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Supplementary Appendix

List of Participating Transplant Centers (Centers and Names)

Austria (4 centers, 17 recipients) kandeskrankenhaus Graz: H. Mduller, H. Holzer;
Universitatsklinik far Chirurgie Innsbruck: R. Margreiter, C. Bosmiuller, W. Mark, H.
Fetz; Allgemeines Krankenhaus der Stadt Linz: C. Gross, B. Schmekahllgemeines

Krankenhaus Wien: F. Muhlbacher, I. Kristo, M. Pones, G. Gydri.

Belgium (7 centers, 183 recipients)Jiversitair Ziekenhuis Antwerpen: D. Ysebaert, J.L.
Bosmans, G. Van Beeumen, W. Van Donidkijversitair Ziekenhuis Brussel: J. Lamote, J.
Sennesael, B. AmerijckxHopital Erasme Bruxelles: A.D. Hoang, D. Mikhalski, D.
Abramovicz, V. Brulein; Universitair Ziekenhuis Gent: C. Randon, P. Peeters, M.
VanderVennetCliniques Universitaires St. Luc Bruxelles:M. Mourad, M. de Meyer, J.
Malaise, L. De PauwCentre Hospitalier Universitaire Liege: J.P. Squifflet, L. Weekers, O.
Detry, M.H. Delbouille;Universitaire Ziekenhuizen Leuven:J. Pirenne, Y. Vanrenterghem,

F. van Gelder, B. Desschans.

Germany (38 centers, 327 recipients) Universitatsklinikum Aachen: G. Jakse, D.
Rohrmann, J. Floege, A. Homburnappschaftskrankenhaus Bochum:R. Viebahn, O.
Vonend, P. Schenker, A. Wunschluniversitatsklinik Bonn: S.C. Miller, H. Klehr;
Universitatsklinikkum Dusseldorf: W. Sandmann, K. Ivens, A. Voiculescu, K. Balser;
Universitatsklinikum Essen: A. Paul, O. Witzke, J. Treckmann, A. Jonait-Borkagen;
Medizinische Universitatsklinik KdIn-Lindenthal: D. Stippel, Th. Benzing, K. Prenzel, B.
Hoppe; Stadtische Krankenanstalten Koln-Merheim: M. Strohlein, W. Arns, R.
Hackenberg, U. LangalNestfalische WU Klinikum Munster. H. Wolters, B. Suwelack;
Zentralklinikum Augsburg: E. Nagel, H. Weihprecht, R. Eser, T. BreidenbaCharité
Berlin - Campus Benjamin Franklin: K. Miller, M. Van der Giet, E. Krusic, M. Tdlle;
Charité Berlin - Campus Mitte: F. Fuller, K. BuddeCharité Berlin - Campus Virchow: J.
Pratschke, P. Reinke, Th. MehlitZentralkrankenhaus Bremen: S. Melchior, F.A.
Zantvoort, Ch. Bahrs, S. Meietniversitatsklinikum Carl Gustav Carus Dresden: M.
Wirth, P. Gross, S. Leike, J. Passemédmikum der JW Goethe Universitat Frankfurt:

M. Probst, E.-H. ScheuermanKjinikum der AL Universitat Freiburg: P. Pisarski, P.
Gerke, M. Geyer, S. HilsUJniversitatsklinikum Halle: A. Hamza, O. Rettkowski, K.



Fischer, A. HaberlandKlinikum der Universitdt Heidelberg: J. Schmidt, M. Zeier, B.
Schmied, C. SommereNephrologisches Zentrum Niedersachsend. Kuster, V. Kliem;
Medizinische Hochschule Hannover:F. Lehner, A. Schwarz, M. Hiss, N. Mogilewskaja;
Universitatsklinik des Saarlandes Homburg/Saar:M. Stockle, M. Girndt, M. Janssen, U.
Sester;Medizinische Fakultat/Klinikum Jena: Th. Steiner, O.H. Undine, J. Schubert, G.
Wolf; Universitatsklinikum Schleswig-Holstein Kiel: D.C. Bréring, U. Kunzendorf, P.
Glass, F. BraunWestpfalz-Klinikum Kaiserslautern: W. Seybold-Epting, Th. Rath, A.
Dahms; Universitatskrankenhaus Leipzig: J. Hauss, P. Martin, D. Weinert;
Universitatsklinikum Schleswig-Holstein Lubeck: C. Burk, M. NitschkeKlinikum der
Stadt Mannheim: M. Schwarzbach, P. Schnull&linikum Rechts der Isar Minchen:
M.C. Raggi; Klinikum Grosshadern Munchen: W.-D. lllner, M. Rentsch;Klinikum
Lahnberge Marburg/Lahn: J. Geks, U. Kuhlmann, T. Maier, J. Hoy&tinikum der Joh.
Gutenberg Universitat Mainz: J. Thiroff, O. Schreiner, J. Jones, K. Allers;
Universitatskrankenhaus Erlangen-Nurnberg: G. Schott, Ch. Hugo, K. Pressmar, K.
Hirsch; Medizinische Fakultdt Rostock: K. Stein, M. Burde; Katharinenhospital
Stuttgart: M. Schock, G. Hasche, Ch. Olbricht, M. Kal@hirurgische Universitatsklinik
Tubingen: W. Steurer, N. Heyne, Ch. Thiel, K. Knubbé&miversitatskrankenhaus Ulm: J.
Mayer, F. Keller, C. Brockschmidt, S. StrackKjinikum der Bayerischen J-M-U
Wirzburg: K. Lopau, R. Bonfig.

Luxemburg (1 center, 4 recipients)Gentre Hospitalier de Luxembourg: S. Lamy, P.
Duhoux, E. Tasch, J. De Sousa.

The Netherlands (8 centers, 136 recipient®ycademisch Medisch Centrum Amsterdam:
M.M. Idu, F.J. Bemelman, I. ten Berge, K. van Ddaage Universitair Medisch Centrum
Groningen: H.S. Hofker, V.B. Nieuwenhuijs, C. Krikke, M. vdbijk; Leids Universitair
Medisch Centrum: J. Ringers, A.F.M. Schaapherder, JW. de Fijter, Dlibbeld;
Academisch Ziekenhuis Maastricht:E. van Heurn, J. van Hooff, M. ChristiaatyIC St.
Radboud Nijmegen: J.A. van der Vliet, A.J. HoitsmaErasmus Medisch Centrum
Rotterdam: J.N.M. Yzermans, W. Weimar, J. Kal-van Gestdniversitair Medisch
Centrum Utrecht: R.W.H. van Reedt Dortland, R.J. Hené, V. Leydegk€r. van Straalen;
Wilhelmina Kinderziekenhuis Utrecht: M.R. Lilien.

Slovenia (1 center, 5 recipients) Yniversity Medical Center Ljubljana: D. Kovac.



Ethics Committee Approval

Approval for the study was obtained from ethicalea boards in each trial region, and from
the Eurotransplant Ethical Advisory Committee anidin€y Advisory Committee. As the
randomized intervention was limited to isolatedamg before transplantation, according to
national laws no informed consent from recipiengswequired. In addition, ethical rationale
for not requiring informed consent for the orgaegarvation method was as follows: At the
moment of randomization, as well as at the timenpat which the randomized intervention
had to be initiated, most kidneys woud not yet lbecated to a potential recipient. Therefore,
it would not be possible to obtain informed condeotn the recipient before these important
time points. As soon as organ allocation was knaveninformed consent could be obtained
from the potential recipient, as most national laliesate a 24-hour consideration period, and
it would be medically unacceptable to delay traastation for this reason only. Moreover,
should the potential recipient decide not to giwv®imed consent, this would automatically
imply that he or she would not receive the kidrees/the randomized intervention was already
in progress at that moment. This would lead tothitally unacceptable dilemma.

Two ethics committees (University Hospital Ghentd adniversity Hospital of Leuven,
Belgium) ruled that informed consent would be reegiito obtain follow-up data from
recipients after transplantation in these hospitats this was a prospective study. This
decision was respected by the steering committéleerGethics committees did not require
specific informed consent for this study’s follow-wata retrieval, since the prospective
randomized intervention was limited to isolatedamrg before allocation, and no more than
standard clinical data were collected retrospelstivathout additional requirements due to

the study that would affect the patient.

Randomization Process

To avoid regional imbalances between the two sardys due to slightly different allocation
algorithms, a randomization scheme based on pedhiteks within regions was used with
separate randomization lists for each of the thrig regions. Randomization lists were
available only to the 24-hour Eurotransplant dudgld Upon report of a kidney donor, the
allocation officer first checked its eligibility dnthen assigned the left kidney to treatment
with either machine perfusion or cold storage fellty one of the three randomization
schemes, which automatically assigned the righhdydto preservation with the other
method. Then both kidneys were offered accordingheomatch list, without revealing the
preservation method. Only if the kidney assigned@omachine perfused had a too small



aortic patch or too many renal arteries preven@ngeliable connection to the machine
perfusion device were surgical teams allowed tactwpreservation methods during organ

procurement, thus frustrating randomization.

Trial Safety Board

To prevent any bias in clinical decisions aboun$manting or discarding an organ, machine
perfusion dynamics data — such as intravasculastaese and flow readings — were never
revealed to the transplant team. A safety boardexgferienced transplant surgeons was
established and consulted on three occasions: ¢nowt of three cases it felt the need to
reveal machine perfusion dynamics data to the mmuipcenter. In both of these cases the
recipient centers saw no reason to discard thendogaed on the additional information and

transplanted the kidney.

Prespecified Covariates for the Logistic Regressioand Cox Regression Analysis
* Machine perfusion vs. cold storage
» Panel-reactive antibody level (%)
* Recipient age (yr)
» Donor age (yr)
» Expanded criteria donor vs. standard criteria donor
» Cold ischemic time (h)
* HLA mismatches (no.)
» Duration of pretransplantation dialysis (yr)
* Retransplantation vs. first transplantation

* Non-heart beating donor vs. heart beating donor

Additional Non-Heart Beating Donor Inclusions

In September 2006, when donor inclusions into thdyswere nearly complete, the scientific
steering committee expected that insufficient nearhbeating donors would be enrolled at
trial completion to conduct a meaningful subgrounalgsis for this donation type. At the

suggestion of the steering committee and with p&sion of all centers, inclusions of only

non-heart beating donors were extended, untilad tft82 were enrolled on 17 August 2007.
Fig. S1 and Table S1 in this appendix present as@ormliagram and demographics for the

two eras of non-heart beating donor inclusionselgdbr the heart beating/non-heart beating



subgroup analysis, these additional inclusions vaelised to the main set of cases to provide
more statistical power. The main set of cases stetsiof 336 kidney pairs (672 recipients), of
which 42 (84 recipients) came from non-heart begatitonors. The extended data set
comprised a total of 376 kidney pairs (752 recitgnrhis total includes the 80 recipients of
40 non-heart beating kidney pairs who were lateleddo the main set for this analysis only.
Therefore, the total number of non-heart beatinméy pairs in the extended data set was 82
(164 recipients). The same logistic regression rdole delayed graft function with an
interaction term for machine perfusion and non-héaating donation was applied to the
extended data set.



Excluded (n=4) (n=6)

« Kidney rejected at
transplant center (n=1) (n=0)

« Technical failure* (n=1) (n=1)

+ Due to exclusion of contra-
lateral organ (n=2) (n=5)

A

1 November 2005 — 31 October 2006

Excluded (n=8) (n=14)

n=119 consecutive potential NHB Cat. Ill-IV
donors 216 yrs reported within trial region

1 November 2006 — 17 August 2007
n=102 consecutive potential NHB Cat. Ill-IV
donors 216 yrs reported within trial region

Donor enroliment
(n=111 potential donors)
(n=88 potential donors)

Randomization
one kidney to MP
contralateral kidney to CS
(n=78 kidney pairs)
(n=84 kidney pairs)

\4

* Not d by mistake (n=1) (n=6)
* Reported after procurement (n=7) (n=8)

Excluded (n=33 donors) (n=4 donors)

* Could not be reached in time (n=31) (n=4)
+ Donor center refusal (n=2) (n=0)

+ Donor family refusal (n=0) (n=0)

Donor procedure
(n=78) (n=84)

randomization intact (n=75) (n=81)
randomization switched* (n=3) (n=3)

Excluded (n=31 kidney pairs) (n=36 kidney pairs)
+ Donor procedure cancelled (n=9) (n=11)
+ One or both kidneys not transplan-
table (n=15) (n=18)
« Combined organ offer’ (n=0) (n=1)
+ Other reasons (n=7) (n=6)

MP preservation CS preservation

Excluded (n=1) (n=2)

« Patient died first week after
transplantation* (n=0) (n=1)

« Death of contralateral
organ recipient (n=1) (n=1)

+ Lost to follow-up (n=0) (n=0)

(n=47 kidneys) Allocation

(n=48 kidneys)
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(n=48 kidneys)

Excluded (n=4) (n=6)
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Transplantation

A4 A 4
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(n=43) (n=42) —
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(n=43) (n=42)

Excluded (n=1) (n=2)
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transplantation® (n=1) (n=1)
« Death of contralateral

organ recipient (n=0) (n=1)
« Lost to follow-up (n=0) (n=0)

Analyzed (n=42 patients)

Analyzed (n=42 patients)

Analyzed (n=40 patients)
none excluded from analysis

Analysis Analyzed (n=40 patients)

none excluded from analysis

Figure S1. Enrollment, Group Assignment, Follow-up and Analyss of Non-Heart
Beating Donor Inclusions.
Text and numbers iitalics refer to the second era of non-heart beating dmtusions, after

main consecutive inclusions (heart beating and heart beating mixed) had ended. Thes

extra non-heart beating donor cases were solely fasex subgroup analysis of the effect sige

of machine perfusion versus cold storage in nomthaaating versus heart beating kidne
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grafts. NHB denotes non-heart beating, HB heartibgaViP machine perfusion, and CS col

storage.

* Switching randomization was only allowed whena@ar anatomy made one kidney less
suitable for the machine.

T Whenever one or both kidneys were offered tagethth another organ to one recipient,
e.g. for combined pancreas—kidney or liver—&idtransplantation.

T None of these failures rendered the graft uabletfor transplantation. When machin
perfusion failed, the kidney was automatically cstidred inside the machine.

# Causes of death were one transplant relatetihamdon-transplant related events.
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Median serum creatinine (umol/l)

o

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Post-transplant time (days)

No. of Values Available

Cold Storage-Arm 327 329 328 319 322 309 316 282 295 268 266 242 248 278
Machine Perfusion-Arm 322 324 325 326 316 313 314 296 286 281 273 251 245 274
Median Serum Creat. (umol/l)

Cold Storage-Arm 592 507 406 327 283 248 221 210 200 195 180 180 177 166
Machine Perfusion-Arm 557 455 328 269 224 193 182 173 174 168 165 171 168 162

Figure S2.Time Course of Serum Creatinine after Transplantaion.

Below the x-axis, the sample size available pest-transplant day, and

112

median serum creatinine values per day are indic&er each recipient, th
area under the curve (AUC) was calculated. Missmafuies (12%) wers
imputed by means of linear interpolation. The medaJC of recipients in
the machine perfusion-arm (1,456; range 385-5,%&8®) significantly lower

than the median AUC of recipients in the cold sgerarm (1,787; range 288

6,500) (P=0.01; Wilcoxon signed rank test).
Each median value is based on all available casethdt group, and includes

patients who were dialysis dependent.




Table S1.Demographics of Both Eras of Non-Heart Beating Daor Inclusions.*

Variable

Donor demographics

Donor age (yr)

Maastricht category (Il / 1V)
SCD/ECD

Recipient demographics

Recipient age (yr)

Duration of pre-transplant dialysis (yr)

Previous transplants (%)

Panel-reactive antibodies
(0-5% / 6—-84% / >84%)

Prednisolon (%)
Cyclosporin (%)

Tacrolimus (%)

Era 1 (1 November 2005 — 31 October 2006)

Machine Cold
Perfusion Storage
Arm Arm
(N=42) (N =42)
41 (17-60)
4210
39/3
49 (24-69) 51 (27-77)
4.7 (1.1-18) 4.4 (1.1-11)
19 19
90/10/0 81/17/2
98 98
50 50
50 52

P value
(Machine
Perfusion vs.
Cold Storage)

0.66

0.30

0.61

0.17

0.50

Era 2 lbvember 2006 — 17 August 2007)

Machine Cold
Perfusion Storage
Arm Arm
(N =40) (N = 40)
48 (20-67)
40/0
29/11
1B-TB) 53 (24—76)
3.7(1.0-10) 3.5(0.36-8.8)
0 0
83/17/0 93/71/0
95 100
38 25
53 75

P value
(Machine

Perfusion vs.
Cold Storage)

0.94

0.74

0.16

0.25

0.17

0.03

P value
(Era1lvs. Era 2)

<0.001

0.02

0.45

0.002

0.46

0.67

0.02

0.12




Azathioprine (%) 2 2 - 0 0 - -

Mycophenolate mofetil (%) 88 86 0.53 93 83 0.25 50.5
Anti-thymocyte globulin (%) 10 10 - 20 20 - 0.08
Interleukin-2 receptor antagonists (%) 31 40 0.25 5 4 25 0.05 0.53

Transplant demographics

Human leukocyte antigen mismatches

(% of 0 mismatches)t 2 0 0.10 3 8 0.83 0.31

Cold ischemic time (h) 16 (4—25) 16(10-23) 0.54 15(10-29) 18 (9-47) 0.41 0.70

* |If not indicated otherwise, values are expressedhedian (range). P values were obtained by Fésbeact test for discrete variables and by the Maihitney test
for continuous variables. SCD denotes standardr@itionation, and ECD expanded criteria donation.
T Indicates the percentage of recipients who hadngiode one or more renal transplants prior to treeinaluded in this analysis.

T Indicates the percentage of transplants with karan leukocyte antigen A/B/DR mismatches.
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Table S2.Multivariate Risk Analysis for Delayed Graft Function.*

o IRy Pvas
Delayed Graft Function

Machine perfusion vs. cold storage 0.59 (0.38-0.92) 0.02
Aberrant vascular anatomyt 1.00 (0.56-1.77) 0.98
Panel-reactive antibody level (%) 1.01 (0.99-1.02) 0.28
Recipient age (yr) 1.01 (0.99-1.03) 0.37
Donor age (yr) 1.03 (1.00-1.06) 0.05
ECD donor vs. SCD donor 1.08 (0.47-2.45) 0.86
Cold ischemic time (h) 1.08 (1.02-1.14) 0.005
HLA mismatches (no.) 1.12 (0.93-1.35) 0.23
Duration of pre-transplant dialysis (yr 1.15 (1.02-1.29) 0.02
Retransplant vs. first transplant 3.05 (1.77-5.25) <0.001
NHB donor vs. HB donor 17.3 (8.15-36.9) <0.001

* Logistic regression model for the risk of delaygrhft function, with aberrant vascular
anatomy as extra covariate, added post hoc. SCDBteeistandard criteria donation, ECD
expanded criteria donation, NHB non-heart beatimg, HB heart beating.

T Aberrant vascular anatomy was defined as >1 maly of the kidney graft.
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Table S3.Multivariate Risk Analysis for Graft Failure.*

Variable (95% ggr?f?égnigtil?\terval) P value
Graft Failure within One Year Post-transplantt

Machine perfusion vs. cold storage 0.52 (0.29-0.92) 0.03
NHB donor vs. HB donor 0.87 (0.27-2.81) 0.82
Recipient age (yr) 0.97 (0.95-1.00) 0.02
Duration of pre-transplant dialysis (yr) 1.00 (B-8.15) 0.97
Panel-reactive antibody rate (%) 1.01 (0.99-1.03) 0.30
Cold ischemic time (h) 1.04 (0.97-1.10) 0.29
Donor age (yr) 1.05(1.01-1.10) 0.02
ECD donor vs. SCD donor 1.17 (0.42-3.27) 0.76
HLA mismatches (no.) 1.23 (0.98-1.55) 0.07
Aberrant vascular anatomyz 1.35 (0.66-2.74) 0.41
Retransplant vs. first transplant 1.73 (0.89-3.36) 0.11

* Cox proportional hazards model for the risk o&fyfailure within one year post-transplant,
with aberrant vascular anatomy as extra covaradded post hoc. SCD denotes standard
criteria donation, ECD expanded criteria donatidihlB non-heart beating, and HB heart
beating.

T Censored upon death with a functioning graft.

T Aberrant vascular anatomy was defined as >1 @maly of the kidney graft.
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Table S4.Multivariate Risk Analysis for Graft Failure.*

o IRy Pvas
Graft Failure within One Year Post-transplantt

NHB donor vs. HB donor 0.48 (0.16-1.48) 0.20
Machine perfusion vs. cold storage 0.60 (0.34-1.06 0.08
Duration of pre-transplant dialysis (yr 0.96 (0.84-1.10) 0.56
Recipient age (yr) 0.97 (0.95-0.99) 0.005
Panel-reactive antibody level (%) 1.01 (0.99-1.02) 0.54
Cold ischemic time (h) 1.02 (0.95-1.08) 0.61
Donor age (yr) 1.04 (1.00-1.08) 0.03
ECD donor vs. SCD donor 1.10 (0.44-2.72) 0.84
Retransplant vs. first transplant 1.13 (0.58-2.18) 0.72
HLA mismatches (no.) 1.19 (0.96-1.47) 0.12
Delayed graft functiont 1.69 (1.35-2.11) <0.001

* Cox non-proportional hazards model for the ridkgoaft failure within one year post-
transplant, with delayed graft function as extraac@te, added post hoc. SCD denotes
standard criteria donation, ECD expanded critedaation, NHB non-heart beating, and
HB heart beating.

T Censored upon death with a functioning graft.

T Delayed graft function was added to the moda &sie dependent covariate.
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