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Abstract

Background: The 5-year graft survival rate of donor kidneys transplanted in the Eurotransplant Senior Program (ESP) is only 47 per
cent. Normothermic machine perfusion (NMP) may be a new preservation technique that improves graft outcome. This pilot study
aimed to assess safety and feasibility of this technique within the ESP.

Methods: Recipients were eligible for inclusion if they received a donor kidney within the ESP. Donor kidneys underwent 2 h of oxy-
genated NMP with a red cell-based solution at 37�C, additional to standard-of-care preservation (non-oxygenated hypothermic ma-
chine perfusion). The primary outcome was the safety and feasibility of NMP. As a secondary outcome, graft outcome was investi-
gated and compared with that in a historical group of patients in the ESP and the contralateral kidneys.

Results: Eleven patients were included in the NMP group; the function of eight kidneys could be compared with that of the contralat-
eral kidney. Fifty-three patients in the ESP, transplanted consecutively between 2016 and 2018, were included as controls. No adverse
events were noted, especially no arterial thrombosis or primary non-function of the transplants. After 120 min of oxygenated NMP,
median flow increased from 117 (i.q.r. 80–126) to 215 (170–276) ml/min (P¼ 0.001). The incidence of immediate function was 64 per
cent in the NMP group and 40 per cent in historical controls (P¼ 0.144). A significant difference in graft outcome was not observed.

Discussion: This pilot study showed NMP to be safe and feasible in kidneys transplanted in the ESP. A well powered study is war-
ranted to confirm these results and investigate the potential advantages of NMP on graft outcome.

Introduction
Kidney transplantation is the only life-saving treatment for end-
stage renal disease1. Because the demand for suitable donor kid-
neys exceeds the supply, death while being waitlisted for a donor
kidney to become available is a major problem2. One solution to
increase the donor pool is the more frequent use of expanded cri-
teria donor (ECD) and donation after circulatory death (DCD) kid-
neys. Unfortunately, ECD kidneys are known to have a 70 per
cent increased risk of graft failure, resulting in earlier return to
dialysis or retransplantation3. One example of the use of these
ECD and DCD kidneys is the Eurotransplant Senior Program
(ESP), in which kidneys from donors aged 65 years or more are al-
located to recipients aged 65 years or above, focusing on short is-
chaemia time to minimize additional organ damage4.
Unfortunately, ESP results have shown high rates of delayed graft
function (DGF) and primary non-function (PNF), with a 5-year
graft survival rate of only 47 per cent5. Especially for DCD kidneys

transplanted within the ESP, the reported incidence of DGF and

PNF is 74.1 and 12.4 per cent respectively6. Therefore, attempts to

improve outcomes in this particular group of recipients are im-

portant.
In the past decade, machine perfusion has regained interest as

a promising preservation technique for deceased donor organs.

Moers and colleagues7 showed that preservation with hypother-

mic machine perfusion (HMP) improved clinical outcomes after

kidney transplantation in comparison with static cold storage

(SCS). Unfortunately, in this RCT, patients transplanted in the

ESP had minimal benefit from HMP8. Additional preservation

methods may be needed in these suboptimal donor kidneys, such

as normothermic machine perfusion (NMP). NMP has several

advantages in addition to HMP alone. First, NMP allows for pre-

transplantation viability assessment as the kidney becomes met-

abolically active. Donor kidney function can be assessed before

transplantation, which has been shown to reduce discard rates9.
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Second, in contrast to HMP, NMP can improve kidney function
through active repair and reconditioning. NMP itself may improve
kidney function as previous clinical studies showed a decreased
incidence of DGF compared with that in donor kidneys not receiv-
ing NMP10,11. In addition, NMP can provide a platform for kidney-
tailored organ repair by adding therapies ‘on the pump’, such as
mesenchymal stem cells12,13. This may be of special interest in
suboptimal donor kidneys, such as those transplanted within the
ESP population. Third, NMP could extend preservation time with-
out prolonging ischaemia time. This could be beneficial for sev-
eral reasons, such as more time to find an appropriate match and
preparation of the operative procedure. When there are several
kidney offers at the same time, NMP can delay transplantation
safely without compromising the quality of the graft because of
prolonged cold ischaemia time.

Although NMP is theoretically attractive, its application in de-
ceased donor kidney transplantation is largely unknown, as only
a few centres have published on this technique in a clinical kid-
ney transplantation setting10,11,14,15. NMP is more complex, ex-
pensive, and sensitive to technical problems such as
inhomogeneous perfusion, perfusate toxicity, and perfusion-
related organ damage. Moreover, in contrast to HMP, failure of
NMP leads to detrimental extra warm ischaemia time. Therefore,
the aim of this study was to investigate the safety and feasibility
of implementing 2 h of NMP in the ESP.

Methods
This prospective, single-centre pilot study aimed to include 10
ESP recipients of a technically successful NMP procedure.
Between 1 January 2018 and 1 December 2018, all waitlisted
patients aged 65 years or above were asked to participate.
Patients were excluded if they received a dual kidney transplant.
Multiple renal arteries in the donor organ were not a contraindi-
cation for inclusion as arterial reconstruction could be performed
safely before the NMP procedure. All kidneys were allocated
according to the regular Eurotransplant rules based on blood-
type compatibility and waiting time. All donor kidneys included
in the study were suitable for transplantation based on standard
criteria before the start of NMP. Both donation after brain death
(DBD) and DCD kidneys were included. The study was performed
in Erasmus Medical Centre, Rotterdam, the Netherlands, and ap-
proved by the local medical ethics committee (POSEIDON study,
MEC 2017-503). All recipients provided informed consent to par-
ticipate in the study.

Kidney procurement
The donor procedure was carried out in the donor hospital,
according to the standard Eurotransplant retrieval procedure. For
DCD donors, a 5-min period of ‘no touch’ after asystole was
maintained, according to Dutch law. Thereafter, the donor was
transported immediately to the operating room. The super-rapid
recovery technique was used to perform aortic flush with at least
5 litres of ice-cold (0–4�C) Belzer University of Wisconsin (UWVR )
Cold Storage Solution (Bridge to Life, London, UK) to which 25 000
or 50 000 units heparin were added, depending on kidney-only or
multiple organ procurement. After procurement, the donor kid-
ney was stored and transported on pulsatile, non-oxygenated
HMP using the LifePortVR Kidney Transporter (Organ Recovery
Systems, Itasca, IL, USA) or Kidney Assist TransportVR (Organ
Assist, Groningen, the Netherlands), as this is standard of care in
the Netherlands. In other Eurotransplant countries, kidneys are
still preserved on SCS.

Normothermic machine perfusion and
transplantation procedure
Upon arrival of the donor kidney at Erasmus Medical Centre, the

kidney was disconnected from the HMP device under sterile con-

ditions. Thereafter, acceptability for transplantation was

assessed. The Kidney Assist (Organ Assist, Groningen, the

Netherlands) used for NMP provides pressure-controlled perfu-

sion with a rotary pump. Perfusion was performed with an oxy-

genated, plasma-free, red cell-based solution, based largely on

the perfusate, as described by Hosgood et al.14. The composition

of the perfusate is detailed in Table 1. After preparation of the

Kidney Assist, the renal artery was cannulated with a sterile 3-

mm PVC funnel (Teleflex, Athlone, Ireland). The kidney was then

connected to the Kidney Assist.
Oxygenated NMP was started at 37�C with 100 per cent oxygen

at a pressure of 60 mmHg, which was increased manually if

deemed necessary based on the colour of the kidney. Urine pro-

duced during NMP was recirculated to keep the volume constant,

as this has been shown to maintain a more physiological perfus-

ate composition and improved flow during NMP16. Perfusion

parameters during NMP such as flow, intrarenal resistance, and

pressure were registered continuously. After 2 h of NMP, the do-

nor kidney was stored on SCS as briefly as possible until the oper-

ating team was ready to perform the kidney transplantation.

Upon transplantation, the donor kidney was routinely implanted

in the iliac fossa and connected to the external iliac artery and

vein. The anastomosis between donor ureter and recipient blad-

der was an extravesical anastomosis with the use of an external

splint. Immunosuppression of the recipients consisted of triple

therapy with prednisolone, tacrolimus, mycophenolate mofetil

and basiliximab as induction therapy. In the case of multiple ar-

teries and renal artery reconstruction, patients received

12 000 units heparin per 24 h for 5 days, as standard of care in the

kidney transplant programme.

Primary and secondary outcomes
The primary outcome of the study was the safety and feasibility

of NMP. Any adverse events in the postoperative period or prob-

lems during NMP were recorded. Special attention was given to

technical issues such as machine failure and inability to perform

NMP or decannulation. Unfavourable short-term transplant out-

comes, such as PNF, early rejection, graft infection and graft

thrombosis, were also noted. Logistical issues were noted, paying

particular attention to the duration of cold ischaemia time. The

Table 1 Composition of perfusate used for normothermic
machine perfusion

Content Final concentration

Compatible cross-matched blood (ml) 250
SterofundinVR solution (ml)* 500–1000
Mannitol 15% (ml) 10–20
Dexamethasone 4 mg (ml) 2
Sodium bicarbonate 8.4% (ml) 10–40
Heparin 1000 units/ml (ml) 2–4
Augmentin 1.2 g (ml) 10
Prostacyclin 0.5 mg (ml/h) 4
Glucose 5% (ml/h) 7
NutriflexVR infusion* with the following added 20

Insulin (units) 100
Sodium bicarbonate 8.4% (ml) 25
Multivitamins (ml) 5

*B. Braun, Melsungen, Germany.
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NMP procedure should not prolong cold ischaemia time, as this
impacts graft outcome.

Secondary outcomes were graft outcomes, defined as the inci-
dence of immediate kidney function (no DGF/PNF), biopsy-proven
acute rejection (BPAR) within 3 months, post-transplantation es-
timated glomerular filtration rate (eGFR), and graft and patient
survival. eGFR was calculated using the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) formula. For graft survival,
both death-censored and uncensored graft survival were investi-
gated. DGF was defined as the need for dialysis treatment in the
first week after transplantation. PNF was defined as a never func-
tioning graft and was diagnosed retrospectively 3 months after
transplantation. Graft outcome was investigated and compared
with that in two control groups. The first control group was a his-
torical cohort of consecutive patients in the ESP transplanted
without the use of NMP between 1 January 2016 and 31
December 2018. In this control group, cold preservation of the
kidney was usually performed with HMP, and for incidental cases
with SCS. To reduce bias by confounding, a second control group
was formed consisting of the contralateral kidney of each in-
cluded donor kidney, if that kidney was also transplanted.

Statistical analysis
For baseline characteristics, continuous variables were presented
as median (i.q.r.) values, and comparisons were done using the
Mann–Whitney U test. Categorical variables were presented as
numbers and percentages, and compared with the v2 or Fisher’s
exact test, based on expected and observed counts. For

comparisons made with the contralateral kidney and for corre-

lated measurements, the Wilcoxon signed rank test was used for

continuous data and the McNemar test for categorical data. For

the outcome eGFR, if graft failure had taken place, an eGFR of

10 ml/min was imputed. If a patient died with a functioning graft,

the last observation of eGFR was carried forward. Survival analy-

sis was performed using the Kaplan-Meier method and curves

were compared with the log-rank test. Two-sided P <0.050 was

considered statistically significant. All analyses were performed

using GraphPad PrismVR version 5.0 (GraphPad, San Diego, CA,

USA) and IBM SPSSVR Statistics version 25 (IBM, Armonk, NY,

USA).

Results
Between 1 March 2018 and 1 December 2018, 11 deceased donor

kidneys transplanted into recipients participating in the ESP re-

ceived 2 h of NMP. One protocol violation took place, as one of

the donors was aged 63 years and 10 months; this became appar-

ent only once the NMP procedure had started.
Baseline characteristics are shown in Table 2. Seven of the 11

kidneys were retrieved from a DCD donor. The median age of

donors and recipients was 71 (i.q.r. 66–72) and 71 (67–74) years re-

spectively. The majority of patients (8 of 11) had received dialysis

before transplantation, with a median time on dialysis of 22.5

(i.q.r. 14.3–45.3) months. Median total cold ischaemia time was

593 (i.q.r. 497–746) min, which consisted of cold ischaemia time

Table 2 Baseline characteristics of patients receiving a normothermic machine perfused kidney and historical controls

NMP group (n¼11) Historical control group (n¼53) P†

Recipient characteristics
Age (years)* 71 (67–74) 70 (69–75) 0.580‡

Male sex 9 (82) 28 (53) 0.076
BMI (mg/kg2)* 26.7 (24.7–31.0) 27.4 (24.9–30.8) 0.873‡

Diabetes 2 (18) 22 (42) 0.146
Dialysis treatment 0.280

None 3 (27) 6 (11)
Haemodialysis 5 (45) 36 (68)
Peritoneal dialysis 3 (27) 11 (21)

Time on dialysis (months)* 22.5 (14.3–45.3) 22.1 (14.4–32.5) 0.699‡

HLA mismatch* 4 (3–5) 5 (4–5) 0.229‡

Current PRA* 0 (0–4) 0 (0–0) 0.207‡

Smoking 0.772
Never 4 (36) 24 (45)
Current 2 (18) 6 (11)
Previous 5 (45) 23 (43)

Ischaemic heart disease 2 (18) 12 (23) 0.745
Donor characteristics

DBD donor 4 (36) 13 (25) 0.419
Age (years)* 71 (66–72) 69 (68–73) 0.872‡

Male sex 7 (64) 27 (51) 0.443
BMI (kg/m2)* 22.2 (18.1–26.1) 25.6 (23.6–28.2) 0.043‡

First WIT (min)* 13 (0–17) 13 (2–15) 0.921‡

Transplant characteristics
Second CIT (min)* 83 (34–167) – –
Total CIT (min)* 593 (497–746) 600 (480–720) 0.893‡

Second WIT (min)* 18.0 (17.0–21.0) 22.0 (17.5–28.5) 0.095‡

Arterial reconstruction 5 (45) 13 (25) 0.160
Cold preservation method 0.426

HMP 8 (73) 44 (83)
Static cold storage 3 (27) 9 (17)

Values in parentheses are percentages unless indicated otherwise: *values are median (i.q.r.). NMP, normothermic machine perfusion; HLA, human leucocyte
antigen; PRA, panel-reactive antibodies; DBD, donation after brain death; WIT, warm ischaemia time; CIT, cold ischaemia time; HMP, hypothermic machine
perfusion. †v2 or Fisher’s exact test, except ‡Mann–Whitney U test.
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until NMP plus a second short cold ischaemia time after NMP un-

til transplantation (median 83 (34–167) min).
Five donor kidneys had multiple renal arteries necessitating

arterial reconstruction before transplantation. No technical prob-

lems occurred during NMP; in particular, no complications due to

decannulation, arterial flow or machine failure were noted.

Despite the high incidence of vascular multiplicity, no arterial

thrombosis occurred during NMP or after transplantation. There

were no cases of PNF, and all kidneys were demonstrated to be

functioning.
Fig. 1 shows median flow, pressure, and intrarenal resistance

during NMP for the 11 recipients, and Table 3 shows differences

between perfusion parameters at the start and end of NMP.

Median flow was 117 (i.q.r. 80–126) ml/min at the start of NMP,
increasing significantly to 215 (170–276) ml/min at the end
(P¼ 0.001). Median perfusate pH, lactate and sodium increased
significantly, whereas glucose, potassium and calcium perfusate
remained constant.

Secondary outcome: graft outcome
Normothermic machine perfusion versus Eurotransplant
Senior Program cohort
To select a larger reference control group, 53 consecutive patients
in the ESP were selected, who had been transplanted between 1
January 2016 and 31 December 2018. Table 2 presents baseline
characteristics for this control group in comparison with the NMP
group. Donor BMI was significantly lower in the NMP group than
in the historical controls (median 22.2 (i.q.r. 18.1–26.1) versus 25.6
(23.6–28.2) kg/m2 respectively; P¼ 0.043). Other baseline charac-
teristics were not significantly different. Despite an additional
second cold ischaemia time in the NMP group, total cold ischae-
mia time was similar in the two groups (P¼ 0.893).

Results of graft outcome in the NMP and ESP control groups
are summarized in Table 4. Seven of the 11 patients (64 per cent)
in the NMP group had immediate kidney function, compared
with 21 of the 53 patients (40 per cent) in the historical ESP cohort
(P¼ 0.144). No PNF occurred in the NMP group, compared with
four cases in the historical controls (0 versus 8 per cent respec-
tively; P¼ 0.347). The proportion of patients with DGF was 4 of 11
(36 per cent) in the NMP group versus 53 per cent in the historical
controls (P¼ 0.320). Median duration of DGF was 15.5 (i.q.r. 8.3–
98.5) days in the NMP group and 14.5 (5.5–26.8) days in the con-
trols (P¼ 0.602). One of the four patients with DGF in the NMP
group was pre-emptive and developed DGF as a result of atrial fi-
brillation with haemodynamic instability, requiring cardiopulmo-
nary resuscitation followed by admission to the ICU. Fig. 2 shows
similar creatinine and eGFR trajectories in the first week after
transplantation and at 30 days in NMP and historical control
groups. Groups did not differ in patient or (death-censored) graft
survival, incidence of BPAR, or proportion of patients with an
eGFR above 30 ml/min after 3, 6 and 12 months (Table 4). No dif-
ferences in eGFR were observed between the groups at 3 months
(P¼0.510), 6 months (P¼0.482) and 1 year (P¼0.908) (Fig. 3).

Normothermic machine perfusion versus contralateral
kidneys
Eight kidneys were eligible for comparison with the contralateral
kidney, as one kidney was not transplanted (unknown reasons)
and the other two contralateral kidneys both underwent NMP in
this study. Second warm ischaemia time was significantly shorter
in the NMP group (median 19 (i.q.r. 17–22) min versus 40 (37–
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Fig. 1 Flow, intrarenal resistance and pressure during normothermic
machine perfusion

a Flow, b intrarenal resistance and c pressure of the 11 donor kidneys.

Table 3 Differences between perfusion parameters at start
versus end of normothermic machine perfusion

Start of NMP End of NMP P*

Flow (ml/min) 117 (80–126) 215 (170–276) 0.001
Perfusate pH 7.52 (7.05–7.58) 7.62 (7.53–7.84) 0.037
Perfusate lactate (mmol/l) 5.1 (4.5–5.6) 11.9 (10.3–13.4) 0.001
Perfusate glucose (mmol/l) 10.6 (5.9–13.0) 10.9 (5.8–12.8) 0.182
Perfusate potassium (mmol/l) 7.6 (7.2–9.7) 8.8 (7.0–9.9) 0.906
Perfusate sodium (mmol/l) 145 (143–147) 149 (146–153) 0.005
Perfusate calcium (mmol/l) 1.25 (1.16–1.29) 1.21 (1.15–1.28) 0.682

Values are median (i.q.r.). NMP, normothermic machine perfusion. * Wilcoxon
signed rank test.
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50) min for the contralateral kidney; P¼ 0.002). Total cold ischae-

mia time was similar (median 597 (512–795) versus 679 (574–

700) min respectively; P¼ 0.867). DGF occurred in two kidney

pairs in both kidneys, and in one pair only in the NMP kidney; bi-

opsy of this kidney showed chronic damage with acute tubular

necrosis without rejection. The 1-year death-censored graft sur-
vival rate was 100 per cent in the NMP group and 80 per cent in
the contralateral kidney group (P¼ 0.206, log rank test). The 1-
year uncensored graft survival rate was 86 per cent in the NMP
group and 80 per cent in the contralateral kidney group
(P¼ 0.637). The 1-year patient survival rate was 86 per cent in the
NMP group and 75 per cent in the contralateral kidney group
(P¼ 0.731) Rejection occurred in two kidney pairs in both kidneys
and in one pair only in the NMP kidney. At 3 months, creatinine
levels were determined for all eight kidney pairs and found to be
similar between two kidney pairs (Fig. 4). For four kidney pairs
the creatinine concentration was lower in the NMP group, and for
two kidney pairs creatinine levels were higher in the NMP group.
The NMP kidney of donor 8 had a prolonged DGF based on acute
tubular necrosis with discontinuation of haemodialysis after
3 months. Unfortunately, creatinine levels remained above
300 lmol/l. The NMP kidney of donor 5 experienced vascular re-
jection at the 3-month creatinine measurement; this recovered
fully, with a creatinine concentration at 1 year of 120 lmol/l.
Paired analysis showed a median 3-month creatinine level of
166.5 (i.q.r. 139.8–203.5) lmol/l in the NMP group and 176 (125.3–
273.8) lmol/l in the contralateral kidney group (P¼ 0.779).

Discussion
This pilot study described experience with 2 h of NMP and sup-
ports the feasibility and safety of implementation of NMP in this

Table 4 Comparison of clinical outcomes in normothermic machine perfusion group and historical controls

NMP group (n¼11) Historical control group (n¼ 53) P†

Immediate function 7 (646) 21 (40) 0.144
PNF 0 (0) 4 (8) 0.347
DGF 4 (36) 28 (53) 0.320
Duration in DGF (days)* 15.5 (8.3–98.5) 14.5 (5.5–26.8) 0.602‡

eGFR �30 ml/min
3 months 7 (64) 26 (49) 0.379
6 months 6 (55) 29 (55) 0.992
1 year 6 (55) 31 (58) 0.809

BPAR 4 (36) 14 (26) 0.504
1-year graft survival (%) 81 85 0.575§

1-year graft survival, DC (%) 91 91 0.537§

1-year patient survival (%) 91 91 0.560§

Values in parentheses are percentages unless indicated otherwise; *values are median (i.q.r.). NMP, normothermic machine perfusion; PNF, primary non-function;
DGF, delayed graft function; eGFR, estimated glomerular filtration rate; BPAR, biopsy-proven acute rejection; DC, death-censored. †v2 or Fisher’s exact test, except
‡Mann–Whitney U test and §log rank test.
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a Creatinine and b estimated glomerular filtration rate (eGFR). Median (i.q.r.)
values are shown. eGFR, estimated glomerular filtration rate; NMP,
normothermic machine perfusion.

100

80

60

40

20

0
3 6
Time after transplantation (months)

eG
F

R
 (

m
l/m

in
)

12

NMP kidneys
Historical control

Fig. 3 Box plots for eGFR at 3, 6 and 12 months after transplantation in
recipients of a NMP kidney compared to historical controls

Median values, interquartile ranges and ranges are denoted by horizontal bars,
boxes and error bars respectively. eGFR, estimated glomerular filtration rate;
NMP, normothermic machine perfusion.

Rijkse et al. | 5

D
ow

nloaded from
 https://academ

ic.oup.com
/bjsopen/article/5/1/zraa024/6073391 by Erasm

us U
niversity R

otterdam
 user on 12 April 2022



frail patient group. No adverse events were noted during or after
NMP. Moreover, analyses for graft outcome showed overall com-
parable kidney function in NMP and standard preserved kidneys,
indicating the safety of NMP in this ESP group. An interesting
finding is the observed difference in immediate function between
NMP kidneys and the historical controls. Although this did not
reach statistical significance owing to the small sample size, the
magnitude of the difference suggests that the technique of NMP
may be clinically relevant.

The results concerning the impact of NMP on the incidence of
DGF are comparable with the first clinical study of 18 ECD–DBD
donor kidneys by the Cambridge group11, who found a statisti-
cally significant difference in DGF with an incidence of 36 per
cent in the control group and 6 per cent in the NMP group
(P¼ 0.014). The impact of NMP on DGF is probably mediated by
interference with ischaemia–reperfusion injury (IRI). ESP kidneys
are more vulnerable to IRI, due to increased donor age and co-
morbidity of the donor. Even though no active therapy was given
during NMP, a recent study17 showed that kidneys after NMP fol-
lowed by simulated transplantation had upregulated pathways,
promoting cell proliferation, compared with kidneys that were
kept on SCS. This shows that NMP itself may already have a posi-
tive effect on the donor kidney, and may explain the difference in
DGF incidence.

One of the strengths of this study is the use of a paired analy-
sis with the contralateral kidney as a control group. The compari-
sons made with the historical cohort are confounded; this was
addressed by also analysing the outcomes for the contralateral
kidney of the same donor. Another strength is that cannulation
and attaching the kidney to the Kidney Assist was carried out by
one surgeon, which reduces variability in this technique that
may have affected quality of NMP. A limitation may be that the
donor kidneys were stored for a short period on SCS after NMP for
logistical reasons. This could have counteracted the benefit of
NMP. However, this risk is deemed small as previous studies18–21

have shown that NMP may be also beneficial if carried out at an
earlier stage in the total cold ischaemia time.

Unfortunately, one protocol violation took place where one of
the kidneys was from a donor nearly 64 years of age instead of

65 years or older. This may have affected graft outcomes, as the
cut-off age for the ESP is 65 years. However, as the primary out-
come was safety and feasibility, it was decided to include this
patient in the analyses. Finally, a recent study22 showed that DGF
appears not to correlate well with long-term graft survival out-
comes in DCD kidney transplantation. However, a lower inci-
dence of DGF may decrease healthcare costs by decreasing the
need for dialysis treatment following transplant and shortening
the length of hospital stay22,23. A longer follow-up is needed to
study the impact of NMP on long-term graft outcomes.

The present study protocol differed slightly from that presented
by the Cambridge group11. First, the present study performed 2 h
of NMP, in contrast to the Cambridge group who performed 1 h.
Kaths and co-workers24 showed in an animal study that longer
periods of NMP (up to 16 h) may be superior to brief NMP. A reason
for longer duration of NMP is to allow time for ‘therapy on the
pump’ in the future. Safety of these longer perfusion durations has
not yet been confirmed in clinical studies. Therefore, the present
study protocol used a slightly longer NMP than usual, but still a
duration that is unlikely to cause harmful effects. Second, antibiot-
ics were added in the present study because of potential contami-
nation of the kidney during NMP. Previous studies have shown
that positive cultures in perfusate fluid are prevalent, causing in-
fection in up to 10 per cent of the recipients25.

A few adjustments could be considered to optimize the NMP
procedure in the future. First, assuming that NMP of longer dura-
tion is beneficial, the addition of albumin may be recommended
to increase the osmotic pressure, preventing oedema26,27.
Second, in the present protocol urine output was recirculated as
a previous study16 showed this to be superior in maintaining ho-
meostasis, rather than replacing urine production with Ringer’s
lactate. However, if longer perfusion times are to be realized, con-
trol of waste products may be necessary and the addition of a di-
alysis membrane in combination with a haemoadsorption filter
may be beneficial to clear waste products and proinflammatory
cytokines28. Lastly, the risk of allosensitization can be addressed
by using an acellular perfusion solution containing a
haemoglobin-based oxygen carrier, which has been shown to be
at least as effective as a blood-based perfusate for liver NMP29.
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The findings of this pilot study support the performance of a
larger study to explore further the potential efficacy of NMP to
improve graft outcome. As a next step, the focus should be on ex-
ploring the safety of prolonged NMP and the possibility of admin-
istering therapy that specifically targets IRI. Currently, an RCT is
being carried out in the UK, comparing NMP with SCS. This trial
will help to identify biomarkers and perfusion cut-off values to
define required length of perfusion. NMP not only has the poten-
tial to improve outcome in kidneys accepted according to current
standards, but might also reduce discard rates, as Hosgood et al.9

showed recently in a small study of 10 kidneys declined for trans-
plantation, where NMP led to 50 per cent of kidneys eventually
being transplanted.
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