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Objective: In this study, we aimed to determine whether plasma NGAL levels could be used as a
biomarker for distinguishing between AKI and CKD in emergency medicine.
Materials and methods: This prospective study was conducted at the ED of a training and research
hospital over a six-month period in 2015. Three groups were defined: an AKI group — defined as a new
onset of at least a 1.5-fold or >0.3 mg increment increase of SCr values from the normal baseline, a stable
CKD group — only included presence of stages 2 through 4 of CKD according to the National Kidney
Foundation's KDIGO 2012, and a control group. After the initial evaluation of patients, venous blood
samples were taken for routine biochemical, counter blood cell, and plasma NGAL measurement at
admission.
Results: A total of 25 patients with AKI, 22 patients with stable CKD, and 22 control subjects were
enrolled. Level of plasma NGAL in AKI group was higher than those of the stable CKD group (median:
794 ng/ml IQR: 317—1300 & 390 ng/ml IQR: 219—664, p < 0.001). AUC was measured as 0.68 (p = 0.02,
95% Cls: 0.54—0.84) to assess the utility of plasma NGAL levels at varying cut-off values for distinguishing
between AKI and CKD. For plasma NGAL, the best cut-off level was found to be 457 ng/ml (sensitivity:
72.0%, specificity: 64%).
Conclusion: This study has clearly demonstrated that plasma NGAL levels were higher in AKI patients
than in CKD patients. However, in clinical practice, the use of plasma NGAL levels to distinguish between
AKI and CKD is limited.
Copyright © 2017 The Emergency Medicine Association of Turkey. Production and hosting by Elsevier B.V.
on behalf of the Owner. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

clinical decision rules or markers for distinguishing between AKI
and CKD, especially in the emergency department (ED). Classically,

Kidney disease represents a significant health problem with
high rates of morbidity and mortality, and it accounts for a signif-
icant proportion of emergency department admissions. Although
several guidelines have been published to standardize the defini-
tions and classifications of acute kidney injury (AKI) and chronic
kidney disease (CKD), there are no reliable, applicable, and simple
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AKI is defined as increasing serum creatinine (SCr) levels based on
previous levels within hours to days, and CKD is defined as ab-
normalities of kidney structure or function present for more than
three months with significant health implications."” However,
when patients are admitted with any complaints which are not
associated uremic and present with elevated SCr in the ED, it is
often difficult to decide whether these patients are suffering from
AKI or CKD if they do not have identifying symptoms (such as
hypervolemia, hyperkalemia, severe metabolic acidosis, or uremia
symptoms) and if previous SCr levels are unavailable.

Neutrophil gelatinase-associated lipocalin (NGAL), which is a
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member of the lipocalin family of proteins, is expressed and
secreted from renal tubular cells at low concentrations. Several
studies have shown that NGAL is produced in the kidney after
ischemic or nephrotoxic injury.>~® After kidney injury, NGAL can
be detected in the plasma of patients with AKI within 2 h, and
plasma levels peak approximately 6 h after injury. These peak
levels may be sustained for as long as five days, after which they
begin to decrease.”® Therefore, we hypothesized that plasma
NGAL levels during the acute period of kidney injury are higher
than those present in chronic kidney injury. If so, we believe that
plasma NGAL levels can be useful in distinguishing between AKI
and CKD.

In this study, we aimed to determine whether plasma NGAL
levels could be used as a biomarker for distinguishing between AKI
and CKD in emergency medicine.

2. Materials and methods
2.1. Study design

This prospective cross-sectional study was conducted at the ED
of a training and research hospital over a six-month period in 2015.
The local ethics committee approved the study, and written
informed consent was obtained from all patients or from legally
authorized relatives.

2.2. Selection of patients, groups, and definitions

In this study, three groups were defined: an AKI group, a stable
CKD group, and a control group. AKI was defined as a new onset of
at least a 1.5-fold or > 0.3 mg increment increase of SCr values from
the normal baseline. For AKI groups, patients over 18 years and
under 80 years of age who were admitted to our ED and diagnosed
at the “Risk” (R), “Injury” (I), or “Failure” (F) stages of AKI were
included. According to the RIFLE classification, patients diagnosed
at the “Loss” (L) or “End” (E) stage of AKI were excluded from this
study. In addition, to minimize potential confounding factors, pa-
tients with AKI who had identifying symptoms—such as hyper-
volemia, hyperkalemia (potassium>6.8 mEq/L), severe metabolic
acidosis (pH < 7.1), SCr levels above 8 mg/dl, or uremia symptoms
with dialysis indication—were excluded from the AKI group.
Similarly, patients who had malignancy, critical illness, infectious
diseases, alterations in leukocyte count or formula, and those un-
dergoing treatment with steroids or immunosuppressants were
excluded from the study. Finally, patients who were diagnosed with
post-renal AKI were excluded.

Patients over 18 years and under 80 years of age who were
admitted to our ED with minor symptoms (such as minor trauma,
primary headache, or lumbago) and those who had known CKD
were included this study in the stable CKD group. Inclusion criteria
were as follows: presence of stages 2 through 4 of CKD according to
the National Kidney Foundation's KDIGO 2012 clinical practice
guideline classification and stable renal function. Stable CKD was
defined as the absence of any transitory or permanent 1.5-fold in-
crease in SCr levels compared to SCr levels six months prior. Pa-
tients who had SCr levels that had increased 1.5-fold from previous
levels and patients whose previous SCr levels were not available
were excluded. Finally, patients with a calculated glomerular
filtration rate (GFR) of <15 ml per minute (stage 5 CKD) were
excluded. GFR was calculated using the Modification of Diet in
Renal Disease Equation. For AKI and CKD groups, patients selected
upon consecutively during the day in a 7/24 basis.

The control group consisted of healthy age and sex matched
subjects who were admitted to our ED with minor symptoms (such
as minor trauma, primary headache, or lumbago) and those who

did not have any diseases such as malignancy, active infection,
chronic metabolic disease, or diabetes.

2.3. NGAL and other parameter measurements

After the initial evaluation of patients, venous blood samples
were taken for routine biochemical, counter blood cell, and plasma
NGAL measurement at admission. At the same time, arterial blood
samples were obtained by puncture of the radial or brachial artery
for measurements of pH, HCOs, and PCO; levels. To measure NGAL
levels, plasma samples were collected in EDTA tubes and examined
using a triage NGAL device with bedside kit (the Alere Triage Car-
dioRenal Panel, Alere, USA).

2.4. Statistical analyses

Statistical analyses were performed using SPSS 15.0 (Chicago, IL,
USA). Demographic data related to patients and control subjects
were expressed as number, percentage, median values, and inter-
quartile-range (IQR) 25%—75%. The Kolmogorov-Smirnov test was
used to assess the normal distribution of the variables. Non-
parametric parameters were analyzed using the Mann-Whitney U
and Kruskal-Wallis tests. To assess the utility of plasma NGAL levels
at varying cut-off values for the distinction between AKI and CKD, a
receiver-operating characteristic (ROC) curve was generated, and
the area under curve (AUC) was calculated. The 95% confidence
intervals (95% Cls) were also calculated whenever appropriate, and
a p-value less than 0.05 was considered statistically significant. The
sample size was estimated with G-Power for Mac OS X (version
3.1.9.2; Universitat Diisseldorf, Germany). Our goal was power to
detect a 300 ng/ml difference between AKI and CKD groups. And
also, we considered that standard deviation of value as 290 ng/ml
according to the study of Ozkan et al..° Thus, assuming a two-sided
o= 0.05, we anticipated a sample size of 18 patients for each groups
to achieve 80% power.

3. Results

During the study period, 45 patients with AKI and 49 patients
with CKD were admitted to our ED. In the AKI group, 11 patients
who had dialysis indications, severe metabolic acidosis, or
hyperkalemia, five patients who were diagnosed with post-renal
AKI, and four patients who had several critical illnesses were
excluded. In the CKD group, 12 patients whose previous SCr levels
were not available, eight patients who were diagnosed with pro-
gressive CKD (presence of a 1.5-fold increase in SCr levels
compared to SCr levels six months prior), and seven patients
diagnosed with stage 5 CKD were excluded. Finally, a total of 25
patients with AKI, 22 patients with stable CKD, and 22 control
subjects were enrolled for statistical analyses. Median age and
gender ratios (male/female) of the AKI, stable CKD, and control
groups were 68 (IQR: 57—76)-14/11, 68 (IQR: 56—76)-11/11, and 66
(IQR: 61-74)-11/11, respectively. There was no significant differ-
ence among the three groups in terms of age or gender (p = 0.97
and p = 0.89, respectively). The main baseline characteristics of
the patients are shown in Table 1.

The highest level of plasma NGAL was detected in the AKI group
(median: 794 ng/ml IQR: 317—1300) and the median level of
plasma NGAL was detected as 390 ng/ml (IQR: 219—664) in the
stable CKD group. The median level of plasma NGAL was 112 ng/ml
(IQR: 90—188) in the control group. Significant differences were
determined in terms of plasma NGAL levels among all groups
(p < 0.001).

When analyzed to assess the utility of plasma NGAL levels at
varying cut-off values to diagnose AKI, AUC was measured as 0.68
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Table 1
Baseline characteristics of the study population in AKI and stable CKD groups me-
dian (IQR 25—75%).

AKI Stable CKD P values

Gender M/F 14/11 11/11 0.89
Age-years 68 (57—76) 68 (56—76) 0.97
GFR, ml/min/1.73 m? 38 (23-56) 42 (32-57) 0.1
Creatinine, mg/dl 2.15(1.80-2.98) 2.07 (1.64-233) 0.08
BUN mg/dI 50 (40—71) 39 (31-48) 0.01
Hemoglobin, g/dl 11.5(10.5-12.8) 11.2(104-12.1) 0.4
White blood cell (10°/mm?®) 127 (10.5-15.8) 10 (8—11) <0.001
pH 7.38 (7.30—7.40) 7.38 (7.34—7.40) 0.8
HCO3, mEq/L 24 (21-27) 24 (21-26) 0.8
PCO, mmHg 42 (39-44) 40 (38—44) 0.4
Sodium, mmol/L 137 (133—140) 140 (135-141) 0.1
Potassium, mmol/L 4.6 (4.1-5.0) 4.5 (4.0-5.1) 0.8

Plasma NGAL, ng/ml 794 (317-1300) 390 (219-664)  0.02

AKI: Acute kidney injury, CKD: Chronic kidney disease, GFR: Glomerular filtration
rate.
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Fig. 1. The area under curve (AUC) of as 0.68 (95% Cls: 0.54—0.84) The best cut-off level
for NGAL for distinguishing between AKI and CKD was found as a 457 ng/ml with a
sensitivity of 72.0% and a specificity of 64%.

(p = 0.02, 95% CIs: 0.54—0.84) (Fig. 1). When was considered
plasma NGAL as 457 ng/ml, sensitivity and specificity were found as
72.0% and 64%, respectively. In order to more reliably distinguish
AKI from CKD, which means higher sensitivity, the 221 ng/ml levels
can be used with 92% sensitivity and 28% specificity. The sensitivity
and specificity values for different cut-off levels of plasma NGAL are
shown in Table 2.

Table 2
The sensitivity and specificity values for different cut-off levels of plasma NGAL.

PNGAL values (ng/mL) Sensitivity (%) Specificity (%)

181.5 96 14
221.0 92 28
262.0 84 37
3205 76 41
457.0 72 64
527.0 60 69

4. Discussion

In EDs, physicians often encounter patients who have elevated
SCr levels, but it is often difficult to determine whether this
elevation of SCr levels is related to AKI or CKD, especially when
previous SCr levels are unavailable. Several clinical approaches
have been used to distinguish between AKI and CKD in clinical
practice. Renal ultrasonography is often used to evaluate kidney
size and parenchyma echogenicity. However, although small kid-
ney size and increased renal parenchyma echogenicity suggest
CKD, normal kidney size or parenchyma echogenicity do not
exclude the possibility of CKD.!®!" Similarly, although anemia,
increased serum phosphate levels, and decreased vitamin D levels
can be encountered in CKD, the correlation is not absolute, and the
evaluation of these findings in ED is not practical or quick. Although
SCr levels progressively increasing on a daily basis often suggests
AKI, this cannot be used at the initial evaluation of patients in the
ED. Initial SCr levels are not helpful in distinguishing between AKI
and CKD'?. Similarly, when our results were reviewed, there was no
significant difference between the SCr levels of the AKI and CKD
groups. Therefore, we believe that there is a need to discover a
novel marker for distinguishing between AKI and CKD. We hy-
pothesized that if plasma NGAL increases and peaks within hours
after kidney injury, and if these levels start to decrease after the first
five days, we can use this to distinguish between AKI and CKD upon
the initial evaluation of patients with elevated SCr in the ED. When
we analyzed our results, we identified two important points: first,
as previous studies have found, the plasma NGAL levels of the AKI
and the stable CKD groups were higher than those of the control
group. Second, the plasma NGAL levels of the AKI group were
higher than those of the stable CKD group, and if this difference is
to be used to distinguish between AKI and CKD, 457 ng/ml for
plasma NGAL is the best cut-off level; it offers a sensitivity of 72.0%
and a specificity of 64%. Of course, we believe that these values of
sensitivity and specificity are not acceptable for excluding AKI in ED
practice. However, if the cut-off value is 221 ng/ml, sensitivity in-
creases to 92.0%, but the specificity value decreases to 28%. We
believe that using plasma NGAL to distinguish between AKI and
CKD should not be recommend routinely in clinical practice.
However, it varies whether the cut-off value can be used in clinical
practice from country to country, depending on cost-benefit
concerns.

Previous studies have shown that plasma NGAL levels increase
under several clinical conditions—such as after cardiac surgery,
poisoning, contrast-nephropathies, and after renal trans-
plantation—which can cause AKI>~® In addition, a recent study
conducted by Avci Cicek et al. showed that plasma NGAL levels of
patients with CKD (4.01 ng/ml) were higher than those of control
subjects (1.66 ng/mL) (p < 0.001)."* Similarly, another study con-
ducted by Bolignano et al. showed that the plasma NGAL levels of
the progressive CKD group (906.8 ng/ml) were higher than those of
the stable CKD group (420 ng/ml), and the levels of both groups
were higher than those of the control subjects (35.4 ng/ml)
(p = 0.002).* In another study, Somma et al. have reported that
blood NGAL measurements are useful in the early diagnosis of
AKL' Although several studies have been published on the asso-
ciation between plasma NGAL and AKI/CKD, studies directly
comparing patients with AKI and CKD are limited. In a study con-
ducted by Ozkan et al. on the plasma NGAL levels of patients with
acute and chronic renal failure (not only CKD), plasma NGAL levels
were found to be higher in the chronic renal failure group than in
the acute group (428.50 pg/ml and 261.50 pg/ml, respectively)
(p = 0.012).° In contrast with this result, our results have shown
that plasma NGAL levels were higher in AKI patients than in CKD
patients. We believe that this discrepancy was caused by
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differences in the selection of the study population. In contrast with
the study by Ozkan et al., patients with chronic renal failure, stage 5
CKD, and those with dialysis indications were not included in our
study.

In another study conducted Nickolas et al., patients with AKI,
prerenal azotemia, and non-progressive CKD were enrolled, and
urinary NGAL levels of these patients were analyzed. They reported
that urinary NGAL levels were higher than CKD groups. And also, to
diagnose AKI, at a cutoff value of 130 p g/g, sensitivity and speci-
ficity values of urinary NGAL were found as 90% and 99%, respec-
tively.'® Although these results are similar to our results, we did not
found high sensitivity and specificity values. We believe that this
discrepancy was caused by our strict exclusion criteria such as
patients who had clearly dialysis indications or stage 5 CKD.

In another prospective study conducted by Soto et al., patients
with AKI (n = 130), transient azotemia (n = 159), stable CKD
(n = 15), and normal kidney function (n = 312) were enrolled, and
the plasma NGAL levels of these patients were analyzed. They re-
ported that the median levels of plasma NGAL (which were
measured at admission and after 6 h) in stable CKD patients were
not significantly different from those of all patients with AKI.
However, patients with higher grades of AKI (AKIN>2) had signif-
icantly higher plasma NGAL levels than stable CKD patients.'” The
authors have stated that their study involved a small number of
patients with stable CKD as a limitation. Probably because of this
limitation, they did not perform ROC analysis. In contrast to the
results of previous studies, in our study, the median levels of
plasma NGAL in AKI patients were higher than those of stable CKD
patients. Finally, we believe that the strengths of our study include
the following: the AKI and CKD patients in our study were well
classified and standardized, and our study also involved a larger
cohort population than previous studies directly comparing pa-
tients with AKI and CKD.

5. Conclusion

We believe that this study has clearly demonstrated that plasma
NGAL levels were higher in AKI patients than in CKD patients.
However, in clinical practice, the use of plasma NGAL levels to
distinguish between AKI and CKD is limited because of low sensi-
tivity and specificity values of NGAL.

6. Limitations

This study had some limitations. First, in this study, we did not
include all AKI and CKD patients to minimize potential confounding
factors. For AKI groups, patients who had clearly dialysis in-
dications did not included. Similarly, for CKD group, patients who
had known CKD with stage 1 and 5 did not included. If we included
all AKI and CKD patients, we might find higher sensitivity and
specificity values of NGAL. Second, this study include the fact that it
involved a relatively small cohort of patients and that it is a single-
center study. Therefore, we believe that there is need for further

studies involving a larger cohort population.
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