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To overcome the shortage of donor grafts in kidney transplantation (KT), the use of
marginal grafts has evolved. However, prolonged cold ischemic time (CIT) is especially
critical when using marginal grafts. Recently, hypothermic machine perfusion (HMP)
has been used to overcome the negative effects of prolonged CIT, and we report the
first use of HMP in Korea. The donor was a 58-year-old man with severe hypoxia (PaO,
<60 mmHg, FiO, 100%) for 9 hours prior to procurement. The patient's kidneys were
the only organs accepted for transplantation, and both kidneys were assigned to Jeju
National University Hospital. After procurement, the right kidney was preserved using
HMP immediately, and the left kidney was directly transplanted into a patient with a CIT
of 2 hours 31 minutes. The second operation was performed following the first, using
the right kidney graft that had been preserved by HMP for 10 hours and 30 minutes.
Although postoperative graft function gradually recovered in both patients, the serum
creatinine level decreased faster in the HMP patient. Neither patient showed signs of
delayed graft function, and both were discharged without significant complications.
The short-term outcomes in this transplantation of mate kidney grafts demonstrated
that graft function can be safely preserved using HMP, and that HMP is beneficial in
overcoming the negative effects of prolonged CIT.
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INTRODUCTION

Kidney transplantation (KT) is the preferred treatment for
end-stage renal disease (ESRD), as it offers improved sur-
vival rates and quality of life compared to dialysis. How-
ever, a shortage of suitable donor organs remains a major
limitation. Therefore, the use of marginal donors, such as
donors after cardiac death (DCDs) or extended-criteria do-
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nors (ECDs), is increasing [1,2], and preservation methods
that can compensate for marginal-quality grafts are at-
tracting attention. Hypothermic machine perfusion (HMP)
has gradually been accepted for the preservation of grafts
that previously may not have been considered suitable for
transplantation. HMP has also shown better short-term
outcomes in transplanted kidney function compared to
traditional static cold storage (SCS), especially in procured
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HIGHLIGHTS

* To overcome the shortage of kidney donors, the criteria
for deceased donor grafts have been expanded.

* Hypothermic machine perfusion (HMP) has been stud-
ied as a way to recover procured kidney grafts and
overcome the negative impact of prolonged cold isch-
emic time (CIT) in deceased donor kidney transplanta-
tion with marginal donor grafts.

* The first use of HMP in Korea demonstrated that graft
function can be safely preserved and that HMP can be
beneficial in overcoming prolonged CIT, based on the
postoperative short-term outcomes from the same do-
nor in this study.

kidney grafts with a prolonged cold ischemic time (CIT). A
CIT >18 hours has been reported to increase the incidence
of acute tubular necrosis, delayed graft function (DGF),
and graft failure, especially in ECDs [3].

During machine perfusion, the donor kidney is per-
fused with a solution that simulates blood flow and
preserves the organ's optimal physiology. In addition,
machine perfusion theoretically improves graft quality
during organ transportation by removing toxic metabol-
ic products and supplying critical nutrients and oxygen.
Studies have shown that machine perfusion can improve
the survival rates of transplanted kidneys. In a random-
ized controlled trial conducted in the Netherlands, HMP
reduced the risk of DGF and improved 1-year graft surviv-
al compared to cold storage [4]. Another study found that
the use of machine perfusion in DCD kidneys improved
1-year graft survival from 42% to 63% [5].

KT has not been actively performed in patients with
ESRD on Jeju Island in Korea because the island is geo-
graphically isolated. Since it is necessary to use public
air transport to transfer deceased donor grafts from the
mainland, prolonged CIT is inevitable. Furthermore, the
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overall status of the donor grafts assigned to KT recip-
ients in Jeju is inferior to those assigned to mainland
recipients. To overcome these problems in deceased do-
nor KT (DDKT), Jeju National University Hospital (JNUH)
introduced a portable HMP machine. By sharing the first
case of DDKT using HMP in Korea, we hope to promote
active DDKT on Jeju Island as well as the possible nation-
wide application of HMP.

CASE REPORT

This study was approved by the Institutional Review
Board of JNUH (IRB No. JEJUNUH 2023-01-003). Written
informed consent was obtained from the patients for pub-
lication of this case report and the accompanying images.

A 58-year-old man was admitted to JNUH with cardi-
ac arrest due to asphyxia. The heart rhythm resumed, but
he was diagnosed with brain death. The pneumonia-in-
duced asphyxia worsened while in the intensive care unit
(ICU). Even with maximal ventilator support (FiO, 100%),
the patient's oxygen saturation was marginal (85%—90%)
during the last 8—9 hours before procurement. Because
of the donor's prolonged hypoxic condition, only the kid-
neys were accepted as suitable organs for procurement
(Korean Kidney Donor Risk Index [K-KDPI] 50%). Both
kidneys were assigned to JNUH. The left kidney graft was
immediately transplanted into a 64-year-old man (patient
1) who had underlying hypertension and diabetes and
had been on hemodialysis for 3 years. Anti-thymocyte
globulin (ATG) induction was administered to the recipient
based on his human leukocyte antigen matching status
(A1B2DR2 mismatch). The left kidney, which weighed 220
g with a single renal artery and vein, was connected to the
recipient's right external iliac artery (EIA).

During the first operation, the donor's right kidney was
preserved in the HPM instead of traditional SCS to protect
the kidney from ischemic damage. For this purpose, a
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Fig. 1. (A) The renal artery of the right
kidney is connected to the seal ring after
trimming in the bench after procurement. (B)
This seal ring will be connected to a cannula
for the circulation of perfusate in the hypo-
thermic pump machine. The renal vein is
open in the perfusate container for draining
out.
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portable hypothermic perfusion machine (LifePort Kidney
Transporter, Organ Recovery Systems Inc.) was used for
10 hours and 30 minutes (Fig. 1).

The second recipient was a 57-year-old male (patient 2)
with hypertension and a history of left partial nephrectomy
due to renal cell carcinoma (tumor/node/metastasis [TNM]
stage 1A) and had been on dialysis for 1 year. ATG was
used as induction therapy. The right kidney graft weighed
254 g with a single renal artery and vein and was anasto-
mosed to the recipient's right EIA end-to-side fashion (Fig.
2). The total CIT was 12 hours and 34 minutes. All surgical
procedures in both cases were uneventful (Table 1).

Both patients showed good postoperative progress
with sufficient daily urine output from postoperative day

Fig. 2. The transplanted kidney right after anastomosis of the renal artery
and vein. Some purple areas of the kidney quickly turned pink. This kidney
was preserved in the hypothermic perfusion machine before transplanta-
tion.
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(POD) 1 (Fig. 3A). The serum creatinine levels gradually
decreased in both recipients, with a slightly faster rate
of decrease in patient 2 (Fig. 3B). Doppler ultrasound
on PODs 1 and 14 showed a normal range of the resis-
tive index (RI) with good waveform (on POD 14, RI=0.84
in patient 1, and RI=0.74 in patient 2) (Fig. 4). Patient 1
complained of scrotal pain and swelling on POD 5, but
the edema and pain gradually improved with conservative
management. Patient 2 had no specific complications.
Both patients were discharged on PODs 15 (HMP, patient
2) and 22 (SCS, patient 1) without significant events.

DISCUSSION

Machine perfusion refers to the mechanical process of
circulating perfusate through organs extracorporeally. It
is often used during KT procedures to preserve the con-
dition of the procured kidney graft during transportation,
ensuring that it remains viable and functional before it is
transplanted into the recipient. The perfusion machine
works by pumping cold preservation solutions through
the organ, providing it with oxygen and nutrients. Addi-
tionally, machine perfusion prevents accumulation of the
toxic metabolic products that are closely related to apop-
tosis in the organ, helping to keep it in good condition [6].
Machine perfusion includes HMP, which cools organs
to a low temperature to slow metabolic activity, and nor-
mothermic machine perfusion (NMP), which maintains

Table 1. Baseline characteristics of two kidney transplant recipients according to the donor graft preservation method

Characteristic Patient 1 (SCS) Patient 2 (HMP)
Sex Male Male
Age (yr) 64 57

Cause of renal failure
Duration of pretransplant dialysis (yr) 3.5
HLA match status

Induction medication

Diabetes

TA2B2DR mismatch
Anti-thymocyte globulin

Hypertension
1
1A2B1DR mismatch
Anti-thymocyte globulin

Maintenance immunosuppressant

Warm ischemic time (min)
Cold ischemic time
Allograft status

High-dose steroid (500 mg)
Tacrolimus, steroid,
mycophenolate mofetil

53 46
2 hr 31 min 12 hr 34 min (HMP time of 10 hr 30 min included)
Left kidney Right kidney
Single artery and vein Single artery and vein
Weight 220 ¢ Weight 254 g

High-dose steroid (500 mg)
Tacrolimus, steroid,
mycophenolate mofetil
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SCS, static cold storage; HMP, hypothermic machine perfusion; HLA, human leukocyte antigen.
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Fig. 3. The preoperative and postoperative (A) urine outputs and (B) creatinine levels of the two recipients. Both showed sufficient daily urine output
from postoperative day (POD) 1. Although the serum creatinine level gradually decreased in both recipients, the rate of decrease was slightly faster in
the recipient whose graft had been preserved via HMP before transplantation. SCS, static cold storage; HMP, hypothermic machine perfusion.

ABD KBS TIS0.2 MI0.7 RENAL LJS

-0
+ psv 245cmis i | 2
EDV 3.87 cmis

RI 0.84

normal body temperature. Like conventional SCS, HMP is
utilized more often in clinical practice than NMP due to its
relative safety during organ delivery. Technical advances
have also resulted in HMP devices small enough to be
carried by one person during organ transportation [7].

The randomized controlled study conducted in the
Netherlands (2005—2006) showed a lower rate of DGF and
a higher 1-year graft survival in HMP than in SCS [4]. In a
follow-up study published in March 2022, the incidence of
DGF was significantly lower in the cohort studied after the
introduction of machine perfusion than in the historical
cohort that had used conventional SCS. Although there
was no significant difference in graft survival between the
two cohorts over a 2-year period, the safety and feasibil-
ity of HMP were sufficiently demonstrated. Therefore, by
2021, HMP was a national standard for all types of DDKT
in the Netherlands [5].

In Korea, the portable hypothermic perfusion machine
was first approved as an emergency relief medical device
in September 2022, limited to Jeju Island and introduced
to JNUH in December 2022. Because of the unique geo-
graphic situation of Jeju Island, as mentioned in the paper

132

TIS0.3 MI0.9
-0

+ PSV 187 cmis
EDV 4.79 cmis
RI 074

Fig. 4. (A) Kidney Doppler sonography on
postoperative day 14 showing good vascular
flow within the normal range of restrictive
index (RI) in the static cold storage patient
(RI, 0.84) and (B) the hypothermic machine
perfusion patient (RI, 0.74).

on Jeju's first living donor kidney transplant [8], a CIT >18
hours frequently occurred in procured grafts, and was a
critical factor that negatively impacted transplantation
outcomes. Another study conducted in the United King-
dom reported that HMP showed superior early graft func-
tion compared to SCS despite a longer CIT [9]. Based on
these results, the solution to overcoming the regional dis-
advantages of Jeju Island was the introduction of a por-
table perfusion machine. Now, when the transplantation
team at JNUH goes to the mainland for kidney procure-
ment, they can carry a portable machine and start ma-
chine perfusion immediately upon kidney procurement. It
is expected that the use of machine perfusion during CIT
will improve the performance of DDKT on Jeju Island by
minimizing ischemic damage and maintaining healthier
grafts.

In this case report, the donor was a 58-year-old man
(K-KDPI 50%) with no specific medical history other than
panic disorder who was admitted to JNUH with the re-
turn of spontaneous circulation after cardiac arrest due
to asphyxia. Despite appropriate treatment, the patient
was hypoxic (PaO, 50—60 mmHg with FiO, 100%) for the
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last 9 hours before procurement. Therefore, only his kid-
neys were accepted as suitable organs for procurement.
Moreover, since there was only one team capable of KT at
JNUH at the time, the second transplant operation could
only be performed following completion of the first opera-
tion. Therefore, the second operation inevitably had a long
CIT of >10 hours that could have a critical effect on the
kidney transplant results for patient 2. As a workaround,
we decided to perform machine perfusion on the kidney
assigned to patient 2. After 10 hours and 30 minutes of
machine perfusion, the second kidney was safely trans-
planted and patient 2 progressed as well as patient 1.

According to several studies, HMP has a lower inci-
dence of DGF when compared to SCS as well as better
early graft function in DCD KT [10-12]. This result was re-
inforced by the previously mentioned Dutch study, which
compared the incidence of DGF in subgroups [4] and
showed a higher preference for machine perfusion in DCD
than in donation after brain death. Therefore, machine
perfusion benefits the grafts from DCD, which are pre-
sumed to have greater exposure to hypoxic damage.

Several studies have shown that machine perfusion is
more beneficial in the recovery of marginal donor grafts
than SCS, even in cases with a CIT <16—18 hours. Nota-
bly, the recovery effect of machine perfusion in DCDs with
marginal graft function can be even greater. In our case,
the K-KDPI of the donor was 50%, and the hypoxic con-
dition persisted for approximately 10 hours before organ
procurement, much like a DCD donor. Therefore, even with
a CIT of 10 hours, we decided to apply HMP for organ re-
covery purposes, which resulted in an encouraging short-
term outcome.

Our case report showed that the kidney from a hypoxic
donor with a prolonged CIT (compared to the average in
Korea) could be transplanted safely by using HMP. Inter-
est in DCD and ECD transplantation has also been rising
in Korea since the first DCD KT in 2020 [13,14]. We believe
that expanded use of machine perfusion will be needed,
not only on Jeju Island, but nationwide in the transplan-
tation of kidneys vulnerable to ischemic damage. Future
large-scale studies of DDKT using machine perfusion
should be conducted in Korea. In addition, parallel studies
of molecular biology and pathology in relation to machine
perfusion are necessary to prove its effectiveness.

The first use of HMP at JNUH in Korea demonstrated
that graft function can be safely preserved using HMP,
and that HMP is beneficial in overcoming prolonged CIT
damage based on the short-term transplantation out-
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comes of kidney grafts from the same donor.
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