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ABSTRACT

ARTICLE INFO

Background: Early detection of acute kidney injury (AKI) in critically ill burn pa-
tients is crucial for improving outcomes. Neutrophil gelatinase-associated lipocalin
(NGAL) has emerged as a promising biomarker for early AKI detection. This study
aimed to evaluate the efficacy of serum and urinary NGAL levels in predicting AKI in
burn patients admitted to the intensive care unit (ICU).

Methods: A prospective observational study was conducted on 31 burn patients ad-
mitted to the burn ICU. Serum and urinary NGAL levels were measured at admission
(0 hours) and at 12, 24, 36, 48, and 72 hours post-admission. AKI was defined using
the RIFLE and AKIN criteria. Renal replacement therapy (RRT) requirements, mor-
tality, and other clinical parameters were recorded. Statistical analyses were per-
formed to assess the correlation between NGAL levels and AKI development.

Results: Of the 31 patients, 48.4% required RRT, and 45.2% died. Serum NGAL levels
at 0 and 12 hours were significantly higher in patients who developed AKI (p<0.05).
A serum NGAL cutoff of 251 ng/ml was identified as a significant predictor of AKI
(p<0.05). Urinary NGAL levels did not show significant predictive value for AKI. Mor-
tality was significantly associated with higher burn surface area, increased fluid re-
quirements, and higher SOFA and APACHE Il scores (p<0.01).

Conclusion: Serum NGAL levels are elevated early in burn patients who develop AKI,
suggesting its potential as a predictive biomarker. Urinary NGAL did not show signifi-
cant predictive value. Further studies with larger cohorts are needed to validate these
findings and explore the role of NGAL in guiding early interventions in burn patients.
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1. Introduction

Acute kidney injury (AKI) is a serious and common
complication in critically ill burn patients, significantly
increasing morbidity, mortality, and long-term health
complications [1,2]. The kidneys are particularly vulner-
able in burn injuries due to a combination of factors, in-
cluding systemic inflammation, hypovolemia, ne-
phrotoxic drug exposure, and muscle breakdown leading
to rhabdomyolysis. Given the high risk of AKI in burn pa-
tients and its association with poor outcomes, early de-
tection is crucial for guiding timely interventions and im-
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proving prognosis [3,4]. Traditionally, AKI is diagnosed
using markers such as serum creatinine and urine out-
put. However, these conventional markers have signifi-
cant limitations. Serum creatinine, for instance, does not
rise until substantial kidney damage has already oc-
curred, making it a delayed rather than an early indica-
tor of injury. Urine output, while commonly monitored,
can be influenced by factors like aggressive fluid resus-
citation, systemic inflammation, and changes in hemody-
namics, limiting its reliability as a sole diagnostic tool.
These challenges highlight the urgent need for more sen-
sitive and specific biomarkers that can detect AKI at an
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earlier stage, allowing for timely therapeutic interven-
tions.

Neutrophil gelatinase-associated lipocalin (NGAL)
has emerged as a promising biomarker for the early de-
tection of AKI. NGAL is a small protein released by renal
tubular epithelial cells in response to injury, and its lev-
els rise rapidly in both blood and urine within hours of
kidney damage—long before changes in serum creati-
nine occur [5,6]. Previous studies have demonstrated
that NGAL can predict AKI in various critically ill popula-
tions, including patients undergoing cardiac surgery,
those with sepsis, and individuals with contrast-induced
nephropathy [7,8]. These findings suggest that NGAL
could serve as an early warning signal, enabling clini-
cians to initiate protective measures such as optimizing
fluid management, avoiding nephrotoxic agents, and
considering early renal replacement therapy (RRT)
when necessary.

Despite the growing evidence supporting NGAL as a
biomarker for AKlI in critically ill patients, its role in burn
patients remains unclear. The pathophysiology of AKI in
burns differs from other settings due to the interplay of
systemic inflammation, large-volume fluid shifts, direct
renal insults, and tissue injury, which may alter NGAL ki-
netics. Additionally, there is uncertainty regarding
whether serum or urinary NGAL is a more reliable pre-
dictor of AKI in this population, as factors such as in-
creased vascular permeability and altered renal protein
handling in burn-induced systemic inflammatory re-
sponses may affect urinary NGAL levels differently.

We hypothesized that NGAL levels would rise earlier
than traditional AKI markers such as serum creatinine
and urine output, making it a valuable tool for early de-
tection in critically ill burn patients. Therefore, this study
aimed to evaluate the predictive value of serum and uri-
nary NGAL levels for AKI in this high-risk population. By
exploring the role of NGAL in burn patients, we sought to
provide new insights into early AKI diagnosis and con-
tribute to improved clinical management strategies, ulti-
mately leading to better patient outcomes.

2. Materials and Methods

This study was conducted at the Burn Intensive Care
Unit of Dr. Liitfi Kirdar Kartal Training and Research Hos-
pital between April 1, 2011, and April 1, 2012, with ap-
proval from the local ethics committee (KEAHEK, March
21, 2011, No: 03/11). The study was designed as a pro-
spective analytical observational study to evaluate the ef-
fectiveness of neutrophil gelatinase-associated lipocalin
(NGAL) as a biomarker for the early detection of acute kid-
ney injury (AKI) in burn patients. Inclusion and Exclusion
Criteria: Patients were eligible for inclusion if they met the
following criteria: (1) age 218 years, (2) admission to the
Burn ICU within 24 hours of burn injury, (3) TBSA burned
>20%, and (4) informed consent provided. Exclusion cri-
teria comprised: (1) pre-existing chronic kidney disease
(CKD), (2) pregnancy or lactation, (3) incomplete clinical
data, and (4) refusal to participate.

Upon admission to the hospital, patients were initially
evaluated in the emergency department. Following ini-

tial interventions, they were assessed for additional
trauma and clinical findings by a multidisciplinary team
before being admitted to the burn intensive care unit. Af-
ter routine monitoring, central venous catheterization
and arterial cannulation were performed to facilitate
fluid resuscitation and hemodynamic monitoring. Fluid
resuscitation was initiated based on parameters such as
body weight and the percentage of total body surface
area (TBSA) affected by burns.

Blood and urine samples were collected at admission
(0 hours) and at 12, 24, 36, 48, and 72 hours post-admis-
sion according to a standardized protocol. Concurrently,
hemodynamic parameters, urine output, the volume of
crystalloids and colloids administered within 72 hours,
the use of inotropic agents, the duration of renal replace-
ment therapy (RRT), and lactate and creatinine levels
measured from venous blood gas samples were rec-
orded. Urine samples collected for the study were not
centrifuged, while serum samples were centrifuged at
5000 rpm for 4 minutes. The plasma fraction was then
transferred to Eppendorf tubes and stored at -80 °C for
further analysis.

To assess morbidity and mortality, the Sequential Or-
gan Failure Assessment (SOFA) and Acute Physiology
and Chronic Health Evaluation II (APACHE-II) scores
were recorded at 24 and 48 hours. The AKIN (Acute Kid-
ney Injury Network) and RIFLE (Risk, Injury, Failure,
Loss, End-stage) criteria were used to define AKI and
were evaluated at 12, 24, 36, 48, and 72 hours. NGAL lev-
els in blood and urine samples were measured using the
ELISA method (Human Neutrophil Gelatinase-Associ-
ated Lipocalin/Lipocalin-2 ELISA Kit; Adipo Bioscience,
Inc., Santa Clara, USA).

2.1. Statistical analysis

Statistical analyses were performed using SPSS for
Windows, version 15.0. The normality of the data distri-
bution was assessed using the Kolmogorov-Smirnov
test, and all parameters were found to be normally dis-
tributed. Descriptive statistics (mean, standard devia-
tion, frequency) were used to summarize the data. For
quantitative data, comparisons between groups were
performed using the Student’s t-test, while within-group
comparisons were analyzed using the paired sample t-
test. Qualitative data were compared using the chi-
square test or Fisher’s exact test, as appropriate. Sensi-
tivity and specificity analyses were conducted to deter-
mine the optimal cutoff value for serum NGAL. Pearson’s
correlation test was used to evaluate relationships be-
tween variables. A p-value of <0.05 was considered sta-
tistically significant.

3. Results

The study included 31 patients (26 males, 5 females)
with a mean age of 32.9 + 17.6 years. The mean burn sur-
face area was 51.3%, with flame burns being the most
common etiology (54.8%). Inhalation injury was present
in 12.9% of patients. Burn severity was predominantly
second- and third-degree in all patients, with total body
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surface area (TBSA) involvement ranging from 20% to
100% (mean: 51.3%). Primary Outcomes: AKI devel-
oped in 22.5% of patients based on RIFLE criteria and
18% based on AKIN criteria. Serum NGAL levels at 0 and
12 hours were significantly higher in patients who devel-
oped AKI (p<0.05) (Table 1, Fig. 1). A serum NGAL cutoff
of 251 ng/ml was identified as a significant predictor of
AKI (p<0.05). However, urinary NGAL levels did not
show significant predictive value for AKI (Table 2, Fig. 2).
Secondary Outcomes: RRT was required in 48.4% of pa-
tients, with a mean duration of 6.3 + 4.7 days. Mortality
was 45.2%, with higher burn surface area, increased
fluid requirements, and higher SOFA and APACHE II
scores being significant predictors of mortality (p<0.01).
Inotropic support was required in 51.6% of patients and
was associated with higher mortality (p<0.01) (Table 3).

Among the cohort, 17 patients were successfully dis-
charged following recovery, whereas 14 patients suc-
cumbed to their injuries. While the types of burns varied,
flame burns were the most common (n=17, 54.8%), fol-
lowed by electrical burns (n=12, 38.7%), inhalation burns

(n=4, 12.9%), scald burns (n=2, 6.4%), and burns caused
by hot oil (n=1, 3.2%). Notably, two patients with electri-
cal burns had no discernible entry or exit wounds. Some
patients sustained combined burn injuries: three had both
flame and inhalation burns, one had flame and electrical
burns, and another had scald and inhalation burns.

In patients with suspected inhalation injury, clinical
findings such as singed nasal hairs, soot deposition in the
upper airways, mucosal hyperemia, and edema were
carefully evaluated. Additionally, bedside bronchoscopy
was performed by the pulmonology team to confirm the
diagnosis. One patient was diagnosed with thoracic frac-
tures due to multiple trauma.

Among the cohort, two patients had a history of coro-
nary artery disease, diabetes mellitus, and hypertension;
one patient had diabetes mellitus and hypertension; and
another had schizophrenia, for which they were under-
going treatment at the time of admission following a su-
icide attempt. The remaining 26 patients had no known
comorbidities aside from burn injuries. None of the pa-
tients had a history of chronic kidney disease.

Table 1. Relationship between serum NGAL levels and creatinine levels.

Time point Correlation coefficient (R) p-value
0 hour 0.433 0.015*
12 hours 0.443 0.013*
24 hours 0.140 0.454
36 hours 0.279 0.151
48 hours 0.332 0.091
72 hours 0.159 0.449

*Pearson correlation analysis
*p<0.05

Table 2. Relationship between urinary NGAL levels and creatinine levels.

Time point Correlation coefficient (R) p-value
0 hour 0.352 0.056
12 hours 0.195 0.302
24 hours 0.124 0.513
36 hours 0.211 0.282
48 hours 0.351 0.072
72 hours 0.232 0.264

Table 3. Distribution of inotropic use, mortality, and RRT.

Presence (%)

Absence (n) Absence (%)

Parameter Presence (n)
Inotropic use 16
Mortality 14
RRT 15

51.6
45.2

48.4

15 48.4
17 54.8
16 51.6
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Fig. 1. ROC curve for serum NGAL: Graph representation of sensitivity vs. 1-specificity.

Sensitivity
=]
‘I'h
|

=]
£
|

_I_r

0,0 1 T T
0,0 0,2 0,4

T T T
0,€ 0,8 1,0

1 - Specificity

Fig. 2. ROC curve for urinary NGAL: Graph representation of sensitivity vs. 1-specificity.

4. Discussion

This study highlights that serum NGAL levels rise
early in burn patients who develop acute kidney injury
(AKI), suggesting its potential as a predictive biomarker.
The strong correlation between serum NGAL levels and
AKI development aligns with findings from other criti-
cally ill populations, such as those undergoing cardiac
surgery, sepsis patients, and individuals with contrast-
induced nephropathy [6,8,9]. However, urinary NGAL
did not show significant predictive value in our cohort,
likely due to the complex pathophysiology of burn-re-
lated AKI, which involves systemic inflammation,
hypovolemia, and nephrotoxic insults [10,11].

NGAL is a small protein released from renal tubular
cells in response to injury, and its levels increase rapidly
in both serum and urine following AKI [5]. In our study,
serum NGAL levels at admission (0 hours) and 12 hours
post-admission were significantly higher in patients who
developed AKI, with a cutoff value of 251 ng/ml demon-
strating strong predictive accuracy (p<0.05). This find-
ing is consistent with previous studies in cardiac surgery
and critically ill patients, where NGAL predicted AKI 24-
48 hours before serum creatinine levels rose [7,9]. The
early rise in NGAL levels likely reflects tubular injury be-
fore significant changes in glomerular filtration rate
(GFR) occur, making it a valuable tool for early AKI de-
tection [6]. However, urinary NGAL did not demonstrate
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significant predictive value in our cohort. This discrep-
ancy may stem from the unique pathophysiology of
burn-related AKI, which includes systemic inflamma-
tion, hypovolemia, and nephrotoxic insults [10]. Addi-
tionally, the heterogeneous nature of burn injuries and
the varying degrees of severity in our cohort may have
influenced the results. Further studies with larger, more
homogeneous cohorts are needed to explore the role of
urinary NGAL in burn patients.

The high mortality rate in our cohort (45.2%) under-
scores the severity of burn injuries and the critical im-
portance of early AKI detection. AKI is a common com-
plication in burn patients, with reported incidences
ranging from 1% to 36%, depending on the population
and diagnostic criteria used [12,13]. In our study, nearly
half of the patients (48.4%) required renal replacement
therapy (RRT), highlighting the urgent need for early
identification and intervention in this population.

The association between higher SOFA and APACHE II
scores and mortality emphasizes the role of multi-organ
dysfunction in burn-related outcomes. Patients with
larger burn surface areas and increased fluid require-
ments were more likely to develop AKI and require RRT,
consistent with previous studies. Early identification of
high-risk patients using biomarkers like NGAL could fa-
cilitate timely interventions, such as optimizing fluid
management, avoiding nephrotoxic agents, and initiat-
ing RRT when indicated.

5. Limitations

This study has several limitations. Its single-center
design and small sample size limit the generalizability of
the findings. Additionally, the heterogeneous nature of
burn injuries and the inclusion of patients with varying
degrees of severity may have influenced the results. The
lack of a standardized protocol for RRT initiation and the
use of different RRT modalities (e.g., continuous vs. in-
termittent) may also have affected outcomes. Future
studies should aim to include larger, more homogeneous
cohorts and standardize RRT protocols to better evalu-
ate the predictive value of NGAL in burn patients. Fur-
ther research is needed to validate the role of NGAL in
guiding early interventions in burn patients. Studies
should explore the utility of NGAL in combination with
other biomarkers, such as cystatin C, kidney injury mol-
ecule-1 (KIM-1), and interleukin-18 (IL-18), to improve
the accuracy of AKI prediction [9, 14]. Additionally, the
impact of early interventions guided by NGAL levels on
patient outcomes, such as mortality, length of ICU stay,
and long-term renal function, should be investigated.

6. Conclusions

Serum NGAL is a promising biomarker for early AKI
detection in burn patients. Its ability to predict AKI be-
fore significant changes in serum creatinine makes it a
valuable tool for early intervention. However, urinary
NGAL did not show significant predictive value in our
cohort, likely due to the complex pathophysiology of

burn-related AKI. Further studies with larger cohorts
are needed to validate these findings and explore the
role of NGAL in guiding early interventions in burn pa-
tients.
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