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ABSTRACT
 

Purpose: The clinical outcomes of kidney transplantation from deceased donors have seen 
significant improvements with the use of machine perfusion (MP), now a standard practice 
in transplant centers. However, the use of perfusate biomarkers for assessing organ quality 
remains a subject of debate. Despite this, some centers incorporate them into their decision-
making process for donor kidney acceptance. Recent studies have indicated that lactate 
dehydrogenase (LDH), glutathione S-transferase, interleukin-18, and neutrophil gelatinase-
associated lipocalin (NGAL) could predict post-transplant outcomes.
Materials and Methods: Between August 2016 and June 2017, 31 deceased-donor after brain 
death were included and stroke was the main cause of death. Pediatric patients, hyper-
sensitized recipients were excluded. 43 kidneys were subjected to machine perfusion. Per-
fusate samples were collected just before the transplantation and stored at -80ºC. Kidney 
transplant recipients have an average age of 52 years, 34,9% female, with a BMI 24,6±3,7. 
We employed receiver operating characteristic analysis to investigate associations between 
these perfusate biomarkers and two key clinical outcomes: delayed graft function and pri-
mary non-function.
Results: The incidence of delayed graft function was 23.3% and primary non-function was 14%. 
A strong association was found between NGAL concentration and DGF (AUC=0.766, 95% CI, 
P=0.012), and between LDH concentration and PNF (AUC=0.84, 95% CI, P=0.027). Other perfus-
ate biomarkers did not show significant correlations with these clinical outcomes.
Conclusion: The concentrations of NGAL and LDH during machine perfusion could assist 
transplant physicians in improving the allocation of donated organs and making challenging 
decisions regarding organ discarding. Further, larger-scale studies are required.
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INTRODUCTION

The shortage of donor organs, expanding 
waiting lists, and significant discard rates are central 
challenges in renal transplantation. The importance 
of organ quality in determining long-term function 
is increasingly recognized (1). The need to accept 
borderline grafts has led to the development and 
use of dynamic perfusion methods, aiming to assess, 
improve, and predict post-transplant outcomes (2). 
These higher-risk kidneys are more prone to preser-
vation-induced injury, delayed graft function (DGF), 
primary non-function (PNF), and may have reduced 
long-term survival (3). Of note, a Brazilian multicenter 
study reported DGF incidences ranging from 29.9% 
to 87.7% across kidney transplant centers (4).

Hypothermic machine perfusion (HMP) is a 
technique developed in 1967 by Belzer, wherein the 
kidney is connected to a perfusion circuit , and a 
cooled preservation solution flows through the or-
gan using a pump (5, 6). This method benefits from 
a significant reduction in cellular metabolism, down 
to 5-10%, due to the low temperatures. Additionally, 
it maintains hemodynamic stimulus, improving renal 
cortical microcirculation during preservation (5). In 
the United States, 32 to 38% of kidneys from brain-
dead donors for transplantation are stored using ma-
chine perfusion (7). A Brazilian multicenter trial, com-
paring machine perfusion to cold storage, showed 
a lower incidence of DGF in the HMP group (45 vs 
61%) (8). Our group conducted a systematic review 
and meta-analysis, which aligns with international 
findings, concluding that HMP reduces DGF in brain-
dead donors (9).

Over the years, transplant community has 
sought ways to improve performance and increase 
graft survival. In this sense, the search for non-in-
vasive markers that can predict unfavorable clinical 
outcomes has become a relevant area of research. 
Accurate evaluation of kidney quality may reduce the 
discard of viable kidneys and the transplant of poor-
quality kidneys with unacceptable survival rates (10).

We studied four perfusate biomarkers, linked 
to renal cellular injury. Lactate dehydrogenase (LDH) 

as a general marker of cellular injury. LDH release to 
assess overall renal injury, given that perfusate sam-
ples are from an isolated kidney on the pump (11). 
Glutathione S-transferase (GST), an enzyme found 
in renal tubules which plays a role in waste product 
deconjugation and excretion into urine (12). Interleu-
kin-18 (IL-18), an inflammation marker, predictive of 
DGF when measured in urine (13). Neutrophil gelatin-
ase-associated lipocalin (NGAL), part of the lipocalin 
family and initially identified in neutrophils, due to its 
association with DGF and PNF in kidney injury (14). 
In this sense, our group investigated associations of 
these perfusate biomarkers with delayed graft func-
tion and primary non-function in kidney transplants.

MATERIALS AND METHODS

This is a multicenter, observational, retro-
spective, and translational study. The study adheres 
to the ethical standards and guidelines of the Bra-
zilian transplant centers and received approval from 
the Ethics and Research Committee (CEP) under the 
IRB number: 4.355.970.

From August 2016 to June 2017, 31 deceased 
donors of brain death (DBD) who underwent hypo-
thermic machine perfusion (HMP) were included in 
the data analysis by the organ procurement orga-
nization (OPO). All patients came from hospitals lo-
cated in the State of Rio de Janeiro, Brazil. Pediatric 
donors, stored in cold ischemia (CS), and kidneys 
without collected perfusate samples were excluded. 
Recipients who came to death within three months 
post-transplantation were also excluded, as accurate 
clinical outcome analysis was not feasible. Patients 
who were hypersensitive or underwent retransplan-
tation were excluded due to potential variations in 
immunosuppression affecting data interpretation. 
There were 43 kidneys transplant recipients.

The LifePort Kidney Transporter (Organ Re-
covery Systems, Itasca, IL) was used for all individu-
ally perfused kidneys. The kidneys were pumped 
using pulsatile flow with 1 liter of kidney perfusion 
solution (KPS-1) at a targeted pressure of 30 mmHg 
and temperature of 4ºC (15). Upon arrival and before 
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inspection by the transplant surgeon, 20 mL of per-
fusate was collected from the renal vein and stored 
at -20ºC. The samples were transported on ice and 
stored at -80ºC without protease inhibitors until bio-
marker measurement.

Samples stored at -80ºC were thawed, 
brought to room temperature, and diluted 50-fold 
with dilution buffers for perfusate biomarker analysis. 
IL-18 (RAB0543 – Sigma-Aldrich, San Luis, MI), NGAL 
(RAB0332 Sigma-Aldrich San Luis, MI), LDH (MK066 
Sigma-Aldrich, San Luis, MI), and GST (CS0410 Sig-
ma-Aldrich, San Luis, MI) levels were measured us-
ing enzyme-linked immunosorbent assay (ELISA) 
kits. The ELISA plates were read using a SpectraMax 
M5 plate reader (Molecular Devices, San Jose CA).

The clinical outcomes assessed were de-
layed graft function (DGF) and primary non-function 
(PNF). DGF was defined as the necessity for dialysis 
within the first seven days post-transplant, and PNF 
as complete graft non-function three months post-
transplant, in the absence of rejection or surgical 
factors, necessitating dialysis (10, 16).

Statistical Analysis

Data were analyzed using SPSS 21 statistical 
package software. Descriptive statistics, including per-
centages, means (±SD), medians [IQR], and frequen-
cies, were presented in tables and graphs. To associate 
perfusate biomarkers with clinical outcomes, Spearman 
correlations, the Wilcoxon test, and the Chi-square test 
were used. Receiver operating curve (ROC) and area 
under the curve (AUC) analyzes identified the best clini-
cal predictors, allowing graphical analysis of sensitivity 
and false positives. A P-value of <0.05 was considered 
statistically significant. 

RESULTS

A total of 31 deceased brain death donors 
(DBD) were included. From these, 43 kidneys stored 
using machine perfusion, had perfusate samples col-
lected for biomarkers measurement, and were sub-
sequently transplanted. The clinical and demograph-

ic characteristics of the donors are summarized in 
Table-1. The mean age of the donors was 54.8±14.1 
years, with a majority of right-sided 26 out of 31 grafts 
(60.5%). The kidney donor profile index (KDPI) was 
73.1±24.7. Stroke was the predominant cause of death 
35 of 43 donors (81.4%), and none had diabetes.

The characteristics of the 43 kidney trans-
plant recipients are detailed in Table-2. Hypertensive 
kidney disease was the most common cause of ESRD 
17 out of 43 recipients (39.5%). The surgical trans-
plants were done in two transplant centers follow-
ing the same clinical protocols. All patients received 
identical induction and maintenance immunosup-
pression, mitigating potential bias. The mean recipi-
ent age was 52.8±13.1 years. The ethnic distribution 
was balanced, with 14 (32.6%) white, 14 (32%) mixed 
race, and 15 (34.8%) recipients afro-descendants, 
and the majority were male 28 of 43 (65.1%). The me-
dian cold ischemia time was 19.6 hours [16.1-23.6]. 
Most patients had undergone hemodialysis 41 out of 
43 (95.3%). Additionally, includes information on the 
antibody reactivity panel (PRA), the human leukocyte 
antigen system (HLA), and an average mismatch of 
3.2±1.1.

The relationship between four perfusate bio-
markers (IL-18, GST, LDH, NGAL) and clinical out-
comes (DGF and PNF) was evaluated using receiv-
er-operator curves (ROC) and calculating the area 
under the curve (AUC). An AUC above 0.70 indicates 
satisfactory performance, while below 0.50 suggests 
inadequacy in discriminating the association of pa-
rameters. IL-18, with an AUC of 0.295, was excluded 
from further analysis (Figures 1A and 1B).

The incidence of DGF affected 10 out of 43 
patients (23.3%) requiring dialysis in the first week 
post-transplant. NGAL emerged as the most reliable 
predictive biomarker for DGF, with statistical sig-
nificance (AUC=0.766, 95% CI 0.603-0.929, P=0.012). 
LDH and GST showed no significant correlation with 
DGF (Figure-1C).

For primary non-function (PNF), 6 out of 
43 recipients (14%) experienced graft failure within 
three months post-transplant. The AUC for predicting 
PNF using LDH levels in perfusate was 0.84 (95% CI 
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Table 1 - Donor clinical and demographic characteristics.

Characteristic Total
n=43

DGF
n=10

(23.3%)

PNF
n=6

(14.0%)

Donors 31 9 5

Laterality
Right 26(60.5%) 6(60.0%) 4(66.7%)

Left 17(39.5%) 4(40.0%) 2(33.3%)

Age (years)
Mean±sd 54.8±14.1 51.2±18.8 61.7±12.2

Median [IQR] 56[51-65] 54[45-67] 66[54-70]

Race

White 23(53.5%) 6(60%) 2(33.3%)

Mixed race 9(20.9%) 3(30%) -----

Afrodescendant 11(25.9%) 1(10%) 4(66.7%)

BMIa

Mean±sd 28.6±5.3 28.4±4.5 29.9±5.7

Median [IQR] 27.3[25.1-29.4] 27.9[25.0-31.2] 28.9[24.5-35.5]

<25 9(20.9%) 2(20.0%) 2(33.3%)

25-29 25(58.2%) 5(50.0%) 1(16.7%)

≥30 9(20.9%) 3(30.0%) 3(50.0%)

KDPI (%)b
Mean±sd 73.1±24.7 68.0±30.4 89.3±14.2

Median [IQR] 83[61-93] 71[52-94] 93[82-100]

KDRIc
Mean±sd 1.40±0.44 1.34±0.47 1.78±0.48

Median [IQR] 1.40[1.11-1.67] 1.23[1.03-1.74] 1.68[1.43-2.34]

Hypertension 11(25.6%) 3(30.0%) 3(50.0%)

Diabetes ----- ----- -----

HCVd 4(9.3%) ----- 1(16.7%)

Creatinine level at enrollment
Mean±sd 1.10±0.39 0.99±0.35 1.42±0.38

Median [IQR] 1.10[0.80-1.40] 1.05[0.68-1.18] 1.50[1.10-1.68]

Terminal serum creatinine
Mean±sd 2.08±1.58 2.83±2.15 1.83±0.56

Median [IQR] 1.70[1.20-2.30] 1.95[1.50-3.50] 2.0[1.30-2.30]

Causa mortis

Cerebral Trauma 6(14.0%) 2(20.0%) -----

Stroke 35(81.4%) 8(80.0%) 5(83.3%)

Intracranial Hypertension 1(2.3%) ----- -----

Anoxic Encephalopathy 1(2.3%) ----- 1(16.7%)

Values are mean ± standard derivation. median [interquartile range] or n (%). All kidneys are derived from deceased donor after brain death; DGF. 
delayed graft function; PNF. primary nonfunction. a BMI body mass index; b KDPI kidney donor profile index; c KDRI kidney donor risk index; d 
HCV hepatitis c virus
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Table 2 - Recipient demographic and clinical characteristics.

Characteristics Total
n=43

DGF
n=10 (23.3%)

PNF
n=6 (14.0%)

Transplant Center 1 37(86.0%) 8(80.0%) 6(100%)

2 6(14.0%) 2(20.0%) -----

Year of kidney 
transplantation

2016 24(55.8%) 8(80.0%) 3(50.0%)

2017 19(44.2%) 2(20.0%) 3(50.0%)

Age (years) Mean±sd 52.8±13.1 51.0±13.8 52.5±10.4

Median [IQR] 52[42-60] 50[42-62] 53[46-62]

Ethnicity White 14(32.6%) 4(40.0%) 3(50.0%)

Mixed 14(32.6%) 4(40.0%) 2(33.3%)

Afrodescendant 15(34.8%) 2(20.0%) 1(16.7%)

Gender Male 28(65.1%) 8(80.0%) 5(83.3%)

Female 15(34.9%) 2(20.0%) 1(16.7%)

Smoking 9(20.9%) 5(50.0%) 1(16.7%)

BMIa Mean±sd 24.6±3.7 25.1±4.3 25.7±3.4

Median [IQR] 24.0[21.9-28.1] 23.7[21.4-29.1] 26.3[22.0-28.8]

<25 25(58.1%) 5(50.0%) 3(50.0%)

25-29 13(30.3%) 3(30.0%) 3(50.0%)

≥30 5(11.6%) 2(20.0%) -----

Blood type O 17(39.5%) 4(40.0%) 2(33.3%)

A 18(41.9%) 4(40.0%) 3(50.0%)

B 7(16.3%) 2(20.0%) 1(16.7%)

AB 1(2.3%) ----- -----

Cause of end-stage 
renal disease

Glomerulonephritis 10(23.3%) 3(30.0%) 1(16.7%)

Hypertension 17(39.5%) 3(30.0%) 3(50.0%)

HIV b 1(2.3%) 1(10.0%) -----

Diabetes 7(16.3%) 2(20.0%) 2(33.3%)

Polycistic Kidney Disease 3(7.0%) 1(10.0%) -----

Infection 1(2.3%) ----- -----

Lithiasis 1(2.3%) ----- -----

Berger’s Disease 1(2.3%) ----- -----

HBVc 1(2.3%) 1(10.0%) -----

HIV 3(7.0%) 1(10.0%) -----
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HCVd 3(7.0%) 2(20.0%) -----

CMVe 40(93.0%) 9(90.0%) 6(100%)

Toxoplasmosis 41(95.3%) 9(90.0%) 6(100%)

PRAC If >20 8(18.6%) 3(30.0%) 1(16.7%)

PRAC II >20 5(11.6%) ----- 1(16.7%)

Dialysis HDg 41(95.3%) 9(90.0%) 6(100%)

PDh 2(4.7%) 1(10.0%) -----

HLA_A1i Mean±sd 10.9±13.9 7.5±11.6 5.5±9.1

Median [IQR] 3[2-23] 2[2-10] 2[1-8]

HLA_A2 Mean±sd 28.6±19.2 24.3±19.9 31.3±23.5

Median [IQR] 30[23-33] 26[2-32] 30[18-41]

HLA_B1 mean±sd 21.4±14.9 20.5±13.5 22.7±16.0

Median [IQR] 14[8-35] 15[8-36] 15[12-43]

HLA_B2 mean±sd 43.5±13.1 40.6±11.5 42.8±14.1

Median [IQR] 45[39.5-52] 44[37-46] 47[37-52]

HLA_DR1 mean±sd 6.7±4.3 7.8±5.1 6.2±4.9

Median [IQR] 7[3-11] 7[3-13] 6[3-9]

HLA_DR2 mean±sd 13.3±5.7 16.4±10.3 11.8±2.4

Median [IQR] 13[11-15] 10[11-15] 12[10-14]

MISMATCH Mean±sd 3.2±1.1 3.1±1.1 2.8±1.2

Median [IQR] 3[2-4] 3[3-4] 3[2-4]

Transfusions mean±sd 1.6±1.1 1.2±1.4 0.3±0.8

Median [IQR] 0[0-2] 0[0-2] 0[0-1]

Cold ischemic time 
(hr)

mean±sd 19.5±4.8 21.0±4.2 20.6±5.5

Median [IQR] 19.6[16.1-23.6] 20.3[17.1-25.0] 23.0[14.7-24.5]

Values are mean ± standard derivation. median [interquartile range] or n (%). n=43 recipients; a BMI body mass index; b HIV human 
immunodeficiency virus; c HBV hepatitis B virus; d HCV hepatitis c virus; e CMV cytomegalovirus; f PRA panel-reactive antibody; g HD hemodialysis; 
h PD peritoneal dialysis; I HLA human leukocyte anti.

0.598-1.000, P=0.027), suggesting a significant asso-
ciation. Other biomarkers did not show a significant 
association with PNF (Figure-1D).

DISCUSSION

HMP not only protects isolated allografts but 
also provides an opportunity for observation and in-

tervention. The real-time parameters and the ability 
to extract or add perfusate have become a new focus 
for transplant physicians (17, 18). Over ten biomarkers 
have been reported internationally in perfusate stud-
ies (16). Our group conducted the first Brazilian multi-
center study correlating perfusate biomarkers (LDH, 
IL-18, NGAL, and GST) with clinical outcomes (DGF 
and PNF) in kidney transplant patients.
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Figures 1A) ROC of four biomarkers (GST, IL-18, LDH and NGAL) and their association with DGF. AUC of IL-18 is 
under 0.5 (0.421), therefore no validity in the analysis of this biomarker and the clinical outcome studied, being 
excluded from the statistics; B) ROC of four biomarkers (GST, IL-18, LDH and NGAL) and their association with 
PNF. AUC of IL-18 is under 0.5 (0.295), therefore no validity in the analysis of this biomarker and the clinical 
outcome studied, being excluded from the statistics; C) ROC of three biomarkers (GST, LDH and NGAL) and their 
association with DGF. NGAL concentrations in perfusate samples showed greatest efficacy on predicting DGF 
among the biomarkers analyzed. (AUC= 0.766, IC 95% 0.603-0.929, P=0.012); D) ROC of three biomarkers (GST, 
LDH and NGAL) and their association with PNF. LDH concentrations in perfusate samples showed greatest 
efficacy on predicting PNFF among the biomarkers analyzed. (AUC=0.814, IC 95% 0.598-1.000, P=0.027).

A C

B D

The incidence of DGF varies across conti-
nents. In the United States, the incidence is around 
30%, including donations after circulatory death 
(DCD) (19, 20). In European centers, it ranges from 
30 to 35% (21, 22), and between 35 to 45% in coun-
tries participating in the European Senior Transplant 
Program (23, 24). In Australia and New Zealand, the 
incidence is around 25% (25). A recent Brazilian mul-

ticenter study reported DGF incidences ranging from 
29.9% to 87.7% among centers (4). In our study, a 
23.3% incidence of DGF was observed, presumably 
lowered by the use of HMP in all donors.

In 2000, David Goetz , a graduate student at 
the University of California in San Francisco, under 
the mentorship of Professor Roland Strong, first de-
scribed the three-dimensional structure of NGAL, 
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showing high similarity to the lipocalins protein super-
family (26). NGAL is now regarded as the “troponin of 
the kidney” (27, 28). In the renal transplant setting, NGAL 
has been identified as a valuable tool for monitoring al-
lograft function, particularly in the early postoperative 
period (29). Several studies have shown that NGAL de-
tected in graft perfusate at the end of CIT correlates pos-
itively with donor age and last measured serum creati-
nine, both known risk factors for DGF (30, 31). Our study 
also sought to correlate four perfusate biomarkers with 
DGF using ROC analysis, finding NGAL as the biomarker 
that significantly correlated with DGF (AUC=0.766, 95% 
CI 0.603-0.929, P=0.012).

Primary non-function (PNF), defined as di-
alysis dependence for 3 months post-transplant, is 
a rare but severe outcome (32). GST and LDH were 
the most common biomarkers associated with PNF 
(33). Studies have shown LDH’s distribution in nor-
mal renal tissue and its elevation in serum and urine 
in patients with renal diseases (34, 35). Our study 
evaluated the correlation of perfusate biomarkers 
with PNF, finding LDH to be the only biomarker sig-
nificantly associated with PNF (AUC=0.84, 95% CI 
0.598-1000, P=0.027). These findings need confirma-
tion from larger studies that include clinical and he-
modynamic data.

Predicting clinical outcomes non-invasively 
and avoiding transplants with poor prognosis is a key 
goal in transplantation research. The ideal biomarker 
for renal transplant settings, which is non-invasive, 
safe, low-cost, and highly sensitive and specific, has 
not yet been identified (29). Our study analyzed four 
biomarkers from HMP and their connection with 
post-transplant outcomes. These findings are rel-
evant as they point to specific biomarkers that can 
be used in our transplant procedures using HMP, in 
order to predict or prepare for high possibilities of 
DGF and PNF in transplanted patients. 

The use of hypothermic machine perfusion is 
still restricted to few Brazilian centers, and therefore 
an insufficient number of national publications. This 
study is the first to evaluate the correlation of four 
perfusate biomarkers with clinical outcomes in our 
population. Due to the high rates of DGF exposed by 

recent articles (4), it is imperative to develop ways to 
improve prognosis in transplant patients.

Nevertheless, this study has some limitations 
including a small sample size, low rates of DGF and 
PNF, and lack of evaluation of pump parameters like 
vascular resistance and cost effectiveness.

CONCLUSIONS

Our study suggests that NGAL could be a po-
tential biomarker for predicting DGF, and LDH might 
play a similar role in relation to PNF. The ongoing 
research to access and validate donor kidney quality 
is crucial for transplant physicians to improve long-
term graft outcomes and reduce retransplantation.

ABBREVIATIONS: 

DGF = delayed graft function
PNF = primary nonfunction
HMP = hypothermic machine perfusion
LDH = lactate dehydrogenase
GST = glutathione S-transferase
IL-18 = interleukin-18
NGAL = neutrophil gelatinase-associated lipocalin
CEP = Ethics and Research Committee
DBD = deceased donors from brain death
OPO = organ procurement organization
CS = cold ischemia
KPS-1 = kidney procurement solution
ROC = receiver operating characteristic
AUC = area under the curve
KDPI = kidney donor profile index
PRA = antibody reactivity panel
HLA = human leukocyte antigen system
CI = confidence interval
DCD = donation after circulatory death
CIT = cold ischemia time
BMI = body mass index
ESRD = end stage renal disease
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