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Kidney transplantation is the preferred 
treatment for patients with end-stage 
kidney disease as it offers better 
odds of long-term survival and a 

higher quality of life compared to dialysis. The 
risks include post-transplantation complications, 
leading to allograft dysfunction and eventual 
graft failure.1 Early post-transplant complications 
can range from slow graft function (SGF) and 
delayed graft function (DGF) to rejection of the 
transplanted kidney.2

DGF is defined by the Organ Procurement and 
Transplantation Network and the United Network 
for Organ Sharing as the need for dialysis within 

the first week of transplant and is associated with 
an extended hospital stay, a higher rejection risk, 
and poorer long-term survival of the graft.1,3,4 
Recipients of extended donor criteria kidneys and 
kidneys donated after cardiac death are more likely 
to experience DGF.5,6 The incidence of DGF ranges 
4–10% for transplants from living donors and 19–
70% for transplants from deceased donors.7,8 SGF, 
an intermediate phenotype, is defined as a slower 
initial postoperative fall in serum creatinine without 
the requirement for dialysis.9,10 Despite advances in 
transplantation, DGF remains an obstacle towards 
good transplant outcomes, and currently, there is no 
effective treatment except to attempt to limit further 
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A B S T R AC T
Objectives: The existing biomarkers used to promptly identify graft dysfunction after 
kidney transplantation lack consistency. Neutrophil gelatinase-associated lipocalin 
(NGAL) appears to be a promising biomarker but its levels measured from serum and 
urine have demonstrated varying predictive values. Our study aimed to explore the 
potential of NGAL as a biomarker in predicting graft dysfunction in kidney transplant 
patients, including live and deceased donor recipients. Methods: A single-centered 
observational cohort study with live and deceased kidney recipients as participants 
was conducted between 2018 and 2022 at a tertiary care hospital in Southern India. 
Serum creatinine levels were monitored daily; creatinine reduction on day two and day 
seven were calculated. The recipients were categorized based on graft recovery into three 
groups: delayed graft function (DGF), slow graft function (SGF), or immediate graft 
function (IGF). Analysis of serum and urine NGAL was conducted two hours after 
the transplant and their predictive values were evaluated by the area under the curves 
(AUC) method. Results: Of the 40 participants, 34 (85.0%) received their transplant 
from live-related donors, while six (15.0%) received kidneys from deceased donors. DGF 
occurred in four (10.0%) patients, SGF in 12 (30.0%), and 24 (60.0%) patients achieved 
IGF. Serum NGAL demonstrated higher sensitivity compared to urine NGAL. At a 
cut-off value of 678 ng/mL (AUC = 0.77), serum NGAL showed 90.0% sensitivity and 
53.0% specificity. Urine NGAL had 70.0% sensitivity and 74.0% specificity at a cut-
off value of 489 ng/mL (AUC = 0.72). Conclusions: Kidney recipients in SGF 
and DGF categories had elevated levels of serum and urine NGAL compared 
to those without IGF. Although serum NGAL showed higher sensitivity than 
urine NGAL in predicting graft dysfunction, both markers lacked the specificity 
needed for accurate predictions.
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allograft injury, for which early identification of the 
graft status is essential. 

Clinically, DGF is a manifestation of acute 
kidney injury (AKI), the most common cause being 
post-transplantation acute tubular necrosis.11 To 
predict such a possibility, it is essential to identify 
an early biomarker of AKI with good sensitivity 
and specificity. Although serum creatinine is a 
conventional marker, it is nonspecific as many other 
factors may influence its reliability, and by the time 
an increase in serum creatinine is noticed, graft 
dysfunction would have already developed. years of 
efforts have identified a few novel biomarkers with 
the potential to facilitate early detection of DGF. 
Among these, neutrophil gelatinase-associated 
lipocalin (NGAL), an acute-phase protein, has 
shown promise as an indicator of proximal tubular 
injury.12 In response to nephrotoxic injury NGAL 
expression increases in renal tubular cells, blood, 
and urine. Thus, NGAL levels can predict both 
the short- and long-term prognoses of transplant 
recipients and possibly facilitate early detection of 
graft dysfunction.13 

Elevated production of NGAL by the tubular 
epithelium in allografts may occur due to potential 
stresses to the donated kidney at different stages: 
before its withdrawal from the donor, during 
ischemic storage, and during reperfusion.14 In 
previous studies, NGAL started to rise at two 
hours after injury, peaked at 8–12 hours, and 
returned to normal after 24–48 hours; however, 
the above timeline is based on limited data.15,16 
Further, the predictive reliability of NGAL levels 
in both serum and urine needs to be established. 
It is still unclear whether urine NGAL or serum 
NGAL is better at predicting the onset of DGF. 
There is also scarce data on their predictive value 
in patients in developing countries. Therefore, 
the current study aimed to assess the accuracy 
of both serum and urine NGAL in predicting 
DGF in a group of kidney transplant recipients in  
South India.

M ET H O D S
This prospective observational cohort study was 
conducted from January 2018 to December 2022 
at a tertiary care hospital in Southern India. The 
study received approval from the Kasturba Medical 
College and Kasturba Hospital Institutional Ethics 
Committee (IEC-68/2017), and all participants 
provided informed consent. This study included 
kidney recipients of both sexes who were > 18 
years of age and had received kidneys from living-
related or deceased donors. Patients with any 
medical condition that could interfere with NGAL 
measurements, such as active infection and sepsis, 
were excluded. The study adhered to the reporting 
guidelines of Strengthening the Reporting of 
Observational Studies in Epidemiology.

The demographic data collected included age, 
sex, and body mass index. The cause for renal failure, 
type of renal transplantation, and induction therapy 
used were included. The post-transplantation 
serum creatinine was measured daily and serum 
creatinine reduction on day 2 (CRR2) and on day 
7 (CRR7) were calculated.5 The serum NGAL and 
urine NGAL were quantitatively measured using 
a standardized one-step test kit. For urine NGAL 
analysis, 8 mL urine was centrifuged at 3500 rpm 
for 5 min to avoid particulate matter and cell debris, 
and for serum NGAL, 2.4 mL blood was used to 
separate the serum. We used FIA8000 Quantitative 
Immunoassay Analyzer (Getein Biotech, Inc.) which 
uses colloidal gold immunochromatography to 
determine serum and urine NGAL levels. The graft 
function categories immediate graft function, SGF, 
and DGF were defined to categorize the recipients 
[Table 1]. 

The normality was assessed by the Shapiro test. 
For continuous data, mean±SD were used. Non-
continuous variables were summarized using the 
median with the IQR. To compare the percentages 
of categorical variables, either the chi-square test or 
the Fisher exact test was utilized. We used a t-test 
to compare the means of continuous variables, and 

Table 1: Definitions of post-transplant graft function categories.

Definition Criteria

Immediate graft function CRR2 > 30% and CRR7 > 70% 
Slow graft function CRR2 ≤ 30%, or CRR7 ≤ 70%, or ≤ 10% per day fall in creatinine in the first week post-transplant*
Delayed graft function Recipients with graft dysfunction requiring hemodialysis within a week of transplanting

CRR2: Serum creatinine reduction on day 2; CRR7: Serum creatinine reduction on day 7.
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a Mann-Whitney U test to compare the medians. 
Receiver operating characteristic (ROC) curve 
analysis was employed to determine the optimal 
sensitivity and specificity of urine and serum NGAL 
in predicting DGF. For statistical analysis, we used 
SPSS (IBM Corp. Released 2023. IBM SPSS 
Statistics for Windows, Version 29.0.2.0 Armonk, 

Ny: IBM Corp). Statistical significance was set at 
p-value < 0.05. 

R E SU LTS
Based on the inclusion criteria, 40 renal transplant 
recipients participated in the study. The majority 
(24; 60.0%) were categorized as IGF, four (10.0%) 
as DGF, and 12 (30.0%) as SGF [Figure 1]. Due to 
the small sample size, we combined the SGF and 
DGF groups for the analysis. The overall mean age 
of the participants was 40.0±11.0 years. Group-
wise, the mean age was 24.0±11.3 years for IGF, and 
34.0±11.2 years for SGF±DGF. The overall mean 
age was 49.0±10.6 years for donors and 40.0±11.0 
years for recipients. The vast majority (36; 90.0%) of 
transplant recipients were male of whom 22/36 were 
classified as IGF and 14/36 as SGF+DGF. Chronic 
glomerulonephritis was the leading cause of renal 
failure in both groups. There were on average 3/6 
human leukocyte antigen mismatches in this study 
across both groups [Table 2]. 

Most 34/40 (85.0%) kidney recipients 
underwent live-related renal transplantation. 
Cadaveric transplants were significantly more in 
the SGF+DGF group (p = 0.040) while live-related 
kidney transplants were significantly more in the 
IGF group (p = 0.001). The induction agents used 
were basiliximab, antithymocyte globulin (ATG), 

Table 2: Baseline characteristics of the transplant recipients.

Variables Total  
(N = 40)

IGF  
(n = 24)

SGF + DGF  
(n = 16)

p-value

Recipient age*, years 40.0 ± 11.0 24.0 ± 11.3 34.0 ± 11.2 0.600
Male recipient, n (%) 36 (90.0) 22 (91.7) 14 (87.5) 0.700
Donor age*, years 49.0 ± 10.6 42.0 ± 8.3 45.0 ± 10.7 0.800
Chronic glomerulonephritis, n (%) 28 (70.0) 18 (75.0) 10 (62.5) 0.300
HLA mismatches* 3.3 ± 1.3 3.3 ± 1.0 3.3 ± 1.2 0.600

Donor type, n (%)
Cadaveric 6 (15.0) 2 (8.3) 4 (25.0) 0.040†

Live donor 34 (85.0) 22 (91.6) 12 (75.0) 0.010†

Induction agents, n (%)
ATG 7 (17.5) 2 (8.3) 5 (31.3) 0.900
ATG-F 9 (22.5) 4 (16.7) 5 (31.3) 0.200
Basiliximab 24 (60.0) 18 (75.0) 6 (37.5) 0.400

Serum creatinine*, mg/dL
Day 1 3.9 ± 1.6 2.8 ± 1.2 5.2 ± 1.8 0.010†

Day 2 2.3 ± 0.8 1.6 ± 0.6 5.0 ± 1.9 0.010†

Day 7 1.5 ± 0.7 1.3 ± 0.4 3.7 ± 1.2 0.010†

IGF: immediate graft function; DGF: delayed graft function; SGF: slow graft function; HLA: human leukocyte antigen; ATG: antithymocyte globulin;  
ATG-F: antithymocyte globulin-fresenius. *Mean ± SD; †: Significance.
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Figure 1: Receiver operating-characteristic curves 
for serum neutrophil gelatinase-associated lipocalin 
at two hours post-transplantation for predicting 
graft function in the slow and delayed graft  
functions group.
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and ATG-Fresenius (ATG-F). The majority received 
basiliximab (60.0%), and there was no difference 
in the use of induction agents between groups  
(p > 0.050). The mean serum creatinine value 
was significantly higher in the SGF+DGF group 
compared to the SGF group (p = 0.010) [Table 2].

In our study, we analyzed the median 
concentrations of serum and urine NGAL at two 
hours post-transplantation. In the SGF+DGF 
group, both serum and urine NGAL were higher 
compared to the IGF group (807 vs. 620 ng/mL,  
p = 0.020; 590 vs. 476 ng/mL, p = 0.040) [Table 3].

Serum NGAL demonstrated a sensitivity of 
90.0% and specificity of 53.0% at a cut-off value 
of 678 ng/mL. The area under the ROC curve was 
0.77 [Figure 1]. While urine NGAL showed 70.0% 
sensitivity and 74.0% specificity at cut-off 489 
ng/mL, the area under the ROC curve was 0.72  
[Figure 2].  Thus, in our cohort, serum NGAL was 
more sensitive than urine NGAL in predicting SGF/

DGF; however, as far as specificity was considered 
both were found to be non-specific.

D I S C U S S I O N
NGAL is a small group of secretory glycoproteins 
comprising of 20 amino acids at the N-terminal 
end followed by a ‘lipocalin’ domain of 48–193 
amino acids.12 Initially, NGAL was identified as a 
component of neutrophil granules; however, it is 
also secreted from several human tissues including 
hepatocytes, and gastrointestinal and pulmonary 
tract cells.17 According to reports, it participates in 
several pathways, including apoptosis, bacteriostasis, 
proliferation, and regeneration of renal tubule 
epithelial cells.14 As NGAL levels rise significantly in 
response to proximal tubular injury, both urine and 
serum NGAL have predictive value in various clinical 
conditions of AKI, including cardiac surgery,18 and 
contrast-induced AKI after cardiac cauterization.19 
However, a literature review suggests that in the 
context of post-renal transplantation DGF, the 
predictive ability of NGAL may vary.20 To effectively 
detect DGF in kidney transplant recipients, 
clinicians must know when to detect NGAL 
which usually begins to rise two hours after the 
injury, peaks at 8–12 hours, and returns to baseline 
after 24–48 hours.21 In this study, we conducted a 
quantitative comparison of the predicting ability 
of serum and urine NGAL in recipients who 
underwent live-related as well as cadaveric renal 
transplantation and subsequently developed SGF  
or DGF.

Out of our 40 renal transplant recipients, 60.0% 
had IGF and 40.0% had SGF+DGF. These findings 
share similarities with the study by Hall et al,21 
with 91 recipients (54.9% had deceased donors) 
of whom 37.3% developed DGF, 36.2% had SGF, 
and 26.3% had IGF. Pourmand et al,22 analyzed 29 
post-transplant recipients among whom 27.6% of 
recipients developed DGF which is also similar to 
our finding.

Table 3: Serum and urine NGAL at two hours post-transplantation.

NGAL type IGF SGF + DGF p-value

Serum NGAL*, ng/mL 620 (184.7–2586.6) 807 (317.0–1662.0) 0.020
Urine NGAL*, ng/mL 476 (226.0–1734.0) 590 (365.0–240.9) 0.040

NGAL: neutrophil gelatinase-associated lipocalin; IGF: immediate graft function; SGF: slow graft function; DGF: delayed graft function. 
*Median ± IQR.
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Figure 2: Receiver operating-characteristic curves 
for urine neutrophil gelatinase-associated lipocalin 
at two hours post-transplantation for predicting 
graft function in the slow and delayed graft 
functions group.
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In the current study, basiliximab was used as 
the induction agent in 60.0% of the overall study 
population. Similarly in a study on 170 recipients 
in Austria, 70% of the IGF group and 87% of the 
DGF group were given basiliximab as the induction 
agent.23 On the other hand, a study from the USA 
found that ATG was used in 56% of 92 deceased 
donor kidney transplant patients.21 Such differences 
in the choice of induction agents may be attributed 
to the lack of uniformity in the choice of induction 
agents among nephrologists as well as variations in 
recipient and donor status in different studies. 

In the present study, the median concentration 
of both serum and urine NGAL at two hours were 
higher in the SGF+DGF group than in the IGF 
group. This aligns with a study by Hollmen et al,24 et 
al, where they quantified serum NGAL at intervals 
of < 6 hours, 7–12 hours, and > 12 hours and found  
higher mean serum NGAL level of 687 ng/mL 
in DGF patients at < 6 hours post-transplant and 
reported that DGF predictability was best in the 
group where the samples were drawn < 6 hours post-
transplant, with a 436 ng/mL cut off. Furthermore, 
another study reported urine NGAL at 560 ng/mL 
on day one post-transplant.25 Pourmand et al,22 also 
found that serum NGAL predicted DGF during the 
early post-transplantation period (p = 0.005); further, 
serum NGAL was the only significant independent 
predictor of DGF based on the multivariate analysis 
(p = 0.039). In our study, the choice of measuring 
NGAL at two-hour post-transplantation turned out 
to be important, as it is the critical point in time for 
significant changes in NGAL production to occur, 
indicating the initial response to a renal injury. 
Quantifying NGAL at this point offers insights 
into the early stages of kidney injury, aiding timely 
detection and management.

In the current study, serum NGAL showed a 
sensitivity of 90.0% and specificity of 53.0% while 
urine NGAL showed 70.0% sensitivity and 74.0% 
specificity suggesting that, serum NGAL was more 
sensitive than urine NGAL in predicting SGF/DGF 
but with low specificity. This maybe because the 
predictability of urine NGAL might be affected by 
the frequent occurrence of oliguria and anuria in the 
postoperative period.15,16 However, a metanalysis by 
Li et al,20 comprising 14 observational studies (eight 
on urine NGAL and six on serum NGAL) with a 
total of 1036 kidney recipients,  found that the 
composite AUC for urine NGAL (0.91; 95% CI: 

0.89–0.94) had 88% sensitivity and 81% specificity, 
and the composite AUC for serum NGAL (0.95; 
95% CI: 0.93–0.97) had 91% sensitivity and 86% 
specificity.20 Their results suggested that both urine 
and serum NGAL are acceptable biomarkers for 
early prediction of DGF. 

Theoretically, urine NGAL would be expected to 
represent kidney injury better than serum NGAL. 
This is because most urine NGAL is produced by 
the distal nephrons rather than being filtered from 
the blood, while serum NGAL comes from the 
systematic pool.26 However, a meta-analysis study 
by Li et al,20 demonstrated that in practice serum 
NGAL has greater sensitivity and marginally higher 
specificity compared to urine NGAL. A Belgian 
study on 97 transplant patients also found that serum 
NGAL had higher AUC values than urine NGAL.27 

A potential explanation is that a variety of variables 
including urine concentration and glomerular 
filtration rate could influence urine NGAL levels, 
decreasing urine NGAL predictive power. Thus, 
clinicians tend to prefer serum NGAL as the more 
practical predictor for kidney transplant recipients 
who are likely to experience severe oliguria or even 
anuria after surgery.

Table 4 lists previous studies with individual 
cut-off values on serum NGAL and urine NGAL 
for predicting renal graft dysfunction. The variations 
in sensitivity and specificity between the studies are 
likely to be due to multiple factors like differences 
in population, race, methods of estimation, and 
sampling timings. 

The main limitation of this study is that it 
was conducted at a single center with a relatively 
small sample size. More studies with larger sample 
sizes from different parts of India are required to 
generate nationally representative data. Second, we 
conducted only a single serum and urine NGAL 
measurement per patient and did not include serial 
monitoring of NGAL over time. Third, we did not 
compare the predictive performance of NGAL with 
other potential biomarkers, which could provide 
a more comprehensive understanding of their  
predictive abilities.

C O N C LU S I O N
In our population, both serum and urine NGAL were 
significantly elevated in renal transplant recipients 
with SGF/DGF. The serum NGAL was more 
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sensitive than urine NGAL for predicting SGF/
DGF, but both had poor specificity. The optimum 
NGAL cut-off value for clinical application will need 
to be determined by more large-scale prospective 
cohort studies with serial monitoring over time 
to identify cut-off values of both serum and urine 
NGAL for predicting DGF.
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