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Background: Ischemia-reperfusion injury (IRI) has been considered an inevitable event

in organ transplantation since the first successful kidney transplant was performed

in 1954. To avoid IRI, we have established a novel procedure called ischemia-free

organ transplantation. Here, we describe the first case of ischemia-free kidney

transplantation (IFKT).

Materials and Methods: The kidney graft was donated by a 19-year-old brain-dead

donor. The recipient was a 47-year-old man with end-stage diabetic nephropathy. The

graft was procured, preserved, and implanted without cessation of blood supply using

normothermic machine perfusion.

Results: The graft appearance, perfusion flow, and urine production suggested that

the kidney was functioning well-during the whole procedure. The creatinine dropped

rapidly to normal range within 3 days post-transplantation. The levels of serum renal

injury markers were low post-transplantation. No rejection or vascular or infectious

complications occurred. The patient had an uneventful recovery.

Conclusion: This paper marks the first case of IFKT in humans. This innovation may

offer a unique solution to optimizing transplant outcomes in kidney transplantation.

Keywords: kidney transplantation, ischemia-reperfusion injury, normothermic machine perfusion, ischemia-free

kidney transplantation, ischemia-free organ transplantation

INTRODUCTION

Since the first successful case of kidney transplantation was performed in 1954 (1), all transplant
procedures have caused cessation of blood supply to donor organs during procurement,
preservation, and implantation. The subsequent restoration of blood supply after ischemia
exacerbates the initial cellular damage; this is known as ischemia-reperfusion injury (IRI) (2). Not
only can IRI lead to primary non-function (PNF) or delayed graft function (DGF) in the early stage,
but it can also cause chronic fibrosis and allograft rejection in the long run (3).
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For decades, great efforts have been made to treat IRI (4).
However, limited success has been achieved because none of
the research methods is able to prevent the donor organs from
experiencing initial ischemic injury. It has been shown that
hypothermic machine perfusion (HMP) is superior to static
cold storage (SCS) in preserving donor kidneys (5). Recently,
the Leicester group has translated the use of normothermic
machine perfusion (NMP) from animal studies to clinical use and
performed the first kidney transplantation in a male patient after
60min of ex vivoNMP in 2011 (6). Since then, the same group has
used NMP for assessment and resuscitation of marginal donor
kidneys (7, 8). However, since they used NMP following many
hours of SCS, ischemic injury of grafts and subsequent IRI was
still inevitable.

We have established a novel procedure called ischemia-free
liver transplantation (IFLT) during which the donor livers can
be procured, preserved, and implanted without cessation of
oxygenated blood supply to the grafts (9). During IFLT, IRI can
be largely avoided. In this study, we report the first case of
ischemia-free kidney transplantation (IFKT).

CASE PRESENTATION

The kidney donor was a 19-year-old male patient who died
of a craniocerebral trauma. The terminal serum creatinine was
54 µmol/L. The donor and recipient were co-located in the
First Affiliated Hospital of Sun Yat-sen University. The left
kidney was procured after ligating the left renal artery and vein

FIGURE 1 | (A) Ischemia-free kidney transplant procedure. The diagram shows procurement, preservation, and implantation of the donor kidney without cessation of

blood supply using normothermic machine perfusion. (B) Normothermic machine perfusion device, Liver Assist (Organ Assist, Groningen, the Netherlands). (C) Donor

kidney circuit on the organ reservoir of the NMP device.

and immediately cold flushed through the left kidney artery.
This graft was preserved in ice-cold University of Wisconsin
solution. The right kidney was subjected to IFKT. The study
protocol was approved by the Ethical Committee of our hospital.
Written informed consent for the publication of the case report
was obtained from the patient undergoing this ischemia-free
kidney transplantation.

IFKT PROCEDURE

Figure 1A shows the technical details of the procedure. Firstly,

the abdominal aorta (AA) and right renal artery, inferior vena

cava (IVC), and right renal vein were well-dissected. The ureter
was cut off, and a tube was placed in the ureter for urine
drainage. A 34Fr caval cannula was placed in the infrarenal
IVC for blood outflow to the organ reservoir of the Liver Assist
device (Organ Assist, Groningen, the Netherlands, Figure 1B).
A straight 20Fr cannula was inserted into the infrarenal AA of
the donor. Subsequently, the arterial cannula was connected to
the artery perfusion line of Liver Assist, and the suprarenal AA
was blocked. The venous drainage of suprarenal IVC was also
blocked. After the circuit of in vivo NMP was established, the
right kidney was harvested and moved to the organ reservoir for
ex vivo NMP (Figure 1C). Simultaneously, the donor liver was
procured after cold flush via a cannula in the superior mesenteric
vein. We sutured part of the suprarenal IVC with 6-0 Prolene
and reduced its diameter to 1.5 cm on the organ reservoir of
NMP ex vivo.
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TABLE 1 | Components of the perfusate solution.

Components

Crossed-matched leucocyte-depleted washed red cells 1,000 mL

Sodium, potassium, magnesium, calcium, and glucose injection 600 mL

Succinylated gelatinor 400 mL

5% sodium bicarbonate 50 mL

Heparin 25,000 units

Metronidazole 0.5 g

Miropeen for injection 1 g

10% calcium gluconate 8 mL

Compound amino acid injection 40 mL

Dexamethason 15 mg

Insulin 100 units

20% mannitol 20 mL

The kidney graft underwent continuous NMP for 110min.
The perfusate components are shown in Table 1. The perfusate
was warmed up to 37◦C, and the oxygenator was supplied with
air. The viability of the graft was assessed based on the appearance
of graft and perfusion flow, as well as urine production. No
creatinine was added to the perfusate for the graft function
test. The perfusion pressure (52–70 mmHg) and flow (130–184
mL/min) were stable during the whole procedure (Figure 2A).
The creatinine and urea levels in the perfusate were stable and
low (Figure 2B). The kidney graft continued to produce urine
during the whole procedure (Figure 2C). The pH values and
specific gravity of the urine produced before procurement were
comparable to those produced during NMP and after reperfusion
(Figure 2D).

The donor kidney was then moved from the reservoir and
placed in the right iliac fossa of the recipient so that an in
vivo NMP circuit was re-established. The donor suprarenal AA
and suprarenal IVC were anastomosed to the recipient right
external iliac artery and vein in an end-to-side fashion using 6-
0 Prolene. During the vascular anastomoses, caution was taken
to prevent twisted perfusion lines. After that, the clamp on
the donor suprarenal AA was released so that recipient blood
supply for the donor kidney was established. In the meantime,
NMP was stopped. Around 50mL perfusate was flushed out
of the kidney, followed by release of the clamp on the donor
suprarenal IVC. The cannulas in the IVC and AA were removed,
and the infrarenal IVC and AA were sutured closed. Finally,
after withdrawal of the draining tube, the donor ureter was
anastomosed to the bladder of the recipient. The recipient
operation time was 135 min.

OUTCOMES

The recipient was a 47-year-old man with diabetic nephropathy
who had been on hemodialysis for more than 2 years. The
recipient had immediate graft function, and the serum creatinine
levels fell from 1100µmol/L pre-transplantation to 95µmol/L on
post-operative day (POD) 3 (Figure 3A). The mean urine output

over the first 5 days post-transplantation was 4,987 mL/day
compared with a pre-transplant daily output of <100 mL.

The post-transplant estimated glomerular filtration rate
(eGFR) increased from 3.99 mL/min/1.73m2 pre-transplantation
to 103.28 mL/min/1.73m2 on POD 7 (Figure 3B). The post-
transplant level of cystatin C (Cys C) was quite low (1.76 mg/L
on POD 1 and 1.26 mg/L on POD 7) (Figure 3C). The levels
of other serum kidney injury biomarkers (10–13), including
neutrophil gelatinase-associated lipocalin (NGAL), liver fatty
acid-binding protein (L-FABP), kidney injury molecule-1 (KIM-
1), and glutathione s-transferase alpha 1 (GSTA1), all sharply
decreased after IFKT (Figures 3D–G). No acute rejection, renal
artery or renal vein thrombosis, or infectious complications
occurred. The patient was discharged with a serum creatinine of
80 µmol/L on POD 15.

DISCUSSION

Kidney transplantation is inevitably associated with IRI, which
can cause acute cellular injury and renal dysfunction (14–18).
Several methods to ameliorate IRI have been proposed, including
ischemic pre-conditioning, pharmacological interventions,
protective gases, and gene and stem cell therapies (4). However,
few of these methods have been translated into clinical practice.
In contrast to the intention to “treat” IRI in earlier studies
(4), our group focused on “preventing” IRI. We have shown
that the concept of ischemia-free organ transplantation (IFOT)
is feasible, safe, and effective in liver transplantation (9).
Histological analysis, inflammatory cytokine production, and
pathway analysis suggested that IRI is largely avoidable.

In this case report, we showed for the first time that
IFOT can be expanded to kidney transplantation. The kidney
was continuously functioning, with urine production during
procurement, preservation, and implantation during IFKT. The
serum creatinine dropped rapidly to normal range within 3
days, and eGFR increased rapidly post-transplantation. A recent
study indicated that CysC can maintain its predictive power for
adverse outcomes in patients with no meaningful GFR (19). The
serum CysC level and the other renal injury markers were quite
low post-transplantation. Since the kidney experienced ongoing
NMP, for the safety of the recipient, no biopsy was obtained
to confirm the absence of IRI. The recipient had an uneventful
recovery without infectious or surgical complications.

Successful IFKT is established based on efficient NMP. To our
knowledge, all studies concerning kidney NMP in humans are
from the Leicester group (6, 7, 20, 21). They have reported that
NMP can resuscitate human kidneys deemed untransplantable
and can help assess kidney quality (20, 21). Moreover, the use of
NMP is associated with significant decrease in DGF (6). However,
the 1-h NMP is preceded by a period of cold storage after
procurement and followed by a cold flush before implantation.
Therefore, ischemic injury and subsequent graft IRI are still
unavoidable. In contrast, IFKTmaintains continuous oxygenated
blood supply to the kidney, and thus IRI is probably avoided, and
this may further reduce the DGF rate and improve long-term
outcome after kidney transplantation, although the donor and
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FIGURE 2 | Normothermic machine perfusion and allograft viability. (A) Arterial flow rates and pressure. (B) Creatinine (Crea) and urea concentration in the perfusate.

(C) Volume of urine production during machine perfusion. (D) pH values and specific gravity levels of the urine produced before procurement, during machine

perfusion, and post-reperfusion.

FIGURE 3 | Post-transplant renal function and serum biomarker levels of kidney injury of the recipient. The renal function tests including (A) creatinine (Crea) and (B)

estimated glomerular filtration rate (eGFR). The serum biomarker levels of kidney injury including (C) cystatin C, (D) neutrophil gelatinase-associated lipocalin (NGAL),

(E) liver fatty acid-binding protein (L-FABP), (F) kidney injury molecule-1 (KIM-1), and (G) glutathione s-transferase alpha 1 (GSTA1).
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recipient need to be at the same hospital because of the limited
NMP time. This method may be more useful in expanded criteria
donor (ECD) kidneys, since ECD kidneys are more susceptible
to IRI. It would be highly interesting to compare the transplant
outcomes of IFKT, kidney transplantation using NMP as a
preservationmethod, and conventional kidney transplantation in
the future.

Undoubtedly, there are several limitations to this study.
Firstly, the donor and recipient are usually not co-located.
Therefore, a portable kidney NMP device is required for this
procedure. However, to our knowledge, this kind of device is not
commercially available. Secondly, it is difficult to conduct IFKT
of both donor kidneys for two recipients. In addition, although
serum kidney injury marker levels have been tested to assess
IRI severity, a biopsy of the graft should be done to confirm
the absence of IRI. Finally, the kidney in this case was from a
young standard brain-death donor. No significant difference in
transplant outcomes and renal graft function was documented
between the two recipients of the left and right renal grafts. The
potential benefits should be tested in a prospective, randomized
controlled study in a predefined subgroup of ECD kidneys.

In summary, we report here that IFKT is technically feasible.
This innovation might be able to optimize transplant outcomes
and maximize graft utilization.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this manuscript will
be made available by the authors, without undue reservation, to
any qualified researcher.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by The Ethical Committee of First Affliated Hospital of
Sun Yat-sen University. The patients/participants provided their
written informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

XH and ZG conceived of the IFKT, they designed the
procedure, performed the operation, enrolled the patient into

the study, and wrote the report. GC and ZZhu designed

the procedure and study protocol, followed up with the
patient, analyzed the data, and critically revised the report.
ZZha, XY, MH, and QZ assisted with the design of the
procedure, preclinical preparation, the operation, analyzed the
data, and revised the report. YZ, YT, SH, LW, OL, XW,
and CC assisted with the design of the procedure, preclinical
preparation, and the operation. LM, XJ, and CW assisted
with the design of the procedure, the operation, preclinical
preparation, and collected clinical data. XL and JH assisted with
the design of the procedure, study protocol, and critically revised
the manuscript. JC assisted analysis of the data and revision of
the article.

FUNDING

This study was supported by the National Natural Science
Foundation of China (81373156, 81471583, 81570587,
and 81871257), the Special Fund for Science Research by
Ministry of Health (201302009), the Key Clinical Specialty
Construction Project of National Health and Family
Planning Commission of the People’s Republic of China,
the Guangdong Provincial Key Laboratory Construction
Projection on Organ Donation and Transplant Immunology
(2013A061401007), Guangdong Provincial International
Cooperation Base of Science and Technology (Organ
Transplantation) (2015B050501002), Guangdong Provincial
Natural Science Funds for Major Basic Science Culture
Project (2015A030308010 and 2018A030313612), Guangdong
Provincial Natural Science Funds for Distinguished Young
Scholars (2015A030306025), the Special Support Program
for Training High-Level Talents in Guangdong Province
(2015TQ01R168), the Pearl River Nova Program of Guangzhou
(201506010014), and the Science and Technology Program of
Guangzhou (201704020150).

ACKNOWLEDGMENTS

We thank all members of the organ procurement organization,
surgical intensive care unit, transplant anesthesia team, and
cardiopulmonary bypass team, as well as all the donors
and patients.

REFERENCES

1. Merrill JP, Murray JE, Harrison JH, Guild WR. Successful

homotransplantation of the human kidney between identical twins. J

Am Med Assoc. (1956) 160:277–82. doi: 10.1001/jama.1956.02960390027008

2. Snoeijs MG, van Heurn LW, Buurman WA. Biological modulation of renal

ischemia-reperfusion injury. Curr Opin Organ Transplant. (2010) 15:190–9.

doi: 10.1097/MOT.0b013e32833593eb

3. Menke J, Sollinger D, Schamberger B, Heemann U, Lutz J. The effect of

ischemia/reperfusion on the kidney graft.Curr Opin Organ Transplant. (2014)

19:395–400. doi: 10.1097/MOT.0000000000000090

4. Eltzschig HK, Eckle T. Ischemia and reperfusion–from mechanism to

translation. Nat Med. (2011) 17:1391–401 doi: 10.1038/nm.2507

5. Moers C, Smits JM, Maathuis MH, Treckmann J, van Gelder F, Napieralski

BP, et al. Machine perfusion or cold storage in deceased-donor kidney

transplantation.NEngl J Med. (2009) 360:7–19. doi: 10.1056/NEJMoa0802289

6. Nicholson ML, Hosgood SA. Renal transplantation after ex vivo

normothermic perfusion: the first clinical study. Am J Transplant. (2013)

13:1246–52. doi: 10.1111/ajt.12179

7. Hosgood SA, Barlow AD, Hunter JP, Nicholson ML. Ex vivo normothermic

perfusion for quality assessment of marginal donor kidney transplants. Br J

Surg. (2015) 102:1433–40. doi: 10.1002/bjs.9894

8. Hosgood SA, Barlow AD, Dormer J, Nicholson ML. The use of ex-vivo

normothermic perfusion for the resuscitation and assessment of human

kidneys discarded because of inadequate in situ perfusion. J Transl Med.

(2015) 13:329. doi: 10.1186/s12967-015-0691-x

Frontiers in Medicine | www.frontiersin.org 5 December 2019 | Volume 6 | Article 276

https://doi.org/10.1001/jama.1956.02960390027008
https://doi.org/10.1097/MOT.0b013e32833593eb
https://doi.org/10.1097/MOT.0000000000000090
https://doi.org/10.1038/nm.2507
https://doi.org/10.1056/NEJMoa0802289
https://doi.org/10.1111/ajt.12179
https://doi.org/10.1002/bjs.9894
https://doi.org/10.1186/s12967-015-0691-x
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


He et al. Ischemia-Free Kidney Transplantation

9. He X, Guo Z, Zhao Q, Ju W, Wang D, Wu L, et al. The first case of ischemia-

free organ transplantation in humans: a proof of concept. Am J Transplant.

(2018) 18:737–44 doi: 10.1111/ajt.14583

10. Obeidat MA, Luyckx VA, Grebe SO, Jhangri GS, Maguire C, Zavodni A, et al.

Post-transplant nuclear renal scans correlate with renal injury biomarkers

and early allograft outcomes. Nephrol Dial Transplant. (2011) 26:3038–45.

doi: 10.1093/ndt/gfq814

11. Sabbisetti VS, Waikar SS, Antoine DJ, Smiles A, Wang C, Ravisankar A, et al.

Blood kidney injury molecule-1 is a biomarker of acute and chronic kidney

injury and predicts progression to ESRD in type I diabetes. J Am Soc Nephrol.

(2014) 25:2177–86. doi: 10.1681/ASN.2013070758

12. Kawai A, Kusaka M, Kitagawa F, Ishii J, Fukami N, Maruyama T, et al.

Serum liver-type fatty acid-binding protein predicts recovery of graft function

after kidney transplantation from donors after cardiac death. Clin Transplant.

(2014) 28:749–54. doi: 10.1111/ctr.12375

13. Mir MC, Pavan N, Parekh DJ. Current paradigm for ischemia in

kidney surgery. J Urol. (2016) 195:1655–63. doi: 10.1016/j.juro.2015.

09.099

14. Thadhani R, Pascual M, Bonventre JV. Acute renal failure. N

Engl J Med. (1996) 334:1448–60. doi: 10.1056/NEJM199605303

342207

15. Perico N, Cattaneo D, Sayegh MH, Remuzzi G. Delayed graft

function in kidney transplantation. Lancet. (2004) 364:1814–27.

doi: 10.1016/S0140-6736(04)17406-0

16. Yarlagadda SG, Coca SG, Formica RJ, Poggio ED, Parikh CR. Association

between delayed graft function and allograft and patient survival: a systematic

review and meta-analysis. Nephrol Dial Transplant. (2009) 24:1039–47.

doi: 10.1093/ndt/gfn667

17. Chen GD, Shiu-Chung KD, Wang CX, Qiu J, Han M, He XS, et al. Kidney

transplantation from donors after cardiac death: an initial report of 71

cases from China. Am J Transplant. (2013) 13:1323–1326. doi: 10.1111/ajt.

12190

18. Kosmoliaptsis V, Salji M, Bardsley V, Chen Y, Thiru S, Griffiths MH, et al.

Baseline donor chronic renal injury confers the same transplant survival

disadvantage for DCD and DBD kidneys. Am J Transplant. (2015) 15:754–63.

doi: 10.1111/ajt.13009

19. Ho LC, Sung JM, Tsai YS, Wang HH, Li YC, Chen YT, et al. Cystatin C as a

predictor for outcomes in patients with negligible renal function. Blood Purif.

(2014) 38:81–8. doi: 10.1159/000365837

20. Hosgood SA, Saeb-Parsy K, Hamed MO, Nicholson ML. Successful

transplantation of human kidneys deemed untransplantable but resuscitated

by ex vivo normothermic machine perfusion. Am J Transplant. (2016)

16:3282–5. doi: 10.1111/ajt.13906

21. Hosgood SA, Nicholson ML. An assessment of urinary biomarkers

in a series of declined human kidneys measured during ex vivo

normothermic kidney perfusion. Transplantation. (2017) 101:2120–5.

doi: 10.1097/TP.0000000000001504

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2019 He, Chen, Zhu, Zhang, Yuan, Han, Zhao, Zheng, Tang, Huang,

Wang, van Leeuwen, Wang, Chen, Mo, Jiao, Li, Wang, Huang, Cui and Guo.

This is an open-access article distributed under the terms of the Creative Commons

Attribution License (CC BY). The use, distribution or reproduction in other forums

is permitted, provided the original author(s) and the copyright owner(s) are credited

and that the original publication in this journal is cited, in accordance with accepted

academic practice. No use, distribution or reproduction is permitted which does not

comply with these terms.

Frontiers in Medicine | www.frontiersin.org 6 December 2019 | Volume 6 | Article 276

https://doi.org/10.1111/ajt.14583
https://doi.org/10.1093/ndt/gfq814
https://doi.org/10.1681/ASN.2013070758
https://doi.org/10.1111/ctr.12375
https://doi.org/10.1016/j.juro.2015.09.099
https://doi.org/10.1056/NEJM199605303342207
https://doi.org/10.1016/S0140-6736(04)17406-0
https://doi.org/10.1093/ndt/gfn667
https://doi.org/10.1111/ajt.12190
https://doi.org/10.1111/ajt.13009
https://doi.org/10.1159/000365837
https://doi.org/10.1111/ajt.13906
https://doi.org/10.1097/TP.0000000000001504
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	The First Case of Ischemia-Free Kidney Transplantation in Humans
	Introduction
	Case Presentation
	IFKT Procedure
	Outcomes
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


