American
Journal
of

Case © Am) Case Rep, 2017, 18 1009-1013
Re o rts DOI: 10.12659/AJCR.905377
e oot Successful Dual Kidney Transplantation After
publihed: 20170520 Hypothermic Oxygenated Perfusion of Discarded
Human Kidneys

Authors’ Contribution: acoer 1 Matteo Ravaioli 1 Department of Medical and Surgical Sciences, S. Orsola-Malpighi Hospital, Aima
Study Design A ABCDEF 1 Vanessa De Pace Mater Studiorum, University of Bologna, Bologna, Italy
Data Collection B Gi iacC . 2 Department of Experimental Diagnostic and Specialty Medicine, S. Orsola-
Statistical Analysis C DF 2 lorgia Lomali Malpighi Hospital, Alma Mater Studiorum, University of Bologna, Bologna, Italy
Data Interpretation D BF 2 Marco Busutti
Manuscript Preparation E pF 1 Massimo Del Gaudio
Literature Search F A li A d .
Funds Collection G DF 1 nnalisa Amaduzzi
cofF 1 Alessandro Cucchetti
1 Antonio Siniscalchi
2 Gaetano La Manna
2 Antonietta A.D. D’Errico
ADG 1 Antonio Daniele Pinna
Corresponding Author: Vanessa De Pace, e-mail: vanessa.depace@hotmail.it; mraval@hotmail.com
Conflict of interest: None declared
Source of support: Funding sources were provided by “Fondazione del Monte” and University of Bologna

Patient: Female, 58
Final Diagnosis: Nephroangiosclerosis
Symptoms: Renal failure
Medication: -
Clinical Procedure: Resuscitation of grafts by hypothermic oxygenated perfusion
Specialty: Transplantology

Objective: Challenging differential diagnosis

Background: The recovery of discarded human kidneys has increased in recent years and impels to use of unconventional
organ preservation strategies that improve graft function. We report the first case of human kidneys histolog-
ically discarded and transplanted after hypothermic oxygenated perfusion (HOPE).

Case Report: Marginal kidneys from a 78-year-old woman with brain death were declined by Italian transplant centers due
to biopsy score (right kidney: 6; left kidney: 7). We recovered and preserved both kidneys through HOPE and
we revaluated their use for transplantation by means of perfusion parameters.

The right kidney was perfused for 1 h 20 min and the left kidney for 2 h 30 min. During organ perfusion, the
renal flow increased progressively. We observed an increase of 34% for the left kidney (median flow 52 ml/min)
and 50% for the right kidney (median flow 24 ml/min). Both kidneys had low perfusate’s lactate levels. We
used perfusion parameters as important determinants of the organ discard.

Based on our previous organ perfusion experience, the increase of renal flow and the low level of lactate fol-
lowing 1 h of HOPE lead us to declare both kidneys as appropriate for dual kidney transplantation (DKT). No
complications were reported during the transplant and in the post-transplant hospital stay. The recipient had
immediate graft function and serum creatinine value of 0.95 mg/dL at 3 months post-transplant.

Conclusions: HOPE provides added information in the organ selection process and may improve graft quality of marginal
kidneys.
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Background

In recent years, organ preservation strategies have become a
research area of strong interest in the increased trend to re-
cover discarded human kidneys [1]. High-risk donation requires
an appropriate evaluation of eligibility and alternative meth-
ods of organ preservation to prevent preservation injury, to re-
store graft viability, and to improve post-transplant function [2].

Based on age, donor history, renal function, perfusion in situ,
macroscopic aspects, or histological evaluation, organs are
declared transplantable or untransplantable. Donors who are
classified as marginal due to age, type of death, hypertension,
and renal dysfunction (ECD, expanded criteria donors) [3] need
histological analyses to quantify viable renal mass and pre-
dict the outcome of kidney transplantation (KT). As reported
in animal experiments, an inadequate volume of transplant-
ed nephron mass negatively affects functional recovery of
the graft [4]. Similarly, 2 marginal kidneys can be used in the
transplantation to prevent graft failure in suboptimal organ
donation. Several studies have compared marginal dual kid-
ney transplantation (DKT) and ideal single kidney transplanta-
tion (SKT), and the use of 2 marginal kidneys in the same re-
cipient is becoming a widespread and successful procedure.
Both transplant options show comparable data on renal func-
tion retrieval and graft survival [5].

Various organ perfusion techniques have been developed to
optimize the use of high-risk grafts. Several clinical studies
demonstrated that hypothermic machine perfusion (HMP) im-
proves graft quality and reduces delayed graft function [6-8].
Oxygenation during HMP provides the additional O, needed
in the hypothermic condition and prevents hypoxia injury [9],
increasing adenosine triphosphate (ATP) content [10]. At pres-
ent, ex vivo normothermic perfusion (EVNP) is used to assess
and resuscitate discarded human kidneys [11,12].

Here, we used ex vivo hypothermic oxygenated perfusion (HOPE)

to recover 2 marginal human kidneys that were declined due to
biopsy score, and used them for DKT, with favorable outcome.

Case Report

Donor kidney selection process

To allocate marginal organs for SKT or DKT, the Italian guide-
lines recommend a pre-implantation biopsy for histological
evaluation.

Donor renal pathology was quantified on the basis of Karpinski
histological score [13], which has proven to be a good prog-
nostic factor for graft selection [14].
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In accordance with Remuzzi’s histological selection process, or-
gans with renal scores of 3 or less are suitable for SKT, those
with renal scores 4 to 6 are appropriate for DKT, and those
with renal scores of 7 or more are discarded [5].

Donor data

The ECD donor was a 78-year-old woman who died for an in-
tracranial hemorrhage (ICH) and was a donor after brain death.
Donor risk factors were hypertension and arterial vascular dis-
ease. Use permission for organ donation was obtained from
the relatives. The final donor serum creatinine (sCr) was 0.85
mg/dL and glomerular filtration rate (eGFR) was 55.27 ml/min.
Histological analyses were performed by 2 renal pathologists,
who both reported a score of 6 for the right kidney and 7 for
the left kidney (Table 1A). Due to the histological findings, oth-
er transplant centers declined both kidneys. We decided to re-
cover the grafts and preserve them by means of HOPE. Donor
aspects are detailed in Table 1A.

Recipient data

A 58-year-old female patient with chronic renal insufficiency
due to nephroangiosclerosis and listed for transplantation at
our center was selected for DKT. The informed consent to re-
ceive an ECD organ preserved by HOPE was signed by the re-
cipient. In the clinical history of the patient, hypertension and
hypothyroidism were reported. The peritoneal dialysis time was
more than 2 years and sCr was 10.91 mg/dL before transplant.
Recipient aspects are detailed in Table 1B.

Ex vivo hypothermic oxygenated perfusion

Following static cold storage with Celsior solution performed
during hospital transfer and surgical back-table, organs were
connected to the perfusion device through sterile disposable
tubes dissectioning and incannulating renal artery with vas-
cular cannula specified for artery size. HOPE was performed
using Celsior as fluid perfusion (1 L of total volume) at 4°C, a
renal artery pressure of 25 mmHg, and keeping the oxygen par-
tial pressure (pO,) between 600 mmHg and 750 mmHg. Flow,
pressure, and temperature values were monitored continuous-
ly. Oxygen and carbon dioxide partial pressure (pO, and pCO,),
pH, and lactate production were monitored every 15 min by
means of hemo-gas analysis of the effluent perfusate. Data
prior to (TO) and after treatment (T1) are reported in Table 1C.

The perfusion time was of 2 h 30 min for the left kidney and
1 h 20 min for the right kidney, without any adverse events.
During HOPE, there was a 34% progressive increase of the renal
flow for the left kidney (median flow 52 ml/min) and 50% for
the right kidney (median flow 24 ml/min). The recommended
oxygen levels were adequately provided, and carbon dioxide
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Table 1. Donor, recipient and organ perfusion data.

(A) Demographic, clinical and histological data of the donor.

Age 78
Csex Female
et %
Bloodgrowp A+
' Cause ofdeath IcH
CsCrmgrd) o085
 Cockroft (mUmin) 5597
Karpinskiscore  RightK  LleftK
 Glomerulosclerosis T 1
Interstitial fibrosis T 1
Tubularatrophy T 2
 Aterial/arteriolar narowing 5 3
Tl 6 7

(B) Demographic and clinical data of therecipient.

Cockroft (ml/min) 3.9

production was not observed due to extracorporeal CO, elim-
ination advocated by the oxygenator. Each kidney had perfus-
ate lactate level lower than 1.2 mmol/L at T1.

No bacterial or fungal contamination was detected from mi-
crobiological cultures performed on the perfusion fluid be-
fore and after HOPE.

Based on our previous organ perfusion experience [15], the
increase of renal flow and the low level of lactate following 1
h of HOPE led us to deem both kidneys as transplantable for
a dual kidney transplantation.

Kidney transplant and patient outcome

In accordance with the standard procedure, DKT was per-
formed without any complications and both kidneys were
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(€) Perfusion and metabolic parameters of the discharged
kidneys.

Flow median (ml/min) 24 52
Pressure (nmHg) 25 25
ResistenceRu 14 048
Temperatwe  4C wc
CTime 1h20min  2h30min
CpHO w8 682
pco,To(mmHg 6 <
po,TO(mmHg) sS4 a3
ClatTo(mgdy) 27 36
CpHTL 693 <680
pCo,TI(mmHg s 6
O, TI(mmHg) 648 675
ClatTimga) 119

implanted into the right iliac fossa after 10 h 50 min of cold
ischemic time (CIT) for the left kidney and 11 h 50 min for
the right kidney. Each artery and vein anastomosis was con-
structed to the external iliac vessels and each ureter-bladder
anastomosis was over a single stent. Postoperative manage-
ment and immunosuppression therapy, based on a standard
regimen of thymoglobulin infusion, steroids, tacrolimus, and
mycophenolate mofetil, were followed according to the stan-
dard protocols [16].

The recipient had immediate graft function (IGF) [17], with
1.18 mg/dL sCr at 5 days after the operation and 1000 cc/die
of diuresis (Figure 1A). As result of a good graft function, at
discharge, sCr was 1 mg/dL and at 3 months post-DKT, it was
0.95 mg/dL, (Figure 1B).

Discussion

Thanks to the efforts of the Dual Kidney Transplant Group
(DKG) [5] during the last 2 decades, the dual transplant of mar-
ginal kidneys shows positive results and is helping to increase
the number of available allografts. However, the use of mar-
ginal kidneys is complex and risky. In determining transplanta-
tion eligibility, there are many aspects to assess and compare.
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Figure 1. (A) Diuresis of the recipient before and after transplantation. (B) Urea and serum creatinine levels of the recipient before and

after transplantation.

Histology score is not the only aspect to consider for SKT
or DKT assignment. Carta et al. reported that an organ with
score of 4 or 5 can be allocated for SKT if the eGFR donor is
>60 ml/min [18]. Some authors had added that, besides the
histological score, the parameters of machine perfusion are
important determinants in deciding to discard an organ [19].
Our organ allocation system enrolls kidneys with scores of 4
for SKT when donors are under age 75 and have normal sCr.
However, it is not reported as a DKT with a total score above
12. We report the first case of dual kidney transplantation
with an allocation biopsy score over the limits of transplan-
tation eligibility in according to the Remuzzi’s histological se-
lection process [5].

The kidneys were determined as untransplantable according
to histological results. However, the vascular disease result-
ed in major histological damage, and a normal value of sCr,
despite an eGFR of less than 60 ml/min, led us to reevaluate
these organs for the machine perfusion. Flow and resistance
parameters may help in kidneys selection [19]. Both kidneys
were perfused sequentially without prolonged CIT: during the
surgical preparation of the second organ (right kidney), HOPE
was started for the first organ (left kidney). Despite the worse
histology score, the left kidney had a higher flow than the right
kidney, but at T1 both organs had an increased flow and de-
creased resistance, as evidence of the hydrostatic effects of
perfusion on intrarenal vasoconstriction [20]. After HOPE, the
kidneys were implanted without intra-operative or post-oper-
ative complications. The recipient had good IGF and good lev-
els of sCr at 3 months post-DKT.

In this reported case, HOPE appears as a useful tool for reeval-
uating and improving organ quality of marginal kidneys that
were discarded due to the histological score, but with a suit-
able renal function. In the absence of a standard approach to

allocate marginal organs, the information gained during per-
fusion is useful in the selection process in addition to the his-
tological findings and donor risk factors. There are currently
no data about use of HOPE in human KT.

Other authors reported similar cases of discarded kidneys with
EVNP [11,12]. This strategy restores organ physiological condi-
tions and permits assay of the graft function during perfusion.

A recent study investigated use of HOPE in rat kidneys ob-
tained from donors after cardiac death, showing HOPE is su-
perior to other preservation techniques, such as EVNP [21]. The
efficacy of HOPE in the transplant of marginal human kidneys
is unknown, and further study is needed to evaluate the pos-
sible effect of this type of perfusion on immunomodulatory
molecules such as NGAL or others [22,23]. To the best of our
knowledge, this is the first case report of human kidneys his-
tologically discarded and transplanted after HOPE.

Conclusions

HOPE may help clinicians in the organ selection process and
improve graft quality of marginal kidneys. A clinical study is re-
quired to demonstrate the effects of HOPE on graft outcomes.
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