∙ Cholangiopathy

Nasralla, 20183 Randomized controlled trial 120NMP

100 SCS (DCD andDBD)

∙ Peak serumAST
∙ EAD
∙ PNF
∙ PRS
∙ 12months GS and PS
∙ Biliary strictures on

MRCP at 6m
∙ RRT
∙ L-ICU
∙ LOS

Jassem, 201927 Retrospective cohort study,

historic control

12NMP

27 SCS (DBD)

∙ Peak AST
∙ L-ICU
∙ Gene expression/cell

infiltration
∙ GS and PS

Ghinolfi, 201928 Randomized controlled trial 10 NMP

10 SCS (EC-DBD)

∙ PRS
∙ Peak AST&ALT
∙ EAD
∙ PNF
∙ LOS
∙ Biliary complications
∙ 90 days PS &GS

(Continues)
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TABLE 2 (Continued)

Study Study type No. of patients Main outcomes assessed

Reiling, 202029 Prospective pilot study 10NMP (DCD andDBD) ∙ Peak AST
∙ EAD
∙ PNF
∙ RRT
∙ L-ICU
∙ LOS
∙ 3, 6, 12months PS &GS

Cardini, 202030 Prospective Cohort 34NMP, 25 Transplanted

(DCD andDBD)

∙ Challenges of

establishing NMP

programs
∙ Logistic and operational

challenges
∙ EAD&PNF
∙ Biliary Complications
∙ 20months PS &GS

Liu, 202031 Prospective Clinical Trial 21 NMP

84 SCS (DCD/DBD)

∙ Safety and Feasibility of

FFP in NMP
∙ Peak AST&ALT
∙ EAD
∙ PNF
∙ NMPparameters

Mergental, 202032 Prospective Clinical Trial,

contemporary controls

Matched 1:2

22NMP

44 SCS (DCD&DBD)

∙ Increased and safe

utilization of discarded

livers
∙ EAD
∙ PNF
∙ RRT
∙ L-ICU
∙ LOS
∙ Clavien-Dindo

Complications
∙ 90 day GS & PS

Fodor, 202133 Retrospective Comparative

Cohort

59NMP

59 SCS

(DCD andDBD)

∙ PRS
∙ EAD
∙ PNF
∙ Clavien-Dindo

Complications
∙ Early Biliary

Complications
∙ LOS
∙ 30 days, 90 days and 1

year GS & PS

treatedwithNRPwere comparedagainstDBD liver grafts therewas an

increase in PNF (OR 4.62, 1.12–19.09 95%CI p= .0347; heterogeneity

p= .7818; Supplemental Figure S7).

3.6 Recommendations

Thirty-eight studies, including four randomized controlled trials on ex-

situ liver perfusion, were used to generate the following recommenda-

tions.

The use of hypothermic machine perfusion (HMP) may enhance

recovery after liver transplantationby significantly decreasingPRSand

EAD, alongside a decrease in the likelihood of early complications. This

leads toa significantly shorter length inhospital stayandearly recovery

(Quality of Evidence;Moderate |Grade of recommendation; Strong).

WhenHMP is compared against DCD grafts preserved in SCS there

is an even greater decrease in the likelihood of developing PRS (Qual-

ity of Evidence; Moderate) and EAD (Quality of Evidence; High). These

improvements, associated with a lower peak in postoperative liver

enzymes, suggest an even further advantage (Quality of Evidence;

Moderate) (Grade of recommendation; Strong).
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TABLE 3 Study characteristics NRP

Study type No. of patients Main outcomes assessed

Oniscu, 20145 Prospective cohort study 21NRP (11 liver transplants)

DCD

∙ Number of organs

recovered
∙ Peak ALT
∙ EAD
∙ PNF
∙ L-ICU
∙ LOS

Minambres, 201734 Retrospective cohort 27NRP (11 livers

transplanted)

11DBD

∙ Day 7 ALT&AST
∙ PNF
∙ L-ICU
∙ 6, 12, 18 GS
∙ Biliary complications

De Carlis, 201835 Retrospective cohort 20NRP

17 ECMO-DBD

52DBD

∙ EAD
∙ PNF
∙ RRT
∙ L-ICU
∙ LOS
∙ 6 and 12months PS &

GS
∙ Ischemic

cholangiopathy (AS en

NAS)

Rodriguez-Sanjuan,

201936
Retrospective cohort 11NRP

51DBD

∙ Peak AST&ALT
∙ PNF
∙ Vascular complications
∙ IC (diffuse intrahepatic

stenosis)
∙ AKI

Ruiz, 201937 Single-centre prospective

database analysis

46NRP ∙ PRS
∙ Peak ALT
∙ EADPNF
∙ RRT
∙ L-ICU
∙ LOS
∙ 9months GS & PS

Watson, 201938 Retrospective cohort 43NRP

187 SCSDCD (historic

controls)

∙ PEak ALT
∙ EAD
∙ PNF
∙ Ischemic

Cholangiopathy
∙ Anastomotic strictures
∙ 90 day GS & PS

Hessheimer, 201939 Retrospective registry

review, propensity score

matching

95NRP

117 SCSDCD

∙ EAD
∙ PNF
∙ L-ICU
∙ LOS
∙ ITBL/biliary

complications
∙ 1 year GS & PS

Savier, 202040 Retrospective cohort,

Control matched 1:2

50NRP

100DBD SCS

∙ Peak AST
∙ EAD
∙ AKI
∙ Arterial & biliary

complications
∙ 90 day GS & PS

(Continues)
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10 of 29 RAMÍREZ-DEL VAL ET AL.

TABLE 3 (Continued)

Study type No. of patients Main outcomes assessed

Ding, 202041 Prospective Comparative

Cohort

7 DBCDNRP

12DBCD SCS

∙ Dynamic changes in

LFT’s, INR, Plt
∙ PNF
∙ 1 year PS

Antoine, 202042 Retrospective registry

review

123NRP ∙ 90-day and 1-year graft

survival
∙ EAD
∙ PNF
∙ L-ICU
∙ LOS
∙ Ischemic

Cholangiopathy
∙ 1 year PS &GS

Miñambres, 202043 Retrospective Comparative

Cohort

16DCDNRP

29 SCSDBD

∙ Peak AST&ALT
∙ EAD
∙ PNF
∙ Ischemic

Cholangiopathy
∙ L-ICU
∙ LOS
∙ 3months, 1- and 2-year

PS

Munoz, 202044 Prospective Comparative

Cohort

23NRP

22DCD

∙ Peak AST&ALT
∙ PRS
∙ EAD
∙ ITBL

Hessheimer, 202145 Retrospective registry

review

545NRP

258DCD

∙ EAD
∙ PNF
∙ HAT
∙ ITBL
∙ 1, 3 years PS &GS

The use of NMP reduces the incidence of PRS (Quality of Evidence;

Moderate) and EAD (Quality of Evidence; Moderate) with associated

shortening in ICU (Quality of Evidence; Moderate) and in hospital

length of stay (Quality of Evidence; Low), favoring enhanced and early

recovery after liver transplantationwith an additional decrease in peak

liver enzymes after surgery (Quality of Evidence; Moderate) (Grade of

recommendation; Strong).

NRP decreases the risk of EAD and PNF associated with a lower

peak in postoperative liver enzymeswhen comparedwith SRRDCD liv-

ers. This favors the use of this technique as part of an enhanced recov-

ery after liver transplantationprotocol (Quality of Evidence; low|Grade

of recommendation; Strong).

The direction and strength of recommendation was rated as strong

for the use of HMP with regard to PRS, EAD, major complications and

length in hospital stay (Table 15).

The direction and strength of recommendation was rated as strong

for the use of NMPwith regard to PRS, EAD, and length in ICU& hospi-

tal stay (Table 16).

The direction and strength of recommendation was rated as strong

for the use of NRPwith regard to EAD and PNF (Table 17).

4 DISCUSSION

The most obvious effect of MP across all technologies is a decrease

in early allograft dysfunction, defined according to Olthoff’s criteria.51

The use of both HMP and NMP produce a lower peak in the postoper-

ative liver enzymes (ALT and AST). The absence of a secondary peak in

liver enzymes after reperfusion would suggest that this is not an arti-

fact washout effect, but rather a reflection of reduced preservation

injury in these organs.21 Parallel to this, both ex-situ liver perfusion

techniques provide a significant degree of protection from PRS whilst

shortening the total length of hospital stay. The mechanism behind

these effects is likely that of reduced ischemia-reperfusion injury sec-

ondary to the restoration of energy through oxygen delivery via ex-situ

MP.3,21,52

The protective advantages of HMP against PRS and EAD are most

apparent when compared with SCS DCD livers.12,22,53 This effect is

mainly seenwhenHMP is applied for 1–2h, possibly due to the restora-

tion of mitochondrial function and the reduction in production of rad-

ical oxygen species.46,54 A graft survival advantage is also seen com-

paredwith SCSDCDgrafts.12,16 The decrease in length of hospital stay
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appears to be associated with fewer major complications in the HMP

group when compared to the DBD’s preserved in SCS. This effect is

primarily seen among studies that use extended criteria DBD grafts,

suggesting that HMP is beneficial not only for DCD grafts but also for

marginal DBD grafts.

NMP appears to provide a significant advantage over SCS by short-

ening both ICU and hospital length of stay. This meta-analysis over-

comes the lack of power seen in individual reports and shows a clear

and statistically significant effect with respect to this key outcome in

the enhanced recovery pathway. Although there is a trend toward a

lower likelihood in major complications, no statistical significance was

shown in the NMP group. This is perhaps due to the heterogeneous

manner in which results are published, resulting in only two articles

being included in this part of the analysis. It is notable that this was not

the primary outcome of these studies, which were therefore not pow-

ered for this purpose.

The main effect of NRP is a decrease in the risk of EAD and PNF in

DCD livers, especially in comparison with organs retrieved using the

SRR technique. This benefit translates to an overall increase in graft

survival when compared to SCS DCD grafts. On the contrary, when

compared to standard DBD grafts, NRP fails to reverse the risk of PNF

and the need for RRT. However, these results must be interpreted with

caution as these findings are extrapolated from a handful of retrospec-

tive low volume studies.

Unfortunately, the degree of major complications according to

Dindo-Clavien is not widely reported in NRP research publications.

Regardless, a significant reduction in important post-transplant events

(such as HAT, biliary complications, graft loss and patient death) is

reported in the largest retrospective study.45

The development of nonanastomotic biliary strictures after liver

transplantation, although highly important, was felt not to be rele-

vant for ERAS given its typical presentation more than three months

after transplantation, hence its exclusion from this systematic review

and meta-analysis. Likewise, other important outcomes like: long term

patient and graft survival, logistics and cost-utility benefit were not

considered given the specific scope of this article on ERAS.

However, the use of NMP appears to be a cost-effective strategy,

specifically by increasing the utilization of donor allografts and thereby

improving the quality-adjusted life years.48,49 Nevertheless, limited

information is available regarding cost-effectiveness for NRP. Yet, this

technology provides a benefit for all abdominal organs at a lower cost

when compared with NMP.50 Likewise, limited information is avail-

able regarding the cost-effectiveness of HMP where further research

is needed to reduce uncertainty.47

Looking forwards, future RCTs are needed to compare the different

perfusion technologies in order to ascertain the degree of effect they

have and determine their individual strengths on specific outcomes

(ClinicalTrials.gov Identifier: NCT04644744).55 Likewise, the advan-

tage of sequential perfusion technologies needs to be explored even

further. The use of NRP followed by either HMP or NMP could have

additional benefits for marginal grafts. Current trials will shape the

future of ex-situMP as a platform for therapeutic drug delivery, aiming

to expand the donor pool to a greater extent. Furthermore, conducting

 13990012, 2022, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ctr.14638 by U

niversiteitsbibliotheek, W
iley O

nline L
ibrary on [09/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



18 of 29 RAMÍREZ-DEL VAL ET AL.

T
A
B
L
E
8

Su
m
m
ar
y
o
ff
in
d
in
gs

le
ad

in
g
to

th
e
q
u
al
it
y
o
fe
vi
d
en

ce
as
se
ss
m
en

t
ac
co
rd
in
g
to

th
e
G
R
A
D
E
ap
p
ro
ac
h

Su
m
m
ar
y
o
fF

in
d
in
gs

H
M
P
vs

D
B
D
&
D
C
D
in
SC

S

N
u
m
b
er

o
fs
tu
d
ie
s

R
C
T

O
b
se
rv
at
io
n
al

co
m
p
ar
at
iv
e

O
b
se
rv
at
io
n
al

n
o
n
-c
o
m
p
ar
at
iv
e

E
ff
ec
t
fr
o
m
co
m
p
ar
at
iv
e

st
u
d
ie
s

Li
m
it
at
io
n
s

In
co
n
si
st
en

cy
In
d
ir
ec
tn
es
s

Im
p
re
ci
si
o
n

P
u
b
lic
at
io
n
B
ia
s

Q
u
al
it
y
o
fE

vi
d
en

ce

(G
R
A
D
E
)

O
u
tc
o
m
e
1
:P
R
S

1
1

1
Lo
w
er

in
in
te
rv
en

ti
o
n

gr
o
u
p

N
o
t
Se
ri
o
u
s

N
o
t
Se
ri
o
u
s

Se
ri
o
u
s

N
o
t
Se
ri
o
u
s

N
o
t
lik
el
y

M
o
d
er
at
e

●
●

●
○

O
u
tc
o
m
e
2
:B
io
ch
em

ic
al
Pa
ra
m
et
er
s

2
9

2
Lo
w
er

in
in
te
rv
en

ti
o
n

gr
o
u
p

N
o
t
Se
ri
o
u
s

N
o
t
Se
ri
o
u
s

Se
ri
o
u
s

N
o
t
Se
ri
o
u
s

N
o
t
lik
el
y

M
o
d
er
at
e

●
●

●
○

O
u
tc
o
m
e
3
:E
A
D

2
8

2
C
le
ar
ly
lo
w
er

in

in
te
rv
en

ti
o
n
gr
o
u
p

N
o
t
Se
ri
o
u
s

N
o
t
se
ri
o
u
s

Se
ri
o
u
s

N
o
t
Se
ri
o
u
s

N
o
t
lik
el
y

M
o
d
er
at
e

●
●

●
○

O
u
tc
o
m
e
4
:P
N
F

2
9

1
N
o
d
if
fe
re
n
ce

b
et
w
ee
n

gr
o
u
p
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

Se
ri
o
u
s

Se
ri
o
u
s

N
o
t
lik
el
y

Lo
w

●
●

○
○

O
u
tc
o
m
e
5
:R
RT

2
7

1
N
o
d
if
fe
re
n
ce

b
et
w
ee
n

gr
o
u
p
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

Se
ri
o
u
s

Se
ri
o
u
s

N
o
t
lik
el
y

Lo
w

●
●

○
○

O
u
tc
o
m
e
6
:I
C
U
le
ng
th

of
st
ay

2
7

1
N
o
d
if
fe
re
n
ce

b
et
w
ee
n

gr
o
u
p
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

Se
ri
o
u
s

Se
ri
o
u
s

N
o
t
lik
el
y

Lo
w

●
●

○
○

O
u
tc
o
m
e
7
:T
ot
al
ho
sp
it
al
le
ng
th

of
st
ay

2
1
0

1
Lo
w
er

in
in
te
rv
en

ti
o
n

gr
o
u
p

N
o
t
se
ri
o
u
s

Se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
lik
el
y

M
o
d
er
at
e

●
●

●
○

O
u
tc
o
m
e
8
:E
ar
ly
co
m
p
lic
at
io
n
s

2
3

1
Lo
w
er

in
in
te
rv
en

ti
o
n

gr
o
u
p
in
m
o
st
st
u
d
ie
s

N
o
t
se
ri
o
u
s

Se
ri
o
u
s

Se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
lik
el
y

Lo
w

●
●

○
○

N
ot
e:
T
h
e
H
M
P
gr
o
u
p
is
m
ai
n
ly
af
fe
ct
ed

in
in
d
ir
ec
tn
es
s
co
n
si
d
er
in
g
th
e
h
et
er
o
ge
n
ei
ty

o
f
th
e
st
u
d
ie
s.
Si
n
gl
e
o
r
d
u
al
hy
p
o
th
er
m
ic
p
er
fu
si
o
n
w
as

ap
p
lie
d
to

ei
th
er

D
B
D
o
r
m
ar
gi
n
al
gr
af
ts

(E
C
-D

B
D
o
r
D
C
D
)
an

d

co
m
p
ar
ed

to
ei
th
er

th
e
sa
m
e
ty
p
e
o
fg
ra
ft
o
r
ag
ai
n
st
a
D
B
D
p
re
se
rv
ed

in
SC

S.

 13990012, 2022, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ctr.14638 by U

niversiteitsbibliotheek, W
iley O

nline L
ibrary on [09/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



RAMÍREZ-DEL VAL ET AL. 19 of 29

T
A
B
L
E
9

Su
m
m
ar
y
o
ff
in
d
in
gs

le
ad

in
g
to

th
e
q
u
al
it
y
o
fe
vi
d
en

ce
as
se
ss
m
en

t
ac
co
rd
in
g
to

th
e
G
R
A
D
E
ap
p
ro
ac
h

Su
m
m
ar
y
o
fF

in
d
in
gs

H
M
P
vs

D
B
D
in
SC

S
Li
ve
rs

N
u
m
b
er

o
fs
tu
d
ie
s

R
C
T

O
b
se
rv
at
io
n
al

co
m
p
ar
at
iv
e

O
b
se
rv
at
io
n
al

n
o
n
-c
o
m
p
ar
at
iv
e

E
ff
ec
t
fr
o
m
co
m
p
ar
at
iv
e

st
u
d
ie
s

Li
m
it
at
io
n
s

In
co
n
si
st
en

cy
In
d
ir
ec
tn
es
s

Im
p
re
ci
si
o
n

P
u
b
lic
at
io
n
B
ia
s

Q
u
al
it
y
o
fE

vi
d
en

ce

(G
R
A
D
E
)

O
u
tc
o
m
e
1
:P
R
S

0
1

1
N
o
d
if
fe
re
n
ce

b
et
w
ee
n

gr
o
u
p
s

Se
ri
o
u
s

N
o
t
Se
ri
o
u
s

N
o
t
Se
ri
o
u
s

Se
ri
o
u
s

N
o
t
lik
el
y

Lo
w

●
●

○
○

O
u
tc
o
m
e
2
:B
io
ch
em

ic
al
Pa
ra
m
et
er
s

1
6

1
Lo
w
er

in
in
te
rv
en

ti
o
n

gr
o
u
p

N
o
t
Se
ri
o
u
s

Se
ri
o
u
s

N
o
t
Se
ri
o
u
s

N
o
t
Se
ri
o
u
s

N
o
t
lik
el
y

M
o
d
er
at
e

●
●

●
○

O
u
tc
o
m
e
3
:E
A
D

1
6

1
Lo
w
er

in
in
te
rv
en

ti
o
n

gr
o
u
p

N
o
t
Se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
Se
ri
o
u
s

N
o
t
Se
ri
o
u
s

N
o
t
lik
el
y

H
ig
h

●
●

●
●

O
u
tc
o
m
e
4
:P
N
F

1
6

0
N
o
d
if
fe
re
n
ce

b
et
w
ee
n

gr
o
u
p
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

Se
ri
o
u
s

N
o
t
lik
el
y

M
o
d
er
at
e

●
●

●
○

O
u
tc
o
m
e
5
:R
RT

1
4

0
N
o
d
if
fe
re
n
ce

b
et
w
ee
n

gr
o
u
p
s

N
o
t
se
ri
o
u
s

Se
ri
o
u
s

N
o
t
se
ri
o
u
s

Se
ri
o
u
s

N
o
t
lik
el
y

Lo
w

●
●

○
○

O
u
tc
o
m
e
6
:I
C
U
le
ng
th

of
st
ay

1
4

0
Lo
w
er

in
in
te
rv
en

ti
o
n

gr
o
u
p
,w

it
h
n
o

st
at
is
ti
ca
ls
ig
n
if
ic
an

ce

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

Se
ri
o
u
s

N
o
t
lik
el
y

M
o
d
er
at
e

●
●

●
○

O
u
tc
o
m
e
7
:T
ot
al
ho
sp
it
al
le
ng
th

of
st
ay

1
7

0
Lo
w
er

in
in
te
rv
en

ti
o
n

gr
o
u
p

N
o
t
se
ri
o
u
s

Se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
lik
el
y

M
o
d
er
at
e

●
●

●
○

O
u
tc
o
m
e
8
:E
ar
ly
co
m
p
lic
at
io
n
s

1
3

0
Lo
w
er

in
in
te
rv
en

ti
o
n

gr
o
u
p
in
m
o
st
st
u
d
ie
s.

N
o
t
se
ri
o
u
s

Se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
lik
el
y

M
o
d
er
at
e

●
●

●
○

 13990012, 2022, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ctr.14638 by U

niversiteitsbibliotheek, W
iley O

nline L
ibrary on [09/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



20 of 29 RAMÍREZ-DEL VAL ET AL.

T
A
B
L
E
1
0

Su
m
m
ar
y
o
ff
in
d
in
gs

le
ad

in
g
to

th
e
q
u
al
it
y
o
fe
vi
d
en

ce
as
se
ss
m
en

t
ac
co
rd
in
g
to

th
e
G
R
A
D
E
ap
p
ro
ac
h

Su
m
m
ar
y
o
fF

in
d
in
gs

H
M
P
vs

D
C
D
in
SC

S

N
u
m
b
er

o
fs
tu
d
ie
s

R
C
T

O
b
se
rv
at
io
n
al

co
m
p
ar
at
iv
e

O
b
se
rv
at
io
n
al

n
o
n
-c
o
m
p
ar
at
iv
e

E
ff
ec
t
fr
o
m

co
m
p
ar
at
iv
e
st
u
d
ie
s

Li
m
it
at
io
n
s

In
co
n
si
st
en

cy
In
d
ir
ec
tn
es
s

Im
p
re
ci
si
o
n

P
u
b
lic
at
io
n

B
ia
s

Q
u
al
it
y
o
f

E
vi
d
en

ce

(G
R
A
D
E
)

O
u
tc
o
m
e
1
:P
R
S

1
0

0
C
le
ar
ly
lo
w
er

in

in
te
rv
en

ti
o
n
gr
o
u
p

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

Se
ri
o
u

N
o
t
lik
el
y

M
o
d
er
at
e

●
●

●
○

O
u
tc
o
m
e
2
:B
io
ch
em

ic
al
Pa
ra
m
et
er
s

1
3

1
C
le
ar
ly
lo
w
er

in

in
te
rv
en

ti
o
n
gr
o
u
p
.

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

Se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
lik
el
y

M
o
d
er
at
e

●
●

●
○

O
u
tc
o
m
e
3
:E
A
D

1
2

1
C
le
ar
ly
lo
w
er

in

in
te
rv
en

ti
o
n
gr
o
u
p

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
lik
el
y

H
ig
h

●
●

●
●

O
u
tc
o
m
e
4
:P
N
F

1
3

1
Lo
w
er

in
in
te
rv
en

ti
o
n

gr
o
u
p
,w

it
h
n
o

st
at
is
ti
ca
ld
if
fe
re
n
ce

N
o
t
se
ri
o
u
s

Se
ri
o
u
s

Se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
lik
el
y

Lo
w

●
●

○
○

O
u
tc
o
m
e
5
:R
RT

1
3

1
N
o
d
if
fe
re
n
ce

b
et
w
ee
n

gr
o
u
p
s

N
o
t
se
ri
o
u
s

Se
ri
o
u
s

Se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
lik
el
y

Lo
w

●
●

○
○

O
u
tc
o
m
e
6
:I
C
U
le
ng
th

of
st
ay

1
3

1
N
o
d
if
fe
re
n
ce

b
et
w
ee
n

gr
o
u
p
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

Se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
lik
el
y

M
o
d
er
at
e

●
●

●
○

O
u
tc
o
m
e
7
:T
ot
al
ho
sp
it
al
le
ng
th

of
st
ay

1
3

1
N
o
d
if
fe
re
n
ce

b
et
w
ee
n

gr
o
u
p
s

N
o
t
se
ri
o
u
s

Se
ri
o
u
s

Se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
lik
el
y

Lo
w

●
●

○
○

O
u
tc
o
m
e
8
:E
ar
ly
co
m
p
lic
at
io
n
s

1
0

1
N
o
d
if
fe
re
n
ce

b
et
w
ee
n

gr
o
u
p
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

Se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
lik
el
y

M
o
d
er
at
e

●
●

●
○

 13990012, 2022, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ctr.14638 by U

niversiteitsbibliotheek, W
iley O

nline L
ibrary on [09/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



RAMÍREZ-DEL VAL ET AL. 21 of 29

T
A
B
L
E
1
1

Su
m
m
ar
y
o
ff
in
d
in
gs

le
ad

in
g
to

th
e
q
u
al
it
y
o
fe
vi
d
en

ce
as
se
ss
m
en

t
ac
co
rd
in
g
to

th
e
G
R
A
D
E
ap
p
ro
ac
h

Su
m
m
ar
y
o
fF

in
d
in
gs

N
M
P
vs

SC
S

N
u
m
b
er

o
fs
tu
d
ie
s

R
C
T

O
b
se
rv
at
io
n
al

co
m
p
ar
at
iv
e

O
b
se
rv
at
io
n
al

n
o
n
-c
o
m
p
ar
at
iv
e

E
ff
ec
t
fr
o
m
co
m
p
ar
at
iv
e

st
u
d
ie
s

Li
m
it
at
io
n
s

In
co
n
si
st
en

cy
In
d
ir
ec
tn
es
s

Im
p
re
ci
si
o
n

P
u
b
lic
at
io
n
B
ia
s

Q
u
al
it
y
o
f

E
vi
d
en

ce

(G
R
A
D
E
)

O
u
tc
o
m
e
1
:P
R
S

2
3

2
Lo
w
er

in
th
e

in
te
rv
en

ti
o
n
gr
o
u
p

N
o
t
se
ri
o
u
s

Se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
lik
el
y

M
o
d
er
at
e

●
●

●
○

O
u
tc
o
m
e
2
:B
io
ch
em

ic
al
Pa
ra
m
et
er
s

2
6

1
Lo
w
er

in
th
e

in
te
rv
en

ti
o
n
gr
o
u
p

N
o
t
se
ri
o
u
s

Se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
lik
el
y

M
o
d
er
at
e

●
●

●
○

O
u
tc
o
m
e
3
:E
A
D

2
5

2
Lo
w
er

in
in
te
rv
en

ti
o
n

gr
o
u
p

N
o
t
se
ri
o
u
s

Se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
lik
el
y

M
o
d
er
at
e

●
●

●
○

O
u
tc
o
m
e
4
:P
N
F

2
5

3
N
o
d
if
fe
re
n
ce

b
et
w
ee
n

gr
o
u
p
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

Se
ri
o
u
s

N
o
t
lik
el
y

M
o
d
er
at
e

●
●

●
○

O
u
tc
o
m
e
5
:R
RT

1
1

1
N
o
d
if
fe
re
n
ce

b
et
w
ee
n

gr
o
u
p
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
lik
el
y

H
ig
h

●
●

●
●

O
u
tc
o
m
e
6
:I
C
U
le
ng
th

of
st
ay

1
5

1
C
le
ar
ly
lo
w
er

in

in
te
rv
en

ti
o
n
gr
o
u
p

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

Se
ri
o
u
s

N
o
t
lik
el
y

M
o
d
er
at
e

●
●

●
○

O
u
tc
o
m
e
7
:T
ot
al
ho
sp
it
al
le
ng
th

of
st
ay

2
5

1
Lo
w
er

in
in
te
rv
en

ti
o
n

gr
o
u
p

N
o
t
se
ri
o
u
s

Se
ri
o
u
s

N
o
t
se
ri
o
u
s

Se
ri
o
u
s

N
o
t
lik
el
y

Lo
w

●
●

○
○

O
u
tc
o
m
e
8
:E
ar
ly
co
m
p
lic
at
io
n
s

1
4

0
N
o
d
if
fe
re
n
ce

b
et
w
ee
n

gr
o
u
p
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

Se
ri
o
u
s

N
o
t
lik
el
y

M
o
d
er
at
e

●
●

●
○

N
ot
e:
T
h
er
e
is
a
m
ild

d
eg
re
e
o
fi
n
co
n
si
st
en

cy
in
ad

d
it
io
n
to

a
lo
w
n
u
m
b
er

o
fp

at
ie
n
ts
in
cl
u
d
ed

ac
ro
ss
so
m
e
o
ft
h
es
e
st
u
d
ie
s
fo
r
a
p
ar
ti
cu
la
r
o
u
tc
o
m
e
af
fe
ct
in
g
im

p
re
ci
si
o
n
.

 13990012, 2022, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ctr.14638 by U

niversiteitsbibliotheek, W
iley O

nline L
ibrary on [09/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



22 of 29 RAMÍREZ-DEL VAL ET AL.

T
A
B
L
E
1
2

Su
m
m
ar
y
o
ff
in
d
in
gs

le
ad

in
g
to

th
e
q
u
al
it
y
o
fe
vi
d
en

ce
as
se
ss
m
en

t
ac
co
rd
in
g
to

th
e
G
R
A
D
E
ap
p
ro
ac
h

Su
m
m
ar
y
o
fF

in
d
in
gs

N
R
P
vs

D
C
D
&
D
B
D

N
u
m
b
er

o
fs
tu
d
ie
s

R
C
T

O
b
se
rv
at
io
n
al

co
m
p
ar
at
iv
e

O
b
se
rv
at
io
n
al

n
o
n
-c
o
m
p
ar
at
iv
e

E
ff
ec
t
fr
o
m
co
m
p
ar
at
iv
e

st
u
d
ie
s

Li
m
it
at
io
n
s

In
co
n
si
st
en

cy
In
d
ir
ec
tn
es
s

Im
p
re
ci
si
o
n

P
u
b
lic
at
io
n
B
ia
s

Q
u
al
it
y
o
fE

vi
d
en

ce

(G
R
A
D
E
)

O
u
tc
o
m
e
1
:P
R
S

0
1

1
Lo
w
er

in
in
te
rv
en

ti
o
n

gr
o
u
p
,w

it
h
n
o

st
at
is
ti
ca
ls
ig
n
if
ic
an

ce

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

V
er
y
se
ri
o
u
s

N
o
t
lik
el
y

Lo
w

●
●

○
○

O
u
tc
o
m
e
2
:B
io
ch
em

ic
al
Pa
ra
m
et
er
s

0
6

2
N
o
cl
ea
r
d
if
fe
re
n
ce

b
et
w
ee
n
gr
o
u
p
s

Se
ri
o
u
s

Se
ri
o
u
s

Se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
lik
el
y

V
er
y
lo
w

●
○

○
○

O
u
tc
o
m
e
3
:E
A
D

0
7

3
C
le
ar
ly
lo
w
er

in

in
te
rv
en

ti
o
n
gr
o
u
p

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

Se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
lik
el
y

M
o
d
er
at
e

●
●

●
○

O
u
tc
o
m
e
4
:P
N
F

0
8

3
Lo
w
er

in
in
te
rv
en

ti
o
n

gr
o
u
p

Se
ri
o
u
s

N
o
t
se
ri
o
u
s

Se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
lik
el
y

Lo
w

●
●

○
○

O
u
tc
o
m
e
5
:R
RT

0
1

1
H
ig
h
er

in
th
e
in
te
rv
en

ti
o
n

gr
o
u
p
.

V
er
y
se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

Se
ri
o
u
s

N
o
t
lik
el
y

V
er
y
lo
w

●
○

○
○

O
u
tc
o
m
e
6
:I
C
U
le
ng
th

of
st
ay

0
4

3
N
o
d
if
fe
re
n
ce

b
et
w
ee
n

gr
o
u
p
s

Se
ri
o
u
s

N
o
t
se
ri
o
u
s

Se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
lik
el
y

Lo
w

●
●

○
○

O
u
tc
o
m
e
7
:T
ot
al
ho
sp
it
al
le
ng
th

of
st
ay

0
3

3
N
o
d
if
fe
re
n
ce

b
et
w
ee
n

gr
o
u
p
s

Se
ri
o
u
s

N
o
t
se
ri
o
u
s

Se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
lik
el
y

Lo
w

●
●

○
○

N
ot
e:
Li
m
it
at
io
n
s
w
er
e
fo
u
n
d
to

b
e
se
ri
o
u
s
o
r
ve
ry

se
ri
o
u
s
fo
r
th
e
N
R
P
gr
o
u
p
co
n
si
d
er
in
g
th
e
re
tr
o
sp
ec
ti
ve

n
at
u
re

o
ft
h
e
st
u
d
ie
s
fo
r
ea
ch

in
d
iv
id
u
al
o
u
tc
o
m
e.
T
h
er
e
ar
e
o
n
ly
a
fe
w
p
ro
sp
ec
ti
ve

co
h
o
rt
s
w
it
h
m
at
ch
ed

co
n
tr
o
ls
av
ai
la
b
le
am

o
n
g
th
e
p
u
b
lis
h
ed

lit
er
at
u
re
.

 13990012, 2022, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ctr.14638 by U

niversiteitsbibliotheek, W
iley O

nline L
ibrary on [09/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



RAMÍREZ-DEL VAL ET AL. 23 of 29

T
A
B
L
E
1
3

Su
m
m
ar
y
o
ff
in
d
in
gs

le
ad

in
g
to

th
e
q
u
al
it
y
o
fe
vi
d
en

ce
as
se
ss
m
en

t
ac
co
rd
in
g
to

th
e
G
R
A
D
E
ap
p
ro
ac
h

Su
m
m
ar
y
o
fF

in
d
in
gs

N
R
P
vs

SR
R
D
C
D

N
u
m
b
er

o
fs
tu
d
ie
s

R
C
T

O
b
se
rv
at
io
n
al

co
m
p
ar
at
iv
e

O
b
se
rv
at
io
n
al

n
o
n
-c
o
m
p
ar
at
iv
e

E
ff
ec
t
fr
o
m
co
m
p
ar
at
iv
e

st
u
d
ie
s

Li
m
it
at
io
n
s

In
co
n
si
st
en

cy
In
d
ir
ec
tn
es
s

Im
p
re
ci
si
o
n

P
u
b
lic
at
io
n
B
ia
s

Q
u
al
it
y
o
fE

vi
d
en

ce

(G
R
A
D
E
)

O
u
tc
o
m
e
1
:P
R
S

0
1

1
Lo
w
er

in
in
te
rv
en

ti
o
n

gr
o
u
p
,w

it
h
n
o

st
at
is
ti
ca
ls
ig
n
if
ic
an

ce

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

V
er
y
se
ri
o
u
s

N
o
t
lik
el
y

Lo
w

●
●

○
○

O
u
tc
o
m
e
2
:B
io
ch
em

ic
al
Pa
ra
m
et
er
s

0
2

2
C
le
ar
ly
Lo
w
er

in

in
te
rv
en

ti
o
n
gr
o
u
p

Se
ri
o
u
s

Se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
lik
el
y

Lo
w

●
●

○
○

O
u
tc
o
m
e
3
:E
A
D

0
4

3
C
le
ar
ly
lo
w
er

in

in
te
rv
en

ti
o
n
gr
o
u
p

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
lik
el
y

H
ig
h

●
●

●
●

O
u
tc
o
m
e
4
:P
N
F

0
4

3
Lo
w
er

in
in
te
rv
en

ti
o
n

gr
o
u
p

Se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
lik
el
y

M
o
d
er
at
e

●
●

●
○

O
u
tc
o
m
e
6
:I
C
U
le
ng
th

of
st
ay

0
1

3
N
o
d
if
fe
re
n
ce

b
et
w
ee
n

gr
o
u
p
s

V
er
y
se
ri
o
u
s

N
o
t
se
ri
o
u
s

Se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
lik
el
y

V
er
y
lo
w

●
○

○
○

O
u
tc
o
m
e
7
:T
ot
al
ho
sp
it
al
le
ng
th

of
st
ay

0
1

3
N
o
d
if
fe
re
n
ce

b
et
w
ee
n

gr
o
u
p
s

V
er
y
se
ri
o
u
s

N
o
t
se
ri
o
u
s

Se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
lik
el
y

V
er
y
lo
w

●
○

○
○

 13990012, 2022, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ctr.14638 by U

niversiteitsbibliotheek, W
iley O

nline L
ibrary on [09/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



24 of 29 RAMÍREZ-DEL VAL ET AL.

T
A
B
L
E
1
4

Su
m
m
ar
y
o
ff
in
d
in
gs

le
ad

in
g
to

th
e
q
u
al
it
y
o
fe
vi
d
en

ce
as
se
ss
m
en

t
ac
co
rd
in
g
to

th
e
G
R
A
D
E
ap
p
ro
ac
h

Su
m
m
ar
y
o
ff
in
d
in
gs

N
R
P
vs

D
B
D
SC

S

N
u
m
b
er

o
fs
tu
d
ie
s

R
C
T

O
b
se
rv
at
io
n
al

co
m
p
ar
at
iv
e

O
b
se
rv
at
io
n
al

n
o
n
-c
o
m
p
ar
at
iv
e

E
ff
ec
t
fr
o
m

co
m
p
ar
at
iv
e
st
u
d
ie
s

Li
m
it
at
io
n
s

In
co
n
si
st
en

cy
In
d
ir
ec
tn
es
s

Im
p
re
ci
si
o
n

P
u
b
lic
at
io
n

B
ia
s

Q
u
al
it
y
o
f

E
vi
d
en

ce

(G
R
A
D
E
)

O
u
tc
o
m
e
2
:B
io
ch
em

ic
al
Pa
ra
m
et
er
s

0
4

o
N
o
d
if
fe
re
n
ce

b
et
w
ee
n

gr
o
u
p
s

Se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
lik
el
y

M
o
d
er
at
e

●
●

●
○

O
u
tc
o
m
e
3
:E
A
D

0
3

0
Lo
w
er

in
in
te
rv
en

ti
o
n

gr
o
u
p
w
it
h
n
o

st
at
is
ti
ca
l

si
gn

if
ic
an

ce
.

Se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
lik
el
y

M
o
d
er
at
e

●
●

●
○

O
u
tc
o
m
e
4
:P
N
F

0
4

0
H
ig
h
er

in
in
te
rv
en

ti
o
n

gr
o
u
p

Se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

Se
ri
o
u
s

N
o
t
lik
el
y

Lo
w

●
●

○
○

O
u
tc
o
m
e
5
:R
RT

0
1

1
H
ig
h
er

in
th
e

in
te
rv
en

ti
o
n
gr
o
u
p
.

V
er
y
se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

Se
ri
o
u
s

N
o
t
lik
el
y

V
er
y
lo
w

●
○

○
○

O
u
tc
o
m
e
6
:I
C
U
le
ng
th

of
st
ay

0
3

0
N
o
d
if
fe
re
n
ce

b
et
w
ee
n

gr
o
u
p
s

Se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
lik
el
y

M
o
d
er
at
e

●
●

●
○

O
u
tc
o
m
e
7
:T
ot
al
ho
sp
it
al
le
ng
th

of
st
ay

0
2

0
N
o
d
if
fe
re
n
ce

b
et
w
ee
n

gr
o
u
p
s

Se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
u
s

N
o
t
lik
el
y

M
o
d
er
at
e

●
●

●
○

 13990012, 2022, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ctr.14638 by U

niversiteitsbibliotheek, W
iley O

nline L
ibrary on [09/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



RAMÍREZ-DEL VAL ET AL. 25 of 29

T
A
B
L
E
1
5

H
M
P
-E
vi
d
en

ce
to

re
co
m
m
en

d
at
io
n
fr
am

ew
o
rk

ac
co
rd
in
g
to

th
e
G
R
A
D
E
ap
p
ro
ac
h

Q
u
es
ti
o
n
:D

o
es

hy
p
o
th
er
m
ic
m
ac
h
in
e
p
er
fu
si
o
n
im

p
ro
ve

im
m
ed

ia
te

an
d
sh
o
rt
-t
er
m
o
u
tc
o
m
es

by
en

h
an
ci
n
g
gr
af
t
fu
n
ct
io
n
an
d
re
ci
p
ie
n
t
re
co
ve
ry

af
te
r
liv
er

tr
an
sp
la
n
ta
ti
o
n
?

Ju
d
ge
m
en

t

D
ec
is
io
n
d
o
m
ai
n

Y
es

N
o

R
ea
so
n
fo
r
Ju
d
ge
m
en

t

B
al
an

ce
b
et
w
ee
n
d
es
ir
ab

le
an

d
u
n
d
es
ir
ab

le
o
u
tc
o
m
es

(e
st
im

at
ed

ef
fe
ct
s)
,w

it
h

co
n
si
d
er
at
io
n
o
fv
al
u
es

an
d
p
re
fe
re
n
ce
s
(e
st
im

at
ed

ty
p
ic
al
)

G
iv
en

th
e
be
st
es
ti
m
at
e
of
ty
pi
ca
lv
al
ue
sa

nd
pr
ef
er
en
ce
s,
ar
e
yo
u
co
nf
id
en
tt
ha
tt
he

be
ne
fit
so

ut
w
ei
gh

th
e
ha
rm

sa
nd

bu
rd
en

or
vi
ce

ve
rs
a?

✓
N
o
ev
id
en

t
h
ar
m
w
as

id
en

ti
fi
ed

w
it
h
th
e
u
se

o
fH

M
P.
O
n
ly
o
n
e
st
u
d
y
id
en

ti
fi
ed

an

in
cr
ea
se

in
LO

S
w
h
ic
h
re
fl
ec
te
d
d
if
fe
re
n
t
d
is
ch
ar
ge

p
o
lic
ie
s
w
it
h
n
o
d
if
fe
re
n
ce

in

co
m
p
lic
at
io
n
s.
4
6

C
o
n
fi
d
en

ce
in
th
e
m
ag
n
it
u
d
e
o
fe
st
im

at
es

o
fe
ff
ec
t
o
ft
h
e
in
te
rv
en

ti
o
n
s
o
n
im

p
o
rt
an

t

o
u
tc
o
m
es

(o
ve
ra
ll
q
u
al
it
y
o
fe
vi
d
en

ce
fo
r
o
u
tc
o
m
es
)

Is
th
er
e
hi
gh
,m

od
er
at
e
or
lo
w
-q
ua
lit
y
ev
id
en
ce
?

✓
H
ig
h
q
u
al
it
y
ev
id
en

ce
w
it
h
b
o
th

R
C
T
an

d
p
ro
sp
ec
ti
ve

m
at
ch
ed

co
h
o
rt
s.

C
o
n
fi
d
en

ce
in
V
al
u
es

an
d
P
re
fe
re
n
ce
,a
n
d
th
ei
r
V
ar
ia
b
ili
ty

A
re
yo
u
co
nf
id
en
ta
bo
ut
th
e
ty
pi
ca
lv
al
ue
sa

nd
pr
ef
er
en
ce
sa

nd
ar
e
th
ey

si
m
ila
ra
cr
os
st
he

ta
rg
et
po
pu
la
ti
on
?

✓
R
ec
o
m
m
en

d
at
io
n
s
w
er
e
b
as
ed

o
n
o
u
r
m
et
a-
an

al
ys
is
.

R
es
o
u
rc
e
im

p
lic
at
io
n
s

A
re
th
e
re
so
ur
ce
sw

or
th

th
e
ex
pe
ct
ed

ne
tb
en
ef
it
fr
om

fo
llo
w
in
g
th
e
re
co
m
m
en
da
ti
on
?

✓
Li
m
it
ed

in
fo
rm

at
io
n
is
av
ai
la
b
le
re
ga
rd
in
g
co
st
-e
ff
ec
ti
ve
n
es
s.
Fu

rt
h
er

re
se
ar
ch

is

n
ee
d
ed

to
re
d
u
ce

u
n
ce
rt
ai
n
ty
.4
7

O
ve
ra
ll
Q
u
al
it
y
o
fE

vi
d
en

ce
:M

o
d
er
at
e

R
ec
o
m
m
en

d
at
io
n
:S
tr
o
n
g
fo
r
th
e
in
te
rv
en

ti
o
n

T
A
B
L
E
1
6

N
M
P
-E
vi
d
en

ce
to

re
co
m
m
en

d
at
io
n
fr
am

ew
o
rk

ac
co
rd
in
g
to

th
e
G
R
A
D
E
ap
p
ro
ac
h

Q
u
es
ti
o
n
:D

o
es

n
o
rm

o
th
er
m
ic
m
ac
h
in
e
p
er
fu
si
o
n
im

p
ro
ve

im
m
ed

ia
te

an
d
sh
o
rt
-t
er
m
o
u
tc
o
m
es

by
en

h
an
ci
n
g
gr
af
t
fu
n
ct
io
n
an
d
re
ci
p
ie
n
t
re
co
ve
ry

af
te
r
liv
er

tr
an
sp
la
n
ta
ti
o
n
?

Ju
d
ge
m
en

t

D
ec
is
io
n
d
o
m
ai
n

Y
es

N
o

R
ea
so
n
fo
r
Ju
d
ge
m
en

t

B
al
an

ce
b
et
w
ee
n
d
es
ir
ab

le
an

d
u
n
d
es
ir
ab

le
o
u
tc
o
m
es

(e
st
im

at
ed

ef
fe
ct
s)
,w

it
h
co
n
si
d
er
at
io
n
o
f

va
lu
es

an
d
p
re
fe
re
n
ce
s
(e
st
im

at
ed

ty
p
ic
al
)

G
iv
en

th
e
be
st
es
ti
m
at
e
of
ty
pi
ca
lv
al
ue
sa

nd
pr
ef
er
en
ce
s,
ar
e
yo
u
co
nf
id
en
tt
ha
tt
he

be
ne
fit
so

ut
w
ei
gh

th
e
ha
rm

sa
nd

bu
rd
en

or
vi
ce

ve
rs
a?

✓
N
o
ev
id
en

t
h
ar
m
w
as

id
en

ti
fi
ed

w
it
h
th
e
u
se

o
fN

M
P.
Is
o
la
te
d

re
p
o
rt
s
o
fm

ac
h
in
e
d
is
fu
n
ct
io
n
h
av
e
n
o
t
le
d
to

a
p
o
o
r
o
u
tc
o
m
e.

C
o
n
fi
d
en

ce
in
th
e
m
ag
n
it
u
d
e
o
fe
st
im

at
es

o
fe
ff
ec
t
o
ft
h
e
in
te
rv
en

ti
o
n
s
o
n
im

p
o
rt
an

t
o
u
tc
o
m
es

(o
ve
ra
ll
q
u
al
it
y
o
fe
vi
d
en

ce
fo
r
o
u
tc
o
m
es
)

Is
th
er
e
hi
gh
,m

od
er
at
e
or
lo
w
-q
ua
lit
y
ev
id
en
ce
?

✓
H
ig
h
q
u
al
it
y
ev
id
en

ce
w
it
h
b
o
th

R
C
T
an

d
p
ro
sp
ec
ti
ve

m
at
ch
ed

co
h
o
rt
s.

C
o
n
fi
d
en

ce
in
V
al
u
es

an
d
P
re
fe
re
n
ce
,a
n
d
th
ei
r
V
ar
ia
b
ili
ty

A
re
yo
u
co
nf
id
en
ta
bo
ut
th
e
ty
pi
ca
lv
al
ue
sa

nd
pr
ef
er
en
ce
sa

nd
ar
e
th
ey

si
m
ila
ra
cr
os
st
he

ta
rg
et

po
pu
la
ti
on
?

✓
R
ec
o
m
m
en

d
at
io
n
s
w
er
e
b
as
ed

o
n
o
u
r
m
et
a-
an

al
ys
is
.

R
es
o
u
rc
e
im

p
lic
at
io
n
s

A
re
th
e
re
so
ur
ce
sw

or
th

th
e
ex
pe
ct
ed

ne
tb
en
ef
it
fr
om

fo
llo
w
in
g
th
e
re
co
m
m
en
da
ti
on
?

✓
T
h
e
u
se

o
fN

M
P
is
a
co
st
-e
ff
ec
ti
ve

st
ra
te
gy
,s
p
ec
if
ic
al
ly
by

in
cr
ea
si
n
g
th
e
u
ti
liz
at
io
n
o
fd

o
n
o
r
al
lo
gr
af
ts
an

d
im

p
ro
vi
n
g

q
u
al
it
y-
ad

ju
st
ed

lif
e
ye
ar
s.
4
8
,4
9

O
ve
ra
ll
Q
u
al
it
y
o
fE

vi
d
en

ce
:M

o
d
er
at
e

R
ec
o
m
m
en

d
at
io
n
:S
tr
o
n
g
fo
r
th
e
in
te
rv
en

ti
o
n

 13990012, 2022, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ctr.14638 by U

niversiteitsbibliotheek, W
iley O

nline L
ibrary on [09/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



26 of 29 RAMÍREZ-DEL VAL ET AL.

T
A
B
L
E
1
7

N
R
P
-E
vi
d
en

ce
to

re
co
m
m
en

d
at
io
n
fr
am

ew
o
rk

ac
co
rd
in
g
to

th
e
G
R
A
D
E
ap
p
ro
ac
h

Q
u
es
ti
o
n
:D

o
es

n
o
rm

o
th
er
m
ic
re
gi
o
n
al
p
er
fu
si
o
n
im

p
ro
ve

im
m
ed

ia
te

an
d
sh
o
rt
-t
er
m
o
u
tc
o
m
es

by
en

h
an
ci
n
g
gr
af
t
fu
n
ct
io
n
an
d
re
ci
p
ie
n
t
re
co
ve
ry

af
te
r
liv
er

tr
an
sp
la
n
ta
ti
o
n
?

Ju
d
ge
m
en

t

D
ec
is
io
n
d
o
m
ai
n

Y
es

N
o

R
ea
so
n
fo
r
Ju
d
ge
m
en

t

B
al
an

ce
b
et
w
ee
n
d
es
ir
ab

le
an

d
u
n
d
es
ir
ab

le
o
u
tc
o
m
es

(e
st
im

at
ed

ef
fe
ct
s)
,w

it
h

co
n
si
d
er
at
io
n
o
fv
al
u
es

an
d
p
re
fe
re
n
ce
s
(e
st
im

at
ed

ty
p
ic
al
)

G
iv
en

th
e
be
st
es
ti
m
at
e
of
ty
pi
ca
lv
al
ue
sa

nd
pr
ef
er
en
ce
s,
ar
e
yo
u
co
nf
id
en
tt
ha
tt
he

be
ne
fit
s

ou
tw
ei
gh

th
e
ha
rm

sa
nd

bu
rd
en

or
vi
ce

ve
rs
a?

✓
N
o
ev
id
en

t
h
ar
m
w
as

id
en

ti
fi
ed

w
it
h
th
e
u
se

o
f

N
R
P.

C
o
n
fi
d
en

ce
in
th
e
m
ag
n
it
u
d
e
o
fe
st
im

at
es

o
fe
ff
ec
t
o
ft
h
e
in
te
rv
en

ti
o
n
s
o
n
im

p
o
rt
an

t

o
u
tc
o
m
es

(o
ve
ra
ll
q
u
al
it
y
o
fe
vi
d
en

ce
fo
r
o
u
tc
o
m
es
)

Is
th
er
e
hi
gh
,m

od
er
at
e
or
lo
w
-q
ua
lit
y
ev
id
en
ce
?

✓
O
n
ly
2
,o
u
t
o
f1

3
st
u
d
ie
s,
ar
e
p
ro
sp
ec
ti
ve

co
m
p
ar
at
iv
e
co
h
o
rt
s.
T
h
e
re
st
ar
e

re
tr
o
sp
ec
ti
ve

st
u
d
ie
s.

C
o
n
fi
d
en

ce
in
V
al
u
es

an
d
P
re
fe
re
n
ce
,a
n
d
th
ei
r
V
ar
ia
b
ili
ty

A
re
yo
u
co
nf
id
en
ta
bo
ut
th
e
ty
pi
ca
lv
al
ue
sa

nd
pr
ef
er
en
ce
sa

nd
ar
e
th
ey

si
m
ila
ra
cr
os
st
he

ta
rg
et
po
pu
la
ti
on
?

✓
R
ec
o
m
m
en

d
at
io
n
s
w
er
e
b
as
ed

o
n
o
u
r

m
et
a-
an

al
ys
is

R
es
o
u
rc
e
im

p
lic
at
io
n
s

A
re
th
e
re
so
ur
ce
sw

or
th

th
e
ex
pe
ct
ed

ne
tb
en
ef
it
fr
om

fo
llo
w
in
g
th
e
re
co
m
m
en
da
ti
on
?

✓
Li
m
it
ed

in
fo
rm

at
io
n
is
av
ai
la
b
le
re
ga
rd
in
g

co
st
-e
ff
ec
ti
ve
n
es
s.
Ye

t,
N
R
P
p
ro
vi
d
es

a
b
en

ef
it

fo
r
al
la
b
d
o
m
in
al
o
rg
an

s
at

a
lo
w
er

co
st
w
h
en

co
m
p
ar
ed

w
it
h
N
M
P.
5
0

O
ve
ra
ll
Q
u
al
it
y
o
fE

vi
d
en

ce
:L
o
w

R
ec
o
m
m
en

d
at
io
n
:S
tr
o
n
g
fo
r
th
e
in
te
rv
en

ti
o
n

 13990012, 2022, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ctr.14638 by U

niversiteitsbibliotheek, W
iley O

nline L
ibrary on [09/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



RAMÍREZ-DEL VAL ET AL. 27 of 29

randomized trials on NRP is highly encouraged even though it is now

considered standard practice for DCDs in France, Spain and parts of

Italy.

4.1 Limitations

This meta-analysis is limited by some of the studies’ data reported in

medians and IQR, which precluded its analysis. In addition, the analy-

sis of certain outcomes was limited by the nature of how these were

reported. The development of major complications, for example, was

reported in myriad ways. Likewise, graft and patient survivals were

reported in different time ranges, making a 3-month survival analy-

sis unfeasible. Lastly, most of the studies included in this systematic

review were not powered and/or designed to reach a conclusion for

most of the outcomes we assessed in this manuscript, making a meta-

analysis necessary for conclusive recommendations. Moreover, most

of the analyzed outcomes for the NRP studies are retrospective while

some of them have overlapping cohorts.

5 CONCLUSION

High-quality evidence for ex-situ MP, accompanied by many other

prospective and retrospective studies, provides sufficient support for

the use of these technologies to achieve the specific outcomes associ-

ated with an enhanced recovery program.

Both HMP and NMP technologies diminish the risk of PRS and EAD

accompanied by a shorter length in hospital stay.

Whilst the overall QOE for NRP is lower than that for ex-situ MP

techniques, the findings from large retrospective studies are consistent

in demonstrating a clear benefit associatedwith the use of this technol-

ogy and support its use to improve certain outcomes like EAD and PNF

associated with an enhanced recovery program.
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