
Artificial Organs. 2022;46:1771–1782.	﻿	     |  1771wileyonlinelibrary.com/journal/aor

Received: 16 February 2022  |  Revised: 21 March 2022  |  Accepted: 29 April 2022

DOI: 10.1111/aor.14308  

M A I N  T E X T

The role of hypothermic machine perfusion in selecting 
renal grafts with advanced histological score

Franco Ruberto1   |   Quirino Lai2   |   Mario Piazzolla1  |   Matteo Brisciani1  |   
Renzo Pretagostini2  |   Manuela Garofalo2  |   Francesco Giovanardi2  |   
Francesco Nudo2  |   Luca Poli2  |   Veronica Zullino1  |   Pietro Santopietro1  |   
Massimo Rossi2  |   Pasquale B. Berloco2  |   Francesco Pugliese1

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any 
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2022 The Authors. Artificial Organs published by International Center for Artificial Organ and Transplantation (ICAOT) and Wiley Periodicals LLC.

1Department of Anesthesiology, Critical 
Care Medicine and Pain Therapy, 
Sapienza University of Rome, Rome, 
Italy
2General Surgery and Organ 
Transplantation Unit, Sapienza 
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Abstract
Background: Few studies explored the role of hypothermic machine perfusion 
(HMP) in the sub-group of non-standard renal grafts with a biopsy-proven ad-
vanced histological impairment. This study aimed to investigate the role of HMP 
in grafts with a Karpinski Score >3 in terms of the need for dialysis, creatinine 
reduction ratio at day-7 (CRR7), and 3-year graft survival.
Methods: Twenty-three perfused grafts with Karpinski Score >3 evaluated be-
tween November 2017 and December 2018 were retrospectively analyzed and 
compared with a control group of 32 non-perfused grafts transplanted between 
January 2014 and October 2017.
Results: After transplantation, perfused grafts had fewer cases requiring dialysis 
(8.7% vs. 34.4%; p  =  0.051), a better reduction in serum creatinine (median at 
7 days: 2.2 vs. 4.3 mg/dl; p = 0.045), and shorter length of hospital stay (median 11 
vs. 15 days; p = 0.01). Three-year death-censored graft survival was better in the 
perfused cases (91.3% vs. 77.0%; p = 0.16).
In perfused grafts, initial renal resistance (RR) had the best predictive value for 
renal function recovery after the first week, as defined by CRR7 ≤ 70% (AUC = 0.83; 
p = 0.02). A cut-off value of 0.5 mm Hg/ml/min showed a sensitivity of 82.4%, a 
specificity of 83.3%, and diagnostic odds ratio  =  23.4. After dividing the entire 
population into a Low-RR (n = 8) and a High-RR Group (n = 15), more cases with 
CRR7 ≤ 70% were reported in the latter group (86.7 vs. 13.3%; p = 0.03).
Conclusion: HMP yielded promising results in kidneys with Karpinski Score >3. 
Initial RR should be of interest in selecting non-standard organs for single kidney 
transplantation even in impaired histology.
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1   |   INTRODUCTION

Kidney transplantation (KT) represents the best therapeu-
tic strategy for treating end-stage renal disease. The resul-
tant growing number of patients waiting for KT has thus 
pushed for an attendant increase in the number of poten-
tial donors, prompting a more liberal use of Expanded 
Criteria Donors (ECD).1 However, renal transplants from 
such donors are often correlated with worse early and late 
posttransplant results.2–4 Therefore, new strategies have 
been proposed to improve the graft selection process. For 
example, pretransplant histological evaluation has been 
primarily adopted to identify the organs usable for a sin-
gle KT, a double KT, or discard.5–7 Moreover, in the last 
decade, in-house hypothermic machine perfusion (HMP) 
has provoked interest in the management of non-standard 
donors due to its ability to select graft quality by evaluat-
ing the renal resistances (RR) trend8,9 and to reduce the 
ischemic damage caused by cold storage preservation.10

Many studies have explored the beneficial impact of 
HMP in the setting of KT,11,12 but few have investigated 
the sub-group of renal grafts with an initial severe histo-
logical impairment.8

The primary aim of the study was to investigate the role 
of in-house HMP in grafts with a histological Karpinski 
Score >3 used for single KT in terms of posttransplant 
Delayed Graft Function (DGF), graft functional recovery 
as evaluated by serum creatinine (sCr) decline, and 3-year 
graft survival.

The secondary aim was to identify an initial RR thresh-
old to select patients at risk for poor organ recovery.

2   |   MATERIALS AND METHODS

We performed a retrospective analysis of the data from 
92 renal grafts from deceased-brain donors evaluated for 
a single KT between November 1, 2017 and December 
31, 2018. We selected this period with the intent to have 
a minimum of 3 years of follow-up after transplant. 
Exclusion criteria were: (a) grafts directly transplanted 
without perfusion (n  =  22); (b) perfused grafts with a 
Karpinski Score ≤3 (n  =  41); (c) grafts discarded for in-
adequate quality evaluated during back-table (n  =  6). 
Finally, 23 grafts were enrolled in the present study. All 
the remaining grafts were used for single KTs.

A control group of deceased-brain-donor non-perfused 
renal grafts with a Karpinski Score >3 was selected among 
the single KTs performed between January 1, 2014 and 
October 31, 2017. A total of 32 cases were identified. The 
ethics committee of Umberto I Policlinic of Rome ap-
proved the present retrospective observational study (ap-
proval number 1000/2018).

2.1  |  HMP protocol, management, and 
definitions

In our center, we adopted an HMP protocol in which all 
the ECD kidneys being available for transplantation after 
the back-table were perfused with an in-house HMP. An 
ECD was defined according to the following definition: 
(a) a deceased-brain donor (DBD) aged 60 years or older; 
or (b) a DBD aged 50–59 years with two or more of the 
following comorbidities: a history of hypertension, death 
resulting from cerebrovascular accident, and terminal sCr 
≥1.5 mg/dl.3

During organ procurement, in vivo perfusion of the 
abdominal organs was performed using Celsior® (Institut 
Georges Lopez IGL, Lissieu, FRANCE) with a total volume 
of 1 L per 10 kg of donor weight. A renal biopsy was per-
formed in all ECDs at the end of procurement. Histological 
graft quality was assessed by a group of expert pathologists 
using the Karpinski Score (Table S1).5 In all cases, histolog-
ical evaluation was available before the beginning of the 
KT. Grafts presenting a Karpinski Score ≤3 were judged to 
be usable for a single KT. For those with a score ranging 
from 4 to 6, the use of the graft for a single KT was decided 
according to the following parameters: (a) absence of dif-
fuse gross vascular atherosclerosis in the graft; (b) absence 
of severe microscopically assessed pyelonephritis. In none 
of the cases was a double KT performed. When the Score 
was ≥7, the kidney was directly discarded.

LifePort® Kidney Transporter machine (Organ Recovery 
Systems, Brussels, Belgium) was used to perform perfu-
sion with a pulsatile pressure. The initial pressure value 
used was 30 mm Hg. The perfusion solution used during 
the HMP was KPS-1® solution (Organ Recovery Systems, 
Brussels, Belgium). Renal resistances (mm Hg/ml/min), 
flow (ml/min), and temperature (°C) were recorded at the 
beginning of perfusion, 20, 40, 60, and 120 min. All grafts 
were perfused for at least 120 min.

Cold ischemia time (CIT) was calculated from the 
cross-clamp time until the end of the HMP. The following 
recipient-related data were collected in the postoperative 
period: daily sCr, need for dialysis, and hospital length 
of stay. Delayed graft function (DGF) was defined in two 
different ways: (a) need for dialysis within 7 days from 
KT,3 and (b) creatinine reduction ratio at day 7 (CRR7) 
≤70%. CRR7 was calculated using the following equation: 
CRR7(%)  =  ([sCr0–sCr7] × 100)/sCr0), where sCr0 indi-
cates sCr levels immediately before KT and no later than 
6 h after the last dialysis, and sCr7 indicates levels on day 
7 post-KT.13

Primary non-function (PNF) was defined as a perma-
nent lack of graft function necessitating dialysis from the 
time of transplantation in a well-perfused but never func-
tioning graft.
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Graft loss was defined as returning to dialysis or sCr 
clearance <15 ml/min/1.73m2 at the last evaluation.3

2.2  |  Immunosuppression management

All the patients enrolled in the present analysis had a 
standardized immunosuppressive schedule. Induction 
immunosuppressive therapy consisted of basiliximab 
administered during KT and on the fourth postopera-
tive day and intraoperative methylprednisolone (500 mg). 
Maintenance therapy was based on a triple immunosup-
pressive regimen composed of prednisone (20 mg daily), 
mycophenolate sodium (1440 mg daily), and tacrolimus 
(0.06 mg/kg daily). Tacrolimus was started when sCr was 
<3 mg/dl or on the fifth postoperative day at the latest.

2.3  |  Statistical analysis

Continuous variables were reported as medians and in-
terquartile ranges (IQR). Dummy variables were reported 
as numbers and percentages. Mann–Whitney U test and 
Fisher's exact test were used to compare continuous and 
categorical variables, respectively.

Receiver operating characteristic (ROC) curve analy-
sis was used for testing the performance of different vari-
ables (i.e., initial RR, initial flow, donor sCr, and Karpinski 
Score) in predicting DGF defined as CRR7 ≤ 70%. Different 
thresholds of RR were investigated in terms of sensitivity, 
specificity, and diagnostic odds ratios (DOR). We arbitrarily 
investigated the RR = 0.4, 0.5, 0.75, and 1.0 mm Hg/ml/min, 
approximately corresponding to the fifteenth centile, the 
fourth, the seventh, and the ninth decile. As for the DOR, 
the higher was its value, the better the test performance.

Graft survival and patient survival probabilities were esti-
mated using the Kaplan–Meier method. The survival results 
were compared using the log-rank test. In case of patient 
death with a functioning graft, graft survival was censored. 
The last censoring was performed on December 31, 2021.

Variables with a p < 0.05 were considered statistically 
significant. Statistical analyses were performed using the 
SPSS statistical package version 24.0 (SPSS Inc., Chicago, 
IL, USA).

3   |   RESULTS

3.1  |  Analysis of the selected cases

From November 2017 to December 2018, 92 kidneys were 
considered for a single KT; 29 grafts presented a Karpinski 
Score >3. After back-table evaluation, six grafts were 

discarded due to diffuse gross atherosclerosis of the renal 
artery (n  =  2) or severe pyelonephritis (n  =  4). Four of 
the six discarded grafts presented a Karpinski Score of 
4 (66.7%), the other two had a score of 5 (16.7%) and 6 
(16.7%), respectively. Twenty-three grafts were thus ana-
lyzed. A control group of 32 non-perfused grafts with a 
Karpinski Score >3 was identified from January 2014 to 
October 2017.

Donor-, recipient-, perfusion-, and transplant-related 
characteristics of the 23 perfused versus 32 non-perfused 
cases are reported in Table 1. As for the donors' character-
istics, the two groups were statistically similar. The me-
dian Kidney Donor Risk Index (KDRI) and age were 1.68 
versus 1.66 (p  =  0.56) and 67 versus 67 years (p  =  0.73) 
in perfused versus non-perfused cases, respectively. 
Preprocurement median sCr was 1.3 versus 1.0  mg/dl 
(p = 0.45).

Out of the 23 perfused grafts, 16 (69.6%), 5 (21.7%), 
and 2 (8.7%) presented a Karpinski Score of 4, 5, and 6, 
respectively. Out of the 32 non-perfused grafts, 18 (56.3%), 
5 (15.6%), and 9 (28.1%) presented a Karpinski Score of 4, 
5, and 6, respectively.

As for the recipients' characteristics, median age and 
cold ischemia time were 61 versus 62 years (p = 0.44) and 
623 versus 695 min (p = 0.046) in the perfused versus non 
perfused cases, respectively.

In the 23 perfused grafts, the median time between 
donor cross-clamp and the start of HMP was 193  min 
(IQR = 157–285). As for the in-house HMP, the median du-
ration was 247 min (IQR = 125–330), and all kidneys were 
perfused for at least 120 min. At the start of perfusion, the 
median flow and RR were 46 ml/min (IQR = 30–56) and 
0.57 mm Hg/ml/min (0.46–0.87), respectively. After 2  h, 
the same parameters were 87 ml/min (IQR = 65–110) and 
0.28 mm Hg/ml/min (IQR  =  0.23–0.36). All grafts were 
used for a single KT.

During the first week after KT, two (8.7%) versus 
11 (34.4%) patients needed dialysis (p  =  0.051), with 16 
(69.6%) versus 28 (87.5%) patients having an impaired sCr 
reduction defined as a CRR7 ≤ 70% (p = 0.17) in the per-
fused versus non-perfused cases. The median sCr at day 7 
(2.2 vs. 4.3 mg/dl; p = 0.03) and CRR7 values (57.9% vs. 
36.2%; p  =  0.045) were observed in the perfused versus 
non-perfused cases.

The median length of hospital stay was shorter in the 
perfused group (median: 11 vs. 15 days; p = 0.01).

After a median follow-up of 43 months (IQR = 37–60), 
two (8.7%) versus nine (28.1%) grafts were lost in the per-
fused versus non-perfused group. We reported one (4.3%) 
versus seven (21.9%) cases of patient death in the perfused 
versus non-perfused group. Three-year death-censored 
graft survival was 91.3% versus 77.0% in the perfused ver-
sus non-perfused group (p  =  0.16). Three-year patient 
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T A B L E  1   Donor-, recipient-, and perfusion-related characteristics in the entire population

Variables

Perfusion group (n = 23) Control group (n = 32)

p-valueMedian (IQR) or n (%)

Donor-specific variables

KDRI 1.68 (1.36–2.17) 1.66 (1.45–1.98) 0.56

KDPI 92 (80–99) 90 (84–98) 0.87

Total Karpinski Score 4 (4–5) 4 (4–6) 0.18

4 16 (69.6) 18 (56.3)

5 5 (21.7) 5 (15.6) 0.34

6 2 (8.7) 9 (28.1)

Age, years 67 (60–74) 67 (63–74) 0.73

Male, gender 12 (52.2) 19 (59.4) 0.78

Weight, kg 80 (73–90) 78 (65–90) 0.55

Height, cm 170 (164–180) 170 (160–175) 0.56

BMI 27 (26–31) 27 (25–32) 0.78

sCr, mg/dl 1.3 (0.8–1.6) 1.0 (0.7–1.6) 0.45

Sodium peak, mEq/L 150 (145–151) 153 (147–159) 0.046

ICU stay, days 5 (2–5) 6 (3–13) 0.03

VAS 27 (0–60) 17 (7–37) 0.71

Story of hypertension 12 (52.2) 17 (53.1) 1.00

Story of DM2 7 (30.4) 7 (21.9) 0.54

Story of smoking 10 (43.5) 10 (31.3) 0.40

Story of cardiopathy 4 (17.4) 11 (34.4) 0.22

Story of hepatopathy 2 (8.7) 2 (6.3) 1.00

Story of dyslipidemia 4 (17.4) 2 (6.3) 0.22

Cause of death

Anoxia 1 (4.3) 1 (3.1)

Blunt trauma 5 (21.7) 4 (12.5) 0.63

CVA 17 (73.9) 27 (84.4)

Episode(s) of hypotension 6 (26.1) 5 (15.6) 0.50

Episode(s) of cardiac arrest 3 (13.0) 2 (6.3) 0.64

Recipient-specific variables

Age, years 61 (53–68) 62 (58–68) 0.44

Male, gender 13 (56.5) 22 (68.8) 0.40

Weight, kg 71 (70–76) 73 (64–82) 0.73

Height, cm 165 (160–165) 168 (165–176) 0.04

BMI 24 (23–27) 24 (23–27) 0.92

Renal pathology

ADPKD 4 (17.4) 3 (9.4)

Angiosclerosis 2 (8.7) 6 (18.8)

DM2 2 (8.7) 4 (12.5)

GN 3 (13.0) 6 (18.8) 0.46

Lupus 2 (8.7) 0 (–)

Re-KT 2 (8.7) 4 (12.5)

Other 3 (13.0) 6 (18.8)

Unknown 5 (21.7) 3 (9.4)
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survival was 95.7% versus 87.5% in the perfused versus 
non-perfused group (p = 0.19).

3.1.1  |  RR thresholds for the 
prediction of DGF

We investigated five different donor-, graft-, and 
perfusion-related aspects to identify the best predictors for 

DGF defined as CRR7 ≤ 70% (Table 2). Unfortunately, we 
could not perform the same analysis for DGF defined as 
the need for dialysis within the first week post-KT due to 
the small number of reported cases (n = 2).

The initial RR (renal resistance at the beginning 
of HMP) showed the best diagnostic ability, with an 
AUC = 0.83 (p = 0.02). The diagnostic ability of RR sub-
stantially remained constant after 2 h of perfusion, with 
an AUC = 0.81 (p = 0.03). Flow during perfusion, donor 

Variables

Perfusion group (n = 23) Control group (n = 32)

p-valueMedian (IQR) or n (%)

Time of dialysis, years 5 (4–5) 3 (3–4) 0.02

Arterial hypertension 18 (78.3) 26 (81.3) 1.00

CIT min 623 (484–745) 695 (604–900) 0.046

CIT min (no perfusion time) 380 (298–419) 695 (604–900) <0.0001

Perfusion-specific variables

Perfusion, min 247 (125–330) – –

Flow, ml/min

0 min 46 (30–56)

20 min 78 (51–98)

40 min 81 (60–100) – –

60 min 85 (60–105)

120 min 87 (65–110)

Delta flow, % +124 (+71 to +200)

RR, mm Hg/ml/min

0 min 0.57 (0.46–0.87)

20 min 0.34 (0.26–0.53)

40 min 0.28 (0.22–0.47) – –

60 min 0.28 (0.22–0.41)

120 min 0.28 (0.23–0.36)

Delta RR, % −60 (−67 to −48)

sCr, mg/dl

At KT 6.1 (4.6–7.9) 7.1 (5.9–8.2) 0.22

7 days after KT 2.2 (1.5–5.4) 4.3 (2.7–8.1) 0.03

CRR7 57.9 (31.6–72.7) 36.2 (3.0–56.2) 0.045

≤70% 16 (69.6) 28 (87.5) 0.17

eGFR (ml/min/1.73 mq)a

At KT 12 (8–15) 10 (9–13) 0.27

7 days after KT 26 (14–49) 19 (10–32) 0.051

Delta value 15 (4–34) 7 (0–13) 0.051

Need for dialysis first week 2 (8.7) 11 (34.4) 0.051

LOS days 11 (9–13) 15 (11–24) 0.01

Abbreviations: ADPKD, autosomal dominant polycystic disease; BMI, body mass index; CIT, cold ischemia time; CRR7, creatinine reduction ratio at day 7; 
CVA, cerebrovascular accident; DM2, diabetes mellitus type 2; eGFR, estimated glomerular filtration rate; GN, glomerulonephritis; ICU, intensive care unit; 
KDPI, kidney donor profile index; KDRI, kidney donor risk index; KT, kidney transplant; LOS, length of stay; RR, resistance; sCr, serum creatinine; VAS, 
vasoactive Score.
aeGFR estimated using the EPI-CKD formula.

T A B L E  1   (Continued)
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age, and Karpinski Score all failed to predict post-KT 
DGF.

Four thresholds for initial RR were investigated, respec-
tively 0.4, 0.5, 0.75, and 1.0 mm Hg/ml/min, approximately 
corresponding to the fifteenth centile, the fourth, the seventh, 
and the ninth decile. The cut-off value of 0.5 mm Hg/ml/min 
showed the highest sensitivity and specificity (82.4 and 83.3, 
respectively), with an excellent DOR of 23.4.

We thus divided our population into two groups: 
Low-RR Group (initial resistances <0.5 mm Hg/ml/
min; n  =  8) and High-RR Group (initial resistances 
≥0.5 mm Hg/ml/min; n = 15).

Table  3 reports the donor-, recipient-, and perfusion-
specific characteristics of the 23 transplanted cases strati-
fied into the two groups.

No substantial differences in donor characteristics were 
reported between the two groups. The median CIT was 
slightly inferior in the Low-RR Group (375 vs. 380 min; 
P = 1.00), while perfusion duration was markedly inferior, 
although not significant (183 vs. 267; p = 0.20). As previ-
ously reported, all grafts were perfused for at least 2 h. The 
longest perfusion time was 7.4 h.

All the variables related to HMP are reported in Table 3 
and Figure  1. Figure  2 showed the RR trend of all the 
grafts undergoing HMP.

Significant differences between the two groups were 
observed in terms of renal flows and RRs. By defini-
tion, at the start of HMP, grafts in the High-RR group 
showed higher median RRs (0.76 vs. 0.43 mm Hg/ml/min; 
p < 0.001) and consequently lower flows (32 vs. 53 ml/min; 
p = 0.008). While both groups showed a decrease of RR 
with time and a corresponding increase in flow, significant 
differences between the two groups could still be observed 
after 2 h of perfusion, with High-RR cases still presenting 
higher RRs (0.33 vs. 0.23 mm Hg/ml/min; p  =  0.04) and 
lower flows (80 vs. 98 ml/min; p = 0.03).

After perfusion, all grafts were successfully transplanted. 
Concerning early recovery of renal function, although me-
dian sCr values 7 days after KT were markedly lower in the 
Low-RR Group (1.7 vs. 3.4 mg/dl), this difference was not 
statistically significant (p = 0.29). According to the classical 
definition of DGF, namely the need for dialysis during the 
first week after transplant, no differences were observed be-
tween the groups, with 2/15 (13.3%) versus zero cases found 
in the High- versus Low-RR Group, respectively (p = 0.53). 
However, when DGF was defined as a CRR7 ≤ 70%, the 
number of DGF cases in the High-RR Group was statisti-
cally significantly superior (86.7 vs. 13.3%; p = 0.03).

Although not statistically significant, the median 
length of stay was shorter in the Low-RR Group (11 vs. 
12 days; p = 0.27).

Both grafts lost after transplant showed an initial RR 
>0.5 mm Hg/ml/min. Three-year graft survival rates were 
100.0 versus 86.7% in Low-RR versus High-RR Groups, re-
spectively (p = 0.31) (Figure 3).

4   |   DISCUSSION

In the present study, we observed that the use of in-house 
HMP resulted in low rates of DGF and 3-year graft loss 
(2/23; 8.7%), even when used in grafts with an impaired his-
tological status (Karpinski >3). Compared with a group of 
non-perfused grafts with Karpinski >3, the perfused grafts 
consented to obtain a better decline of sCr, a reduction in 
the number of cases needing dialysis, and shorter LOS.

Several previously published preclinical and clin-
ical studies investigated the mechanisms underlying 
the positive effect of HMP. For example, a link between 
HMP and preservation of the endothelial lining was 
found.14 Chatauret et al. demonstrated that non-
oxygenated machine perfusion preservation increased the 

Variables AUC SE

95%CI

pLower Upper

RR initial time 0.83 0.09 0.67 1.00 0.02

RR 120 min 0.81 0.12 0.58 1.00 0.03

Flow initial time 0.26 0.11 0.05 0.47 0.09

Karpinski Score 0.71 0.11 0.49 0.92 0.14

Donor sCr 0.62 0.15 0.34 0.91 0.38

Initial RR Sensitivity Specificity DOR

0.4 mm Hg/ml/min 87.5 14.3 1.2

0.5 mm Hg/ml/min 82.4 83.3 23.4

0.75 mm Hg/ml/min 52.9 100.0 ∞

1.0 mm Hg/ml/min 29.4 100.0 ∞

Abbreviations: AUC, area under the curve; CI, confidence intervals; DOR, diagnostic odds ratios; RR, 
renal resistances; sCr, serum creatinine; SE, standard error.

T A B L E  2   Prediction of CRR7 ≤ 70% 
and RR threshold values investigation
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T A B L E  3   Donor-, recipient-, and perfusion-related characteristics in the two groups of low and high RR

Variables

Low-RR (n = 8) High-RR (n = 15)

p-valueMedian (IQR) or n (%)

Donor-specific variables

KDRI 1.47 (1.30–2.00) 1.68 (1.38–2.22) 0.43

KDPI 85 (76–97) 92 (81–99) 0.51

Total Karpinski Score 4 (4–4) 4 (4–5) 0.27

4 7 (87.5) 9 (60.0) 0.35

5 1 (12.5) 4 (26.7) 0.62

6 0 (–) 2 (13.3) 0.53

Age, years 60 (56–78) 67 (61–74) 0.21

Male, gender 6 (75.0) 6 (40.0) 0.19

Weight, kg 83 (76–90) 80 (73–90) 0.47

Height, cm 179 (165–180) 168 (164–177) 0.21

BMI 28 (26–31) 27 (26–31) 1.00

sCr, mg/dl 1.2 (0.9–1.8) 1.4 (0.8–1.4) 0.68

Sodium peak, mEq/L 152 (150–161) 150 (144–150) 0.02

ICU stay, days 4 (2–7) 5 (2–5) 0.83

VAS 30 (11–61) 5 (0–50) 0.33

Story of hypertension 4 (50.0) 8 (53.3) 1.00

Story of DM2 4 (50.0) 3 (20.0) 0.18

Story of smoking 4 (50.0) 6 (40.0) 0.69

Story of cardiopathy 1 (12.5) 3 (20.0) 1.00

Story of hepatopathy 2 (25.0) 0 (–) 0.11

Story of dyslipidemia 1 (12.5) 3 (20.0) 1.00

Cause of death

Anoxia 0 (–) 1 (6.7)

Blunt trauma 1 (12.5) 4 (26.7) 0.52

CVA 7 (87.5) 10 (66.7)

Episode(s) of hypotension 4 (50.0) 2 (13.3) 0.13

Episode(s) of cardiac arrest 2 (25.0) 1 (6.7) 0.27

Recipient-specific variables

Age, years 58 (53–64) 63 (57–69) 0.21

Male, gender 5 (62.5) 8 (53.3) 1.00

Weight, kg 71 (56–77) 71 (70–76) 0.89

Height, cm 165 (161–165) 165 (160–165) 0.86

BMI 24 (20–28) 24 (24–27) 0.39

Renal pathology 0.13

ADPKD 2 (25.0) 2 (13.3)

Angiosclerosis 0 (–) 2 (13.3)

DM2 1 (12.5) 1 (6.7)

GN 2 (25.0) 1 (6.7)

Lupus 2 (25.0) 0 (–)

Re-KT 1 (12.5) 1 (6.7)

Other 0 (–) 3 (20.0)

Unknown 0 (–) 5 (33.3)

(Continues)



1778  |      RENAL RESISTANCES DURING PERFUSION 

phosphorylation of eNOS with an AMPK-dependent path-
way in the renal cortex at the end of the procedure and in 
the renal artery after re-oxygenation.15 HMP also showed 
effectiveness in reducing the ischemia/reperfusion injury 
by decreasing pro-inflammatory cytokines expression and 
adhesion molecules such as ICAM-1.16 From the bench to 
the clinics, a recent Cochrane systematic review based on 
16 studies (N = 2266) comparing HMP with cold storage 
showed an overall reduction of 22.0% for the risk of DGF 
in DBD donors (p = 0.006).10

In our series, no statistical relevance was reported in 3-
year death-censored graft survival, although better surviv-
als were reported in the perfused group (91.3% vs. 77.0%). 
These results are probably connected with the small sam-
ple size of the investigated population.

Moreover, we highlighted the potential for using the 
additional information gathered during perfusion (such 
as RR) as a useful selection tool. As for the role of RR in 
the selection of the perfused grafts, evidence in the existing 
literature is weaker. This result may be mainly ascribed to 

Variables

Low-RR (n = 8) High-RR (n = 15)

p-valueMedian (IQR) or n (%)

Time of dialysis, years 5 (3–8) 5 (4–5) 0.74

Arterial hypertension 7 (87.5) 11 (73.3) 0.62

CIT, min 375 (269–479) 380 (300–405) 1.00

Perfusion-specific variables

Perfusion, min 183 (126–311) 267 (156–365) 0.20

Flow, ml/min

0 min 53 (50–78) 32 (17–53) 0.008

20 min 96 (81–124) 53 (35–82) 0.009

40 min 95 (90–126) 65 (50–97) 0.03

60 min 95 (89–127) 71 (54–102) 0.03

120 min 98 (89–128) 80 (60–92) 0.03

Delta flow (from 0 to 120), % +61 (+14 to +142) +140 (+96 to +231) 0.02

RR, mm Hg/ml/min

0 min 0.43 (0.31–0.48) 0.76 (0.57–1.35) <0.001

20 min 0.27 (0.31–0.48) 0.50 (0.32–0.73) 0.005

40 min 0.23 (0.20–0.26) 0.43 (0.26–0.57) 0.007

60 min 0.23 (0.20–0.27) 0.35 (0.25–0.43) 0.01

120 min 0.23 (0.19–0.28) 0.33 (0.26–0.40) 0.04

Delta RR (from 0 to 120), % −41 (−57 to −6) −63 (−70 to −54) 0.001

sCr, mg/dl

At KT 6.2 (5.5–7.6) 6.1 (4.1–8.9) 0.83

7 days after KT 1.7 (1.5–3.4) 3.4 (1.5–5.4) 0.29

CRR7 72 (52–78) 46 (29–63) 0.07

≤70% 3 (13.3) 13 (86.7) 0.03

eGFR (ml/min/1.73 mq)a

At KT 13 (9–14) 11 (7–18) 0.83

7 days after KT 45 (12–52) 22 (14–39) 0.68

Delta value 32 (5–40) 11 (4–25) 0.29

Need for dialysis 1st week 0 (–) 2 (13.3) 0.53

LOS days 11 (9–12) 12 (9–15) 0.27

Abbreviations: ADPKD, autosomal dominant polycystic disease; BMI, body mass index; CIT, cold ischemia time; CRR7, creatinine reduction ratio at day 7; 
CVA, cerebrovascular accident; DM2, diabetes mellitus type 2; eGFR, estimated glomerular filtration rate; GN, glomerulonephritis; ICU, intensive care unit; 
KDPI, kidney donor profile index; KDRI, kidney donor risk index; KT, kidney transplant; LOS, length of stay; RR, resistance; sCr, serum creatinine; VAS, 
vasoactive Score.
aeGFR estimated using the EPI-CKD formula.

T A B L E  3   (Continued)
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potential selection biases in studies investigating this as-
pect, such as grafts being systematically discarded based on 
arbitrarily defined RR thresholds.17 However, we should 
emphasize that, in our series, no organ was refused due to 
high RR values; organ discard before perfusion was based 
on the presence of microscopic or macroscopic adverse 
conditions (i.e., pyelonephritis, diffuse atherosclerosis).

A study from China based on 76 grafts from deceased-
cardiac donors showed that terminal RRs were an indepen-
dent predictor of DGF (odds ratio [OR] = 3.12; p = 0.01) 
and graft survival (hazard ratio [HR] = 2.06; p = 0.03).18 
The same group even proposed a scoring model able to 

identify the risk of DGF based on the combination of 
HMP duration (OR  =  1.17; p  =  0.043), RR (OR  =  2.19; 
p < 0.001), and flow rate (OR = 0.93; p = 0.01).19

Sandal et al. identified two different terminal RR 
thresholds able to predict the risk for death-censored 
graft failure, namely 0.2 (HR  =  2.42; p  =  0.04) and 0.4 
(HR = 2.67; p = 0.07) mm Hg/ml/min.12

An Italian study based on 35 KT performed using ECD 
showed that recipients of kidneys with RR ≤1.0 within 1 h 
of HMP had a lower PNF/DGF rate (11 vs. 44%; p = 0.03) 
and faster sCr decrease (post-KT day 10: 1.79 mg/dl vs. 
4.33 mg/dl; p = 0.02).8

F I G U R E  1   Median flow (A) and RR (B) changes during the HMP at different time points in the low-RR and high-RR groups. Y-axis 
reports the median values of flow expressed in ml/min (A), and the median values of RR expressed in mm Hg/ml/min (B). [Color figure can 
be viewed at wileyonlinelibrary.com]

F I G U R E  2   RR changes at different 
time points observed in the 23 patients 
transplanted. Y-axis reports the values of 
RR expressed in mm Hg/ml/min. [Color 
figure can be viewed at wileyonlinelibrary.
com]

https://onlinelibrary.wiley.com/
https://onlinelibrary.wiley.com/
https://onlinelibrary.wiley.com/
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Likewise, our results showed a correlation between RR 
and DGF. Interestingly, while our study found RR at the be-
ginning of perfusion to be most predictive of DGF, many pre-
vious studies reported terminal RR as most predictive.8,12,18,19 
In our series, initial RR showed an excellent AUC = 0.83 for 
the diagnosis of DGF, with the cut-off = 0.5 mm Hg/ml/min 
presenting excellent sensitivity = 82.4 and specificity = 83.3.

More specifically, investigating this threshold, we observed 
that cases starting with a higher initial RR (>0.5 mm Hg/ml/
min) maintained higher RR and lower flows even after 2 h 
of perfusion, although all of them showed a significant im-
provement in these latter values. These data suggest that the 
perfusion starting-point status could be valuable additional 
information for determining the global graft quality. We can 
postulate that diffuse chronic histological alterations (such 
as interstitial fibrosis or atherosclerosis) that are poorly in-
vestigable in their entity through biopsy alone could be better 
accounted for using the initial value of RR. That continuous 
perfusion cannot minimize their negative effect in the post-
transplant clinical course.

As for the postoperative course, initial RR was cor-
related with recovery of early graft function as defined by 
CRR7. Better results were observed in the Low-RR Group 
(CRR7 ≤ 70%: 13.3 vs. 86.7%; p = 0.03). Although we also 
reported a trend for initial RR associated with a lower need 
for dialysis and shorter length of stay, a similar significant 
predictive value could not be demonstrated, possibly due 
to the limited number of patients in our study.

Our study's peculiarity is that we investigated the po-
tential role of RR during in-house HMP as a tool to select 
which grafts could be usable for a single KT in histologi-
cally impaired (Karpinski>3) DBD grafts.

The decision to use these organs for performing a single 
transplant overrules the Remuzzi Score recommendation 
of limiting the use of kidneys for a single KT to a Karpinski 
Score ≤3.20 However, growing evidence suggests that these 
recommendations could be slightly modified under specific 
conditions. For example, an Italian study proposed modifying 
the decision protocol, considering the scores 4–5 as usable for a 
single KT if donor glomerular filtration rate was ≥60 ml/min21

F I G U R E  3   Three-year death-
censored graft survival rates observed in 
the low-RR perfused, high-RR perfused, 
and non-perfused groups.
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Another study comparing the results after a single 
KT selected on clinical grounds alone versus clinical-
histological protocol did not show any difference in graft 
survival and long-term sCr values22

In a study performed by Bissolati et al., in which the 
histological features were investigated in the context of 
reconditioned organs, Karpinski Score did not correlate 
with PNF/DGF rate (p = 0.87) and postoperative sCr trend 
(p  =  0.80).8 These data are in line with our findings, in 
which the postperfusion results were excellent, although 
non-standard organs were used for a single KT

All these aspects allow for some speculation on the 
observed results. For example, initial RR may be used as 
a non-invasive method for organ viability assessment, of-
fering a valuable source of additional information com-
pared to biopsy score alone. RR May have the potential to 
improve the evaluation of the quality of the entire cortex, 
whereas a biopsy is unfortunately only able to offer infor-
mation on a small number of nephrons, tubules, and ves-
sels. This limitation is well recognized in some studies, in 
which the risk of unnecessarily discarding organs due to 
renal biopsy results is underlined22,23

Furthermore, HMP helps minimize the deterioration pro-
cess in the perfused organ seen in cold storage, mainly by lim-
iting ischemia–reperfusion injury, a well-recognized risk factor 
for poor outcomes and increased immunological accidents. 
The use of HMP may thus expand the pool of transplantable 
kidneys with non-standard organs, although without risk of 
jeopardizing the outcome. In addition, data on pretransplant 
HMP RR could be helpful to refine the posttransplant surveil-
lance and tailoring the most appropriate immunosuppressive 
regimen. In support of this claim, a study from Poland showed 
that patients with initially low RR (<0.19 mm Hg/ml/min) pre-
sented two-fold lower rates of acute rejection compared to pa-
tients transplanted with grafts with RR≥0.19 mm Hg/ml/min24

All these speculations require further studies and more 
extensive series, with the intent to construct mathemati-
cal models aimed at “weighing” the valuable role of hy-
pothermic reconditioning and the selective role of RR in 
combination with the other histological features

The present study has some limitations. As in many pre-
vious publications, this is a preliminary experience based on 
a small number of patients. Although we intended to identify 
a potential RR cut-off with the discriminative ability for DGF, 
the population we studied to obtain our RR threshold of >0.5 
was too small to warrant its clinical application. Indeed, the 
positive predictive value of the threshold was relatively low. 
Only two of 15 cases with a high initial RR developed DGF. 
We can only propose to use the RR values as part of a broader 
assessment of donor quality. Another limit is that this was a 
monocentric study. Therefore, the outcome could potentially 
be influenced by local prerogatives. Multicenter studies are 
needed with the intent to overcome the present limitations

In our series, we used basiliximab instead of thymo-
globulin for induction therapy. This strategy derived from 
the major experience of our center in managing the an-
ti-CD25 monoclonal antibody in a setting in which we 
explored the efficacy of HMP in marginal grafts. In con-
sideration of the potential benefits of thymoglobulin in 
this type of patient should appear (marginal kidneys with 
increased susceptibility to CNI toxicity), we are confident 
to implement the use of this drug in the future

Lastly, the retrospective nature of the analysis impaired 
our ability to obtain relevant pieces of information obtain-
able from the biopsies, like the degree of acute tubular 
necrosis. Prospective collection of data in well-designed 
prospective studies is required for improving our knowl-
edge on the correlation between graft histological dam-
ages and posttransplant course

5   |   CONCLUSIONS

Using in-house HMP for preconditioning kidneys with a 
Karpinski score >3 resulted in reduced DGF and 3-year graft 
loss rates compared with non-perfused grafts. However, 
these results are not statistically relevant due to the small 
sample size reported, and a larger dataset is required for 
confirming the positive impact of HMP. Initial RR repre-
sents a helpful parameter for selecting non-standard organs 
to be safely used for single KT, even in impaired histological 
findings. Initial RR has also been shown to hold a substan-
tial predictive value for early recovery of renal function
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