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ABSTRACT

Introduction: Due to the increase in the incidence of acute kidney injury (AKI), especially
in patients admitted to the intensive care unit (ICU), its occurrence has been studied using
biomarkers such as urinary neutrophil gelatinase-dependent lipocalin (uUNGAL). However, its
clinical utility has not yet been approved.

Objectives: This study aimed to investigate the possibility of using uNGAL as a predictor of
AKI in patients admitted to the ICU.

Patients and Methods: This prospective study was conducted on 32 patients admitted to the
ICU who had normal creatinine level at the ICU admission and did not fulfill the RIFLE
(risk, injury, failure, loss of kidney function, and end-stage kidney disease) criteria. Initially,
creatinine level and the sequential organ failure assessment (SOFA) score were recorded. In
the first 24 hours of hospitalization, urine samples were taken from patients to assess uNGAL
levels. In the following days, creatinine levels and the day of its rise were recorded. The
incidence of AKI was assessed based on the RIFLE criteria, and the relationship between the
AKT incidence and the uNGAL level at admission was assessed.

Results: The mean (SD) of patients’ age was 63 + 17 years, and 18 patients (56%) were male.
The cause of hospitalization was post-cardiac surgery in 21 patients (66%). The median SOFA
score of patients was 2.5 at admission. According to the RIFLE criteria, 47% of patients had
kidney problems at different stages. The median length of hospital stay was 13 days, while
four patients (13%) died. Range and mean (SD) of uNGAL level at admission in all patients
was 46.1 to 172.5 ng/mL and 89.94 + 30.9 ng/mL, respectively, which was not significantly
different between the two sexes and between living and deceased patients. Although the mean
of uNGAL increased in patients in the risk and injury stage of the RIFLE criteria compared
to normal patients, the difference between them was not significant. The increase in uNGAL
was directly related to the increase in SOFA score (Spearman’s rho = 0.360, P = 0.043), while
its changes was not significantly related to age or creatinine elevation ratio.

Conclusion: The findings of our study showed that, in ICU admitted patients, first-day
uNGAL level was not helpful in predicting AKI based on the RIFLE criteria.

Implication for health policy/practice/research/medical education:

Various studies have reported that the use of urinary or serum neutrophil gelatinase-related lipocalin (NGAL) in the diagnosis
and management of acute kidney injury (AKI) may improve patient outcomes, however other studies have not confirmed its
clinical utility. Our findings showed that, in 32 patients admitted to the intensive care unit (ICU), first-day urinary NGAL
(uUNGLA) level was not helpful in predicting AKI based on the RIFLE (risk, injury, failure, loss of kidney function, and end-stage

kidney disease) criteria.
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Introduction

Acute kidney injury (AKI) is a common complication with
a growing incidence in patients admitted to the intensive
care unit (ICU) that is associated with significant mortality
and morbidity (1). AKI is defined by the Kidney Disease
Guidelines: Improving Global Outcomes (KDIGO) as an
increase in serum creatinine and/or a decrease in urinary
output (2). Moreover, there are other classifications such
as RIFLE (risk, injury, failure, loss of kidney function,
and end-stage kidney) and AKIN (acute kidney injury
network) criteria to determine its severity (3,4). AKI is
associated with increased mortality in ICU patients and
an increased need for renal replacement therapy (5).
Serum creatinine level is related to some factors such
as age, diet, and muscle mass; it increases only if the
glomerular filtration rate (GFR) is decreased by more than
50% (6). On the other hand, early detection of patients at
risk for AKI may provide an opportunity to perform some
interventions to prevent the onset and progression of AKI
(7); thereby, the research for finding biomarkers for early
detection of AKI is considered.

Various biomarkers such as cystatin C, interleukin-18
(IL-18), and neutrophil gelatinase-related lipocalin
(NGAL) have been studied to predict AKI development
in different patients (8,9). NGAL can be measured in both
serum and urine (10). Urinary NGAL (uNGAL) is highly
expressed in damaged renal tubules and can be detected
rapidly in urine (11). Although various studies in the last
decade have reported that the use of urinary or serum
NGAL in the diagnosis and management of AKI may
improve patient outcomes (12,13), some other studies
have not confirmed its clinical use, and further studies in
this area have been recommended (14,15). For example,
Koeze et al, investigated ICU admitted patients and
reported that although plasma NGAL was significantly
higher at baseline in patients progressing to AKI, adding
it to the AKI prediction model did not improve prognosis
(16).

Objectives

Given that the use of new biomarkers is associated with
high costs and their clinical use has not yet been definitively
confirmed, the present study aimed to investigate the
possibility of using uNGAL as a predictor of AKI in ICU
admitted patients.

Patients and Methods

This prospective study was performed on 32 patients
admitted to the ICU of three hospitals of Bu Ali Sina,
Velayat, and Rajai in Qazvin. The patients had normal
creatinine level at ICU admission and did not fulfill
the RIFLE criteria (risk, injury, failure, loss, and end-
stage kidney). Patients’ data were recorded at the time
of admission, including age, gender, history of dialysis,
nephrotic syndrome and cardiovascular disease, creatinine
level, and SOFA (sequential organ failure assessment)

score. During the first 24 hours of hospitalization,
urine samples were taken from the patients, and the
samples were transferred to the laboratory. The samples
were centrifuged at 2000 rpm for 5 minutes to prepare
supernatant for uNGAL level measurement and were kept
at -80°C. In the following days, creatinine level, day of
creatinine rise, length of hospital stay, and mortality were
recorded.

The incidence of AKI was assessed based on the RIFLE
criteria, which is an accepted standard for preventing
and treating AKI. According to these criteria, a 1.5 times
increase in creatinine level is simply considered as risk, 2
times increase considered as injury, and 3 times increase
or increase more than 0.5 mg/dL if the creatinine is more
than 4 mg/dL or more is considered as failure (3).

After collecting 32 samples, the uNGAL level of the urine
sample was measured by 48 human neutrophil gelatinase-
associated lipocalin (enzyme-linked immunosorbent
assay) kit (Hangzhou Eastbiopharm Company, China).
Finally, the relationship between the incidence of AKI
based on RILFE criteria and the level of uNGAL at
admission was investigated.

Data analysis

SPSS version 25 statistical software was used for data entry
and analysis. Frequency (percentage) was conducted to
describe qualitative data. The mean (standard deviation),
median and interquartile range (IQR) were utilized to
describe quantitative variables. Independent sample ¢ test
and one-way ANOVA were employed to compare uNGAL
levels. Pearsons and Spearman’s correlation coefficients
were also conducted to evaluate the correlation between
uNGAL and age, SOFA score, and creatinine elevation.
Accordingly, P<0.05 was considered statistically
significant.

Results

Table 1 shows the characteristics of patients. Table 2 shows
the kidney status of patients at the time of admission to
the ICU and during the hospital stay. According to the
RIFLE criteria, 47% of patients had kidney problems
in varying stages. The range and median (IQR) of the
length of hospital stay were 3-90 days and 13 (9-16) days,
respectively. Four patients (13%) also died.

The range and mean (SD) of uNGAL level at admission
in all patients was 46.1 to 172.5 ng/mL and 89.94 + 30.9 ng/
mL, respectively, which showed no significant differences
between the two sexes, between living and deceased
patients, and between patients with and without a history
of cardiac disease. Although the mean uNGAL level in
patients in risk and injury stages of the RIFLE criteria
was higher than normal patients; however, the difference
between them was not significant (Table 3). The increase
in uNGAL was directly related to the increase in SOFA
score (Spearmans rho=0.360, P=0.043). Furthermore
uNGAL changes was not significantly related to age
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Table 1. Patients characteristics

Variable
Age (y), Mean £ SD 6317
Gender, No. (%)
Male 18 (56)
Female 14 (44)
Cause of ICU admission, No. (%)
After heart surgery 21 (66)
Internal problems 4(13)
Trauma 3(9)
After general surgery 2 (6)
Infectious disease 1(3)
Neurological problems 1(3)
Disease history, No. (%)
Dialysis 0(0)
Nephrotic syndrome 5(16)
Cardiovascular disease 24 (75)
SOFA score, Median (IQR) 2.5 (2-4)

IQR: Interquartile range, SOFA: Sequential Organ Failure Assessment.

or creatinine elevation ratio (Pearson’s correlation
coefficient=0.029 P=0.874 and Spearman’s rho=0.178,
P=0.330, respectively).

Discussion

The findings of our study showed that the first-day uNGAL
level was not helpful in predicting renal impairment based
on the RIFLE criteria in ICU admitted patients. Although
the increase in uNGAL was directly related to the SOFA
score, it was not significantly related to the increase in
creatinine ratio.

The incidence of AKI has increased, especially in
patients admitted to the ICU (17), For early AKI diagnosis
and classification in patients admitted to the ICU, in
addition to urine output and serum creatinine, several
biomarkers have been studied so far, of which NGAL
seems to be more studied than others (14). However,
despite the great heterogeneity of AKI, it is not surprising
that NGAL level can predict AKI well in a particular
population of patients while not very effective in other
populations (18). For example, Dobilien et al reported
that uNGAL was a good marker for predicting AKI in
infants and children admitted to the ICU (19). In contrast,
Albeladi and Algethamy reported that although uUNGAL
level of the first and second day was the predictor of the
requirement to renal replacement therapy in adult patients
admitted to the ICU, it is less accurate in early detection of
AKI and its severity (20). However, McMahon et al did not
find the statistical and clinical usefulness of the addition
of uNGAL to the AKI predictive model in ICU patients
in contrast to simpler models (15). On the other hand,
Albert et al, in a meta-analysis in 2020, reported that
plasma and urinary NGAL were able to identify patients
at risk for AKI, but determining the appropriate cut-off

Urinary NGAL for AKI

Table 2. Kidney status of patients at the time of admission to the ICU and
during the hospital stay

Variable
Creatinine at admission (mg/dL), Mean + SD 0.83+0.12
The first increased creatinine (md/dL), Mean + SD 1.33+0.49

Increased creatinine ratio to creatinine at

admission, median (IQR) L

Creatinine rise day, No. (%)

Third day or less 13 (41%)
Fourth to seventh days 15 (47%)
Eighth day onwards 4 (12%)
RIFLE criteria, No. (%)
None 17 (53%)
Risk 12 (38%)
Injury 2 (6%)
Failure 1(3%)

IQR: Interquartile range; RIFLE criteria: Risk, Injury, Failure, Loss, and
End-stage Kidney.

Table 3. Comparison of uNGAL levels at ICU admission between patient
characteristics

Variable Mean (SD) P value
Gender
Man 93.3+34.7
0.499*
Female 85.7+25.9
History of heart disease
Yes 83.0%29.5 0.126*
No 93.9+26.5
Patient outcome
Alive 88.0+32.1 0.368*
Deceased 103.2+17.7
RIFLE criteria
None 75.7+£6.0
0.674**
Risk 86.4 1 24.5
Injury 93.9+37.2

uNGAL: urinary neutrophil gelatinase-dependent lipocalin; RIFLE
criteria: Risk, Injury, Failure, Loss, and End-stage Kidney; ICU: intensive
care unit.

* Independent sample t test, ** One-way ANOVA.

point needed further investigation (21).

Our study also showed that in patients in the ICU,
uNGAL level could not predict the onset and severity of
AKI based on RIFLE criteria. Heterogeneity of patients,
the effect of other factors such as disease severity, infection
and inflammation on the level of NGAL (22), heterogeneity
of AKI nature and different definitions of AKI, as well as
non-standardization of NGAL assay kits (23) can be the
reasons for inconsistency in the results of different studies.
Therefore, due to the controversial results of studies on
biomarkers predicting AKI, at present, it is not possible
to introduce a single biomarker for clinical use, and more
extensive studies are needed in this regard (14).
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Conclusion

The findings of our study showed that, in patients admitted
to the ICU, first-day uNGAL level was not helpful in
predicting AKI based on the RIFLE criteria.

Limitations of the study

Due to the high cost of uNGAL laboratory kits, the sample
size of the present study was considered low. Therefore, it
may not be possible to generalize the results to all patients.
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