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1  | INTRODUC TION

Neutrophil gelatinase-associated lipocalin (NGAL) is a 25 kDa protein 
belonging to the lipocalin superfamily1 and is released by activated 

neutrophils and renal tubular cells.2 NGAL is freely filtered through the 
glomerulus and reabsorbed in the proximal tubule.3 The NGAL concen-
tration is very low in normal physiologic conditions. NGAL is synthesized 
in large amounts during the course of kidney injury and was explored as 
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Abstract
Background: Recipient delayed graft function, which is defined as dialysis in the first 
week after transplantation, is one of the most common early complications after kid-
ney transplantation. This study aimed to evaluate the daily changes in renal function-
related biomarkers in the first week post-transplant.
Methods: A total of 72 kidney transplant recipients were retrospectively included 
in this study. Clinical and laboratory data were collected daily during the first week 
post-transplant, including urinary concentrations of neutrophil gelatinase-associated 
lipocalin (NGAL), serum concentrations of NGAL, creatinine, urea nitrogen, uric acid 
(UA), β2-microglobulin, cystatin C, and estimated glomerular filtration rate (eGFR).
Results: There were no significant differences in urea nitrogen (P  =  .375), UA 
(P =  .090), and cystatin C (P =  .691), while urinary NGAL (P <  .0001), serum NGAL 
(P < .0001), creatinine (P < .0001), β2-microglobulin (P < .0001), and eGFR (P < .0001) 
were statistically significant in the first week post-transplant. In comparison with 
serum NGAL (P < .0001), creatinine (P < .0001), β2-microglobulin (P = .001), and eGFR 
(P = .001), the change ratios of urinary NGAL changed the most between day 1 and 
day 2 after renal transplantation, while the changing degree of urinary NGAL showed 
no significant difference compared with these indicators between day 1 and day 7 
after kidney transplantation.
Conclusion: Urinary NGAL is a sensitive marker for indicating renal function. Urinary 
NGAL combined with other markers can be more helpful for evaluating renal func-
tion in the first week following kidney transplantation.
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a marker for compromised organ function.4,5 Urine-related biomarkers 
during kidney injury, such as NGAL, kidney injury molecule-1, IL-18, and 
liver fatty acid-binding protein, have been confirmed as accurate mark-
ers of kidney injury through clinical experimentation.6,7

Delayed graft function (DGF) is one of the most common com-
plications of kidney transplantation, defined as the need for dialysis 
within one week of transplantation.8 Additionally, DGF is associated 
with decreased short- and long-term graft survival rates.9 The cur-
rent evaluation of renal function in renal transplantation recipients 
still depends on serum creatinine (SCr), glomerular filtration rate, 
serum urea nitrogen, and other clinical indicators.10,11 In this retro-
spective study, we investigated daily changes in renal function-re-
lated biomarkers in the first week after transplantation and evaluated 
the role of NGAL in the functional recovery of renal transplantation.

2  | METHODS AND METHODS

2.1 | Patient selection

This was a retrospective study that analyzed patients who received a 
kidney transplantation in the First Affiliated Hospital of Zhengzhou 
University. The inclusion criteria included the following: (a) patients 
who were first time recipients of renal transplantation; (b) the fol-
low-up period was at least 3  months. The exclusion criteria were 
as follows: (a) patients with any malignant diseases; (b) outpatients 
and patients without complete medical records; (c) patients with im-
munodeficiency; (d) patients with chronic and acute inflammatory 
diseases; (e) patients with genetic disease; and (f) loss of follow-up 
during observation. All study subjects submitted informed consent. 
The study procedures are in accordance with the Declaration of 
Helsinki and were approved by the Medical Research and Research 
Ethics Committee of the First Affiliated Hospital of Zhengzhou 
University. We reviewed the information of 72 patients who re-
ceived a kidney transplantation from February 2017 to October 
2018, including clinical demographic characteristics and daily renal 
function markers within one week after kidney transplantation.

2.2 | Sample collection and analysis

Postoperative serum and urine samples were collected from patients 
on an empty stomach in the morning. Samples on postoperative day 
1 were collected nearly 3 to 12  hours after renal transplantation. 
The samples were collected daily from day 1 to day 7 after kidney 
transplantation.

Serum creatinine was measured by the creatinine oxidase method; 
blood urea nitrogen and uric acid (UA) were detected by the colori-
metric method; cystatin C (Cys C) and β2-microglobulin (β2-MG) were 
measured by the immunoturbidimetric method; estimated glomerular 
filtration rate (eGFR) was calculated using the modification of diet in 
renal disease formula.12 Roche cobas 8000 automatic biochemical ana-
lyzer (Roche Diagnostics, Switzerland) and test kits (Roche Diagnostics, 

Switzerland) were used to detect daily renal function markers, and all 
experimental procedures strictly followed the manufacturer's instruc-
tions. Immunological scattering turbidity was used to detect serum 
and urinary NGAL using the PA8800 special protein analyzer (Beijing 
Prom Medical, China), according to the neutrophil gelatinase-related 
lipocalin detection kit (Beijing Prom Medical). Urinary NGAL >100 ng/
mL or serum NGAL concentration >106 ng/mL was judged as positive, 
according to the reference value provided by the manufacturer.

2.3 | Statistical analysis

Statistical analyses were performed using the SPSS 16.0 software 
(SPSS Inc., Chicago, IL, USA). The data in each group were tested 
for normality using the Kolmogorov-Smirnov (KS) test. The data of 
each group were non-normally distributed and are represented by 
the median and quartile [M (P25~P75)]. The Kruskal-Wallis H test 
was used for multiple group comparisons, and the Mann-Whitney U 
test was used for pairwise comparisons. Student's t test was used to 
compare the change ratios between independent quantitative data. 
A P < .05 indicated statistical significance. GraphPad Prism 5.0 soft-
ware was used for image drawing.

3  | RESULTS

3.1 | Patient characteristics

Basic clinical characteristics of the renal transplantation patients are 
shown in Table 1. Seventy-two patients were included in the study, 

TA B L E  1   Clinical data of 72 kidney transplant recipients

Characteristics
All Patients
n = 72, n (%)

Age (y), median (range) 35 (13-57)

Gender

Male 53 (74)

Female 19 (26)

Underlying diseases

IgA nephropathy (%) 1 (1)

Gout nephropathy (%) 1 (1)

Comorbidities

Renal hypertension (%) 41 (57)

Renal anemia (%) 38 (53)

Preoperative dialysis mode

Hemodialysis status (%) 38 (53)

Peritoneal dialysis status (%) 7 (10)

Operation

Allogeneic kidney transplantation (%) 70 (97)

Allogeneic kidney transplantation & peritoneal 
dialysis catheter resection (%)

2 (3)
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including 53 males and 19 females, and the median age was 35 years 
(range 13–57). Among the 72 patients, renal hypertension (57%) and 
renal anemia (53%) were the most common complications. All pa-
tients had end-stage renal disease before transplantation. Few pa-
tients had IgA nephropathy (1%) or gout nephropathy (1%).

3.2 | Trends of renal function-related indicators 
within one week after renal transplantation

Our study included 72 patients who underwent renal transplan-
tation. Data showed that within one week after kidney transplan-
tation, urinary NGAL, serum NGAL, SCr, and β2-MG showed a 
significant decline, while eGFR increased significantly. There were 
no significant differences observed in UA, urea nitrogen, and cys-
tatin C (Figure 1). Table 2 shows the laboratory data of the kidney-
related indicators within one week after transplantation. Within 
the first week post-transplantation, there were no significant 
differences in the daily concentration variation of urea nitrogen 
(P = .375), UA (P = .090), and cystatin C (P = .691). Conversely, uri-
nary NGAL (P < .0001), serum NGAL (P < .0001), SCr (P < .0001), β2-
microglobulin (P < .0001), and GFR (P < .0001) showed statistically 
significant changes in the first week after kidney transplantation.

3.3 | Comparison of daily 
concentrations of indicators within the first week of 
post-transplantation

Within the first week after kidney transplantation, the concentrations 
of urinary NGAL, β2-MG, and eGFR were statistically different on day 1 
and day 2 compared with concentrations on other days. There were sta-
tistical differences in the concentrations of serum NGAL, creatinine at 
day 1, day 2, and day 3 compared with other days. Additionally, the con-
centration of creatinine on day 4 showed significant differences com-
pared with day 6 and day 7 after surgery, and statistical significance was 
observed in the concentrations of β2-MG on day 3 compared with day 
6 and day 7. The eGFR concentration was statistically significant on day 
3 compared with day 5, day 6, and day 7 after surgery, and there were 
significant differences in eGFR concentrations between day 4 and day 
6 after transplantation. Moreover, there were no differences in pairwise 
comparisons at other times. We also found there were no significant 
differences in the daily concentration changes in UA, urea nitrogen, and 
cystatin C within the first week after surgery (Figure 2).

3.4 | Comparison of indicator change ratios 
between day 1 and day 2, day 1 and day 7 after renal 
transplantation

The comparison of change ratios of urinary NGAL, serum NGAL, 
creatinine, β2-MG, and eGFR between day 1 and days 2 to 7 after 
kidney transplantation are shown in Table 3.TA
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F I G U R E  2   Daily concentration changes in kidney functional indexes in the first week after kidney transplantation. *P < .05
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In the comparison of the change ratios between day 1 and day 
2 after renal transplantation in urinary NGAL with serum NGAL 
(P  <  .0001), creatinine (P  <  .0001), β2-MG (P  =  .001), and eGFR 
(P = .001), the change in urinary NGAL was statistically significant. 
In the comparison of changes between day 1 and day 7 after renal 
transplantation, urinary NGAL showed no significant difference in 
the proportion of change compared with serum NGAL (P  =  .096), 
creatinine (P = .183), β2-MG (P = .125), and eGFR (P = .117) (Table 4).

4  | DISCUSSION

Delayed graft function, defined as the requirement for dialysis in 
the first week after transplantation, is one of the most common 
early complications in kidney transplantation recipients. In a previ-
ous study, the incidence of DGF in kidney transplant recipients was 
24.3% when the source of the kidney was from a cadaver, and the 
incidence of DGF was 4% to 10% in kidneys from living donors.13-15 
At present, the most common indicators used to evaluate renal func-
tion after transplantation are creatinine, urea nitrogen, UA, cystatin 
C, and eGFR. However, these indicators are insensitive and suscepti-
ble to non-renal factors, which may lead to inaccurate assessments, 
unsatisfactory curative effects, and poor prognosis. This also may 
be one of the important factors that seriously affect the recovery 
of renal function in kidney transplantation. NGAL is used as a bio-
marker for the diagnosis of early renal injury. When acute renal injury 
occurs in non-renal transplant patients, the concentration of NGAL 
in serum and urine increases at the early stage, and this rapid change 
in NGAL occurs much earlier than changes in blood creatinine.16 In 
contrast, NGAL detection is less affected by other factors and has 
a unique advantage in reflecting various acute and chronic kidney 
injuries.17 In this study, we analyzed the common renal function 

indicators and NGAL within one week after kidney transplantation 
to evaluate the role of urinary NGAL in renal function recovery after 
kidney transplantation.

According to our analysis of changes in renal function-related in-
dicators within one week after transplantation, we found that both 
serum and urinary NGAL have the same downward trend as creati-
nine and β2-MG, and they have the opposite trend of eGFR, which 
was consistent with other studies.18-20 In the first week after renal 
transplantation, serum and urinary NGAL, creatinine, and β2-MG in-
creased, while eGFR decreased. This demonstrates these indicators 
are effective for the early evaluation of renal function after renal 
transplantation. Conversely, obvious changes in UA, urea nitrogen, 
and cystatin C were not observed, which suggests they are poor in-
dexes for the early evaluation of renal function. However, Li et al21 
showed that cystatin C, serum NGAL, and urinary NGAL could accu-
rately reflect renal function after renal transplantation. The results 
of our study showed that cystatin C did not change significantly after 
kidney transplantation, which was not consistent with Li et al’s find-
ings. This discrepancy could be attributed to the low sample size in 
our study. We will increase the sample size to investigate the role 
of cystatin C in future studies. However, based on our findings, we 
suggest that urinary NGAL has an advantage over cystatin C in eval-
uating renal function injury and recovery.

After analyzing the concentration changes in renal function-re-
lated indicators, we found that there were significant differences in 
serum and urinary NGAL, creatinine, β2-MG, and eGFR within one 
week after renal transplantation, especially on day 1 and day 2. Out of 
all the indicators, we observed that urinary NGAL exhibited the most 
drastic change in the two days after transplantation. Urinary NGAL 
was significantly higher than the other indicators with a change rate 
of 45%, indicating that urinary NGAL changed the most quickly in 
response to renal function recovery after surgery. Although serum 

Urinary 
NGAL

Serum 
NGAL Creatinine β2-MG eGFR

2d vs 1d 45.44% 20.74% 25.75% 38.54% 38.86%

3d vs 1d 72.42% 52.97% 45.78% 47.58% 58.43%

4d vs 1d 77.63% 65.70% 54.62% 54.19% 67.82%

5d vs 1d 76.62% 67.15% 60.95% 55.72% 71.55%

6d vs 1d 77.53% 64.71% 63.20% 57.67% 73.53%

7d vs 1d 77.61% 59.04% 64.54% 59.26% 72.56%

TA B L E  3   Change ratios of urinary 
NGAL, serum NGAL, creatinine, β2-MG, 
and eGFR on day 1 compared with the 
rest days within the first week after 
kidney transplantation (%)

2d vs 1d P-value 7d vs 1d
P-
value

Urinary NGAL vs serum 
NGAL

45.44% vs 20.74% <.0001 77.61% vs 59.04% .096

Urinary NGAL vs 
creatinine

45.44% vs 20.76% <.0001 77.61% vs 64.54% .183

Urinary NGAL vs β2-MG 45.44% vs 38.54% .001 77.61% vs 59.26% .125

Urinary NGAL vs eGFR 45.44% vs 38.86% .001 77.61% vs 72.56% .117

TA B L E  4   Change ratios of urinary 
NGAL compared with serum NGAL, 
creatinine, β2-MG, and eGFR after kidney 
transplantation (%)
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NGAL also changed significantly in the two days after the operation, 
there were no significant differences in the proportion of changes 
compared with creatinine and other indicators. This shows that uri-
nary NGAL may be more accurate than serum NGAL at indicating 
rapid changes in renal function after renal transplantation.

Though urinary NGAL changed the most in the 2 days after sur-
gery, the concentration did not decrease significantly during the rest 
of the week. This trend was not observed in serum NGAL and other 
indexes. Regarding creatinine and eGFR, obvious differences were 
observed on day 4 after the kidney transplantation, which indicates 
creatinine and eGFR may be more appropriate indexes for the con-
tinuous assessment of renal function. Within one week after kid-
ney transplantation, the declining proportion of urinary NGAL was 
the largest as a whole, but statistical analysis showed there was no 
statistical difference in the change in urinary NGAL on day 7 after 
surgery when compared with other indicators. Taken together, the 
role of NGAL needs further investigation in order to determine its 
accuracy as an indicator during long-term renal function assessment.

This study preliminary analyzed the relationship between NGAL 
and commonly used renal function indicators by retrospectively 
evaluating the clinical and laboratory data of 72 patients after renal 
transplantation. Our study had a few limitations, such as an inad-
equate sample size and short follow-up time. In future studies, we 
plan to expand the number of patients and extend the follow-up 
time in order to further explore whether NGAL has a predictive role 
in evaluating renal function and related complications after renal 
transplantation.

In general, this study has clearly demonstrated that the con-
centration of NGAL rapidly decreases after kidney transplantation, 
especially urinary NGAL. Therefore, urinary NGAL combined with 
common renal function markers may be helpful in the early evalua-
tion of renal function after kidney transplantation.
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