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Introduction: Elevated plasma levels of neutrophil gelatinase-associated lipocalin (NGAL) is a marker of
tubular damage and aid in the early identification of acute kidney injury (AKI). We evaluated NGAL levels
for identification of AKI superimposed on chronic kidney disease (CKD) vs. “de novo” AKI among ST ele-
vation myocardial infarction (STEMI) patients undergoing primary coronary intervention (PCI).

Methods: 217 STEMI patients treated with PCI were prospectively included, 34 (16%) had baseline CKD.
Plasma NGAL levels were drawn 24 h following PCI. Receiver-operator characteristic (ROC) methods were

ﬁ?ﬁords; used to identify optimal sensitivity and specificity for the observed NGAL range in AKI patients with and
AKI without CKD.
STEMI Results: Overall AKI incidence was 13%. NGAL levels were significantly higher for patients with AKI com-

PCl pared to no-AK], irrespective of CKD. Different optimal cutoff value for NGAL to predict AKI were found
for patients with CKD (133 ng/ml, sensitivity of 73% and specificity of 75%; AUC: 0.837, p < 0.001) and for
non-CKD (104 ng/ml with sensitivity of 79% and specificity of 82%; AUC: 0.844, p < 0.001). In a multivari-
ate logistic regression model, NGAL levels were independently associated with AKI in patients with and
without CKD (HR 1.04, 95% CI: 1.01-1.08; p = 0.024; and HR 1.03, 95% CI: 1.01-1.04; p = 0.001), respec-
tively.

Conclusions: Elevated plasma NGAL levels identify patients who are at high-risk to develop AKI following
primary PCIL. Determining different cutoff values of plasma NGAL for de novo AKI and AKI superimposed

on CKD may be necessary for accurate AKI diagnosis and risk stratification.
© 2020 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Deterioration of renal function resulting in acute kidney injury
(AKI) is a significant complication associated with adverse out-
comes in patients with ST-segment elevation myocardial infarc-
tion (STEMI) undergoing primary percutaneous coronary
intervention (PCI) [1,2]. Neutrophil gelatinase-associated lipocalin
(NGAL) is a glycoprotein stored in granules of mature neutrophils
and is found to be released by renal tubular cells following acute
tubular damage. Laboratory measurements can detect NGAL
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elevation within a few hours following tubular insult and were
found to predict acute kidney injury (AKI) earlier, when compared
to serum creatinine (sCr), in various patient populations including
cardiac surgery, contrast administration and septic shock [3-9].
Recent studies have also reported altered NGAL levels in patients
with baseline chronic kidney disease (CKD) [10-12], suggesting
the possibility that NGAL production from tubular cells may also
reflect the entity of active renal damage that underlies the
chronic impairment condition.

To the best of our knowledge, no study to date has investigated
the utility of plasma NGAL assessment to predict the incidence of
AKI following primary PCI in patients suffering from chronic renal
failure. Accordingly, we aimed to assess the possible predictive
ability of plasma NGAL levels to identify acute deteriorations in
renal function following primary PCI in STEMI patients with preex-
isting renal failure.

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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2. Methods
2.1. Patients

In this prospective, observational, open label, single-center trial,
we enrolled consecutive STEMI patients admitted to the Cardiac
Intensive Care Unit (CICU) following primary PCI, between Decem-
ber 2017 and March 2020. The presence of CKD was based on past
laboratory data and medical records, available for all included
patients. Based on the availability of NGAL kits, the study popula-
tion consisted of 217 STEMI patients undergoing primary PCI.
STEMI diagnoses were established by a typical history of chest
pain, diagnostic electrocardiographic changes and serial elevations
of cardiac biomarkers in patient serums, consisting with current
guidelines [13]. Critically ill patients were defined as mechanically
ventilated or need for ionotropes/intra-aortic balloon counterpul-
sation insertion. Primary PCI was performed for patients present-
ing within 12 h following symptom onset and for patients
presenting within 12-24 h from ischemic symptom onset who
remained symptomatic upon hospital admission. lodixanol was
used as a contrast agent (Visipaque, GE healthcare, Ireland) in all.
Normal saline (0.9%) was administered intravenously at a rate of
1 ml/kg/h for 12 h following exposure to contrast material
although for patients with overt heart failure, the hydration rate
was reduced at the physician’s discretion. All patients underwent
echocardiography to assess left ventricular function within 3 days
of admission. The study protocol was approved by the local institu-
tional ethics committee (institutional Board Review number TLCV-
16-224).

2.2. Laboratory

Serum NGAL levels of venous blood were collected from all
patients 24 h following admission to the CICU. Samples were cen-
trifuged within 10 min using a cooled centrifuge, and plasma and
serum were stored at -20 °C. NGAL levels were analyzed using
NGAL rapid turbidimetric immunoassay (Bioporto Diagnostics,
Copenhagen, Denmark).

The same venous blood samples were also used for sCr and high
sensitivity C-reactive protein (CRP) level measurements, which
were also tested repeatedly on a daily basis throughout hospital-
ization for all patients. CRP levels were analyzed quantitatively
using the Bayer wide-range assay. Estimated glomerular filtration
rate (eGFR) was estimated using the Chronic Kidney Disease Epi-
demiology Collaboration (CKD-EPI) equation [14]. CKD was defined
by an eGFR < 60 ml/min/1.73 m? based on past laboratory reports.
AKI was defined using the KDIGO criteria: A. Increase in serum cre-
atinine by 0.3 mg/dL or more within 48 h. B. Increase in serum cre-
atinine above 1.5 times baseline within 7 days [15].

2.3. Statistics

Categorical variables were expressed as frequencies and per-
centages. Distribution of continuous variables was assessed using
histogram and quantile-quantile plots. Normally distributed con-
tinuous variables were described using mean and standard devia-
tions (SD) and non-normally distributed variables using median
and interquartile range (IQR). Chi square test was used to evaluate
association between categorical variables. Continuous variables
were compared using the independent sample t-test and the
Mann-Whitney U test. Multivariate binary regression model was
used to assess the association between plasma NGAL levels and
the risk for AKI and to control for potential confounders. Initially,
univariate regression was employed and variables with a p
value < 0.1 were then included in the multivariate binary logistic
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regression model. Receiver operator characteristic (ROC) curve
analysis was performed to identify the optimal cutoff point of
plasma NGAL levels (at which sensitivity and specificity would
be maximal) for the prediction of AKI using the Youden index. Area
under the curve (AUC) was calculated as measure of the accuracy
of the tests. A two-tailed p value < 0.05 was considered significant
for all analyses. All analyses were performed using the IBM SPSS
25.0 software (SPSS Inc., Chicago, IL version 25).

3. Results

Patients presenting with STEMI and treated with primary PCI,
(mean age 64 + 13, 82% men), 34 (16%) had baseline CKD. A total
of 29 patients (13%) developed AKI during hospitalization. Median
time to AKI diagnosis based on sCr criteria was 36 h. Compared to
patients with no CKD, patients with CKD had a significantly higher
rate of AKI (44% vs 8% respectively; p < 0.001). Baseline character-
istics for patients with vs. without CKD according to AKI occur-
rence are presented in table 1.

3.1. NGAL, CKD and AKI

Table 2 presents key laboratory findings according to the pres-
ence of baseline CKD and the occurrence of AKI. Fig. 1 demon-
strates NGAL levels stratified by presence/absence of baseline
CKD and the development of AKI. Patients who developed AKI
demonstrated significantly higher plasma NGAL levels, both
among patients without (82 + 34 ng/ml vs 140 + 80 ng/ml respec-
tively; p = 0.001) and with CKD (104 + 37 ng/ml vs 194 + 93 ng/ml;
p < 0.001).

Following multivariable logistic regression plasma NGAL was
found to be independently associated with increased risk for AKI
both for patients without (HR 1.03, 95% CI: 1.01-1.05; p = 0.01)
and with CKD (HR 1.04, 95% CI: 1.01-1.08; p = 0.02). Hazard ratios
with their corresponding 95% confidence intervals of the univariate
and multivariate binary logistic regression for the development of
AKI in patients with and without CKD are summarized in Table 3.

According to ROC curve analysis, the optimal cutoff value to
predict AKI for patients without CKD was 105 ng/ml with sensitiv-
ity of 79% and specificity of 82% (AUC: 0.844, p < 0.001), whereas
the optimal cutoff value for Patients with CKD was 133 ng/ml with
sensitivity of 73% and specificity of 75% (AUC: 0.837, p < 0.001)
(Fig. 2).

4. Discussion

We demonstrated for the first time that for STEMI patients,
NGAL levels following primary PCI were independently associated
both with de novo AKI and AKI superimposed on CKD.

AKI following PCI for STEMI patients is common, and even min-
ute increases in sCr are associated with prolonged hospitalizations
and unfavorable in-hospital and long-term outcomes [1,2,16,17].
The presence of CKD is also well established as a predictor of death
and complications in the context of myocardial infarction [18,19],
as these patients are often older and have many comorbidities. Fur-
thermore, CKD is significantly associated with AKI occurrence fol-
lowing primary PCI [16,17]. In these particularly vulnerable
patients, early detection of possible acute renal damage is there-
fore important.

Consensus criteria define deterioration of kidney function pri-
marily by sCr elevation [15]. However, normal kidney function is
usually characterized by a redundant

capacity, such that as much as 50% of functional kidney mass
can be impaired without sCr elevation [20]. Another limitation of
sCr use as a biomarker of AKI is that creatinine half-life increases
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Table 1
Baseline characteristics of 217 STEMI patients based on presence/absence of CKD and AKI.

All patients no CKD CKD

N=217 no AKI (n=169) AKI (n=14) p no AKI (n=19) AKI (n=15) p
Age, years, mean = SD 64 +13 61 +12 66 +9 0.119 80+ 10 8010 0.694
Male, n (%) 178 (82%) 141 (83%) 11 (79%) 0.714 14 (74%) 12 (80%) 1
Diabetes mellitus, n (%) 65 (30%) 9 (29%) 3 (22%) 0.76 6 (32%) 7 (47%) 0.484
Hyperlipidemia, n (%) 129 (59%) 5 (56%) 8 (57%) 1 15 (79%) 11 (73%) 1
Family history of IHD, n (%) 41 (19%) (21/) 2 (14%) 0.739 2 (10%) 2 (13%) 1
Smoking, n (%) 99 (45%) 5 (50%) 6 (43%) 0.782 6 (32%) 2 (13%) 0.257
Hypertension, n (%) 116 (53%) 9 (46%) 12 (86%) 0.005 13 (68%) 12 (80%) 0.697
Past MI, n (%) 47 (22%) 1(18%) 4 (29%) 0.31 7 (37%) 5 (33%) 1
CAD severity 0.342 0.725
1 vessel, n (%) 84 (38%) 67 (39%) 3 (21%) 9 (47%) 5 (33%)
2 vessel, n (%) 61 (28%) 53 (31%) 4 (29%) 3 (16%) 1(7%)
3 vessel, n (%) 68 (32%) 28 (30%) 7 (50%) 6 (33%) 9 (60%)
Baseline serum creatinine (mg/dl), mean + SD 0.94 +1.31 0.87 +£1.21 1.25+1.25 <0.001 117 £ 1.23 137 +1.21 <0.001
Peak serum creatinine (mg/dl), mean + SD 0.96 + 1.32 0.88 +1.23 136 £1.13 <0.001 1.22 £1.24 155+ 1.16 <0.001
Left ventricular EF, %, mean + SD 45+9 46 + 8 43. + 11 0.35 45+9 3610 0.017
Critically ill patients, n (%) 10 (5%) 4(2%) 2 (14%) 0.068 1(5%) 3 (20%) 0.299

CKD- Chronic kidney disease; AKI-acute kidney injury; IHD-Ischemic heart disease; MI-myocardial infarction, CAD-coronary artery disease; EF-ejection fraction; CRP-C -

reactive protein; WBC- white blood cells.

Table 2
Laboratory at presentation of 217 STEMI patients based on presence/absence of CKD and AKI.
no CKD CKD
no AKI AKI P no AKI AKI P
NGAL (ng/ml), mean + SD 81+34 139+ 79 0.001 104 + 37 194 +93 <0.001
peak CRP (mg/l) mean + SD 38 + 50 92 + 88 0.008 49 + 53 108 + 76 0.012
Peak Troponin (x10%) (ng/ml), median (IQR) 25 (12-76) 74 (11-277) 0.113 44 (14-60) 200 (135-309) <0.001
Hemoglobin (g/dl), mean + SD 146 £ 1.5 139+18 0.145 13.2+1.6 13.2+1.6 0.99
WBC (1000/}L), mean * SD 11.2+3.8 114 +34 0.84 9.8 £3.5 13141 0.02

CKD- Chronic kidney disease; AKI-acute kidney injury CRP-C -reactive protein; WBC- white blood cells.

Mean NGAL plasma levels stratified by CKD and AKI
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Fig. 1. Serum NGAL levels stratified by presence/absence of CKD and AKI. Among
patients without CKD, NGAL levels were higher in those with vs. without AKI
Similarly, NGAL levels among patients developing AKI superimposed on CKD were
higher compared to CKD patients without AKI.

as GFR decreases, resulting in a late (24-36 h) rise in sCr levels fol-
lowing an initial injury [21]. In addition, sCr levels alter with age,
gender and body mass index [14]. The above limitations of sCr
potentially cause delayed identification of patients who will ulti-
mately develop AKI. In view of these limitations, a biomarker for
earlier identification of acute tubular damage could be clinically
beneficial. NGAL ,a 25-kDa protein covalently bound to gelatinase
proteins in human neutrophils, was reported as an early marker
of kidney tubular injury in various patient populations, and hence
was nicknamed “kidney troponin” [6-12].

In the present cohort 14% of patients developed AKI at a median
time of 36 h following admission. When we classified the patients
into four groups using AKI and pre-existing CKD, we demonstrated

an elevated NGAL levels in patients with CKD(+)/AKI(—) compared
to CKD(—)/AKI(—) as well as CKD(+)/AKI(+) compared to CKD(-)/
AKI(+). While plasma NGAL levels were independently associated
with AKI both in patients with and without CKD, we identified dif-
ferent cutoff values of plasma NGAL for diagnosis of de novo AKI
and AKI superimposed on CKD. It appears thus, that plasma NGAL
levels should be interpreted based on the existence of CKD.

In the present cohort CKD(+)/AKI(+) demonstrated highest tro-
ponin levels. While this may reflect the decreased left ventricular
systolic function, which was lowest in this patient group, elevated
levels may also reflect impairment of troponin clearance as major
portion of this biomarker is removed from the circulation by the
kidney.

As AKI treatment is rather limited, the focus of management
should lie in its prevention, Measurement of plasma NGAL levels
can assist in stratification of those at high risk for further deterio-
ration, as nearly 50% of patients with CKD demonstrated acute on
chronic renal impairment. This type of patient profile is increas-
ingly frequent among STEMI population, and for these high-risk
patients early diagnosis, and corresponding early initiation of
appropriate treatment, could help limiting renal damage and
reduce mortality. This include optimizing cardiac output and renal
perfusion, maintaining neutral fluid balance with diuretics applica-
tion if necessary and avoiding or deferring the use of drugs that
may be potentially

nephrotoxic, such as nonsteroidal anti-inflammatory drugs,
angiotensin-converting enzyme inhibitors/ angiotensin-II receptor
blockers.

In the current cohort patients developing AKI demonstrated
higher CRP and leukocyte levels, with highest levels among CKD
(+)/AKI(+) patients. Elevated CRP levels, reflecting inflammatory
response to ischemic damage was also shown to be associated with



A. Banai, Keren-Lee Rozenfeld, D. Levit et al.

Table 3

Univariate and multivariate Binary regression for AKI in patients with and without CKD.

CKD

No CKD

Multivariate

Univariate

Multivariate

Univariate

95% confidence
interval

95% confidence 95% confidence
interval

interval

95% confidence

interval

Upper P

Lower
limit

P HR

Upper
limit

Lower
limit

0.986 0.919

P

Upper
limit

Lower
limit

P HR

Upper
limit

Lower

limit
1.038 0.990
1326 0.348

HR

limit

0.684
0.667

1.057
3.558
7.701

Age

0.121

1.089
5.052

Age

0.700 0.138

Gender

0.679

Gender

0.371

1.896 0.467

0.733 0.150

Diabetes mellitus
Hyperlipidemia

0.180 2.519 0.557
0.350

0.673

Diabetes mellitus
Hyperlipidemia

0.702
0.801

3.594
10.559

0.927

3.165
3.006

1.053

1308 0.162

Family history of ischemic

heart disease

Smoker
0.013 Hypertension

0.574

0.643 0.137

Family history of ischemic

heart disease

Smoker

0.225

1.968
9.077

0.333 0.056
1.846 0.376
0.857 0.207
1.125 0.590

0.905

0.608
0.013

2.254
31.822
6.094
3.660
1.016

0.750 0.250

6.911

0.451

353.242

1.995

26.545

1.501

Hypertension

0.832

3.552
2.147
0.989

Past myocardial infarction
Coronary artery disease

0.349
0.081

1.794 0.528
1.843 0.928
0.957 0.902

Past myocardial infarction
Coronary artery disease

0.721

0.155

3.962

0.804

1.784

0.028 0.883 0.777 1.002 0.055

0.829

Left ventricular ejection

fraction
0.020 Critically ill patient

0.150

Left ventricular ejection

fraction
Critically ill patient

Plasma NGAL

48.531 0.215

1.060

4500 0.417
1.033

1422.879
1.041

1.879
1.011

1.148 41.662 0.035 51.703
1.032 0.001

1.009

6.917

1.080 0.024

1.042 1.006

0.012

1.007

Plasma NGAL

0.001

1.026

1.021
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ROC curve of NGAL plasma levels for AKl in patients with
and without CKD
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Fig. 2. ROC curve analysis to determine the optimal cutoff value to predict AKI. The
optimal cutoffs value to predict AKI were 105 ng/ml and 133 ng/ml for patients
without and with CKD, respectively.

higher risk for AKI [22,23]. It is possible thus, that elevated NGAL
may reflect combined tubular injury and inflammatory response
incited by the infarction. A recent trial demonstrated that early
administration of statins significantly reduced the incidence of
contrast nephropathy [24,25]. As statins are known to have pleio-
tropic and anti-inflammatory effects independent of their lipid-
lowering function [25], early administration of high-dose, high-
potency statins may blunt the acute inflammatory response eli-
cited by the occurrence of STEMI as indicated in published guide-
lines [15].

Our study has notable limitations. This is a single center study
with a modest sample size. No information was present on the rea-
son for CKD. The small number of patients with CKD might be
insufficient to determine the reliability and generalizability of
plasma NGAL within this patient group. In addition, our study is
based on measurements of plasma NGAL. The addition of urinary
NGAL measurements to the analysis would have strengthened
our conclusions. In patients with chronic renal insufficiency, uri-
nary NGAL have did not appear to have any predictive value for
the identification of those who will go on to develop AKI [26,27].
Based on this data, it would seem that in patients with chronic
renal failure, plasma NGAL may be a better marker of AKI than uri-
nary NGAL. As NGAL may derive from neutrophils and may reflect
inflammatory disease state rather than renal damage, measure-
ment of more specific renal biomarkers (e,g kidney injury molecule
1), would be more specific for tubular damage. Utilization of nor-
mal saline may increase the risk of AKI due to it’s large chloride
concentration.

Finally, AKI diagnosis based on serum creatinine might under-
estimate renal injury. The 10th Consensus Conference of the Acute
Dialysis Quality Initiative (ADQI) reported a combination of kidney
functional (serum creatinine) and damage markers (new biomark-
ers including NGAL) to stratify patients with AKI [28]. Subclinical
AKI can be diagnosed only using damage markers, such as NGAL,
even when no change in serum creatinine is observed (structural
AKI). Indeed, among STEMI patients, increased NGAL with no sCr
elevation (NGAL-positive/sCr negative) was associated with
adverse clinical outcomes [29,30].

Additional evaluation must be undertaken to clarify the role of
plasma NGAL for detecting structural AKI that would be diagnosed
independently from sCr values, and further investigations are
needed before firm conclusions about clinical and financial impli-
cations of NGAL measurements can be drawn.



A. Banai, Keren-Lee Rozenfeld, D. Levit et al.
5. Conclusion

Elevated NGAL levels may identify high-risk population for AKI.
Determining different cutoff values of postoperative plasma NGAL
for de novo AKI and AKI superimposed on CKD is necessary for
accurate AKI diagnosis. Further investigation is necessary to con-
firm these findings because the small number of patients.
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