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Abstract

Background and Aims: The diagnosis of acute kidney injury (AKI) is of importance
among patients with ST segment elevation (STEMI) undergoing primary coronary
intervention (PCI). It is often delayed given the need in serial measurements of
creatinine or other serum markers. Neutrophil gelatinase-associated lipocalin (NGAL)
is a proven marker for AKI, although its role as an early predictor in this setting was
scarcely addressed before and was the aim of our study.

Methods: Prospective observational study including 133 patients with STEMI
treated with PCI. Plasma NGAL was drawn immediately before PClI (NGAL-0) and
24 h after (NGAL-24). Similar analysis of C-reactive protein (CRP) was performed for
additional comparison.

Results: Mean age was 62 + 13 years, 78% were men, and 20 (15%) developed AKI
after admission. Patients with AKI after admission demonstrated higher levels of
NGAL-0 (164 vs. 95 ng/mL; p < 0.001) and NGAL-24 (142 vs. 93 ng/mL; p < 0.001).
Levels of NGAL-O and NGAL-24 were similar within the AKI and non-AKI groups.
Using ROC curve analysis, NGAL-0 had best predictive ability for AKI development
(AUC 0.841, 95% Cl 0.80-0.96), compared with NGAL-24 (0.783, 95% ClI
0.74-0.85), CRP-0 (0.701, 95% Cl 0.58-0.83), and CRP-24 (0.781, 95% ClI
0.66-0.90). The optimal NGAL-0 cutoff for AKI prediction was 125 ng/mL, with
70% sensitivity, 84% specificity, and 94% negative predictive value.

Conclusions: Among STEMI patients, NGAL measurement upon admission are
associated with AKI and may serve as a reliable marker for early AKI detection.
Future studies may direct risk stratification using this single test can direct
personalized evaluations during the admission, and focused interventions to

prevent AKI.
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1 | BACKGROUND

Acute kidney injury (AKI) is well-known complication in patients with
acute coronary syndrome (ACS).}? Contrast-induced nephropathy is
considered a major determinant of AKI, and while it mainly relates to
the amount of contrast material and to preprocedural renal

function,*™3

recent data points to more complex underlining
mechanisms involving cardio-renal interactions.*~¢ Although current
recommendations suggest serum creatinine (sCr) as the gold standard
for AKI detection, increased levels are known to be delayed following
renal injurious event such as contrast media-induced injury.””?
Neutrophil gelatinase-associated lipocalin (NGAL) is a 25 kDa protein
produced by various cell types. NGAL is released in response to
cellular stress and inflammation, particularly by renal tubular
epithelial cells, following acute tubular damage. NGAL levels can
aid in the early detection of AKl in different clinical settings, including
contrast induced AKI (CI-AKI) (12-21). Currently, there is only limited
data on the optimal timing for NGAL testing, its optimal cut-off
values, and its utilization for ruling out AKI. In the present research,
we analyzed the predictive ability of early baseline NGAL compared
to a 24-h NGAL test and another commonly used marker (c-reactive
protein). By doing so, we aimed to investigate the diagnostic
usefulness of NGAL, measured at separate time points, for the
prediction of renal injury among STEMI patients. We hypothesized
based on previous data, that if proven effective, a baseline NGAL test
could help in risk-stratification of patients and lead to better AKI

prevention, follow-up, and lowered costs.

2 | METHODS

2.1 | Patients

A prospective, open-label, observational trial was performed in the
Tel Aviv Sourasky Medical Center. We included patients with STEMI
admitted to our intensive care unit. All patients underwent primary
PCl and were admitted between 2019 and 2021. The diagnosis of
STEMI was based on typical history of chest pain, diagnostic
electrocardiographic (ECG) changes, and persistent elevation of
serum cardiac biomarkers.*° Patients with chronic inflammation were
excluded as NGAL levels in this subset of patients can be attributed
to their baseline condition. These conditions included diagnosed
chronic inflammation or malignancy (n = 19). In addition, patients with
advanced, endstage renal disease were also excluded (n=4). No
patients were lost to follow-up. The final study cohort was comprised
of 133 patients. Patients with onset of symptoms <12 h underwent
primary PCl as well as patients with symptoms lasting 12-24 h that
presented with ongoing pain upon admission. The contrast medium
used in procedures was iodixanol (Visipaque, GE healthcare, Ireland).
All patients were intended to receive post-procedural hydration with
0.9% normal (physiologic) saline at a rate of 1 mL/kg/h for 12 h yet
physician discretion was used to modify this rate in any event of

overt heart failure.

2.2 | Laboratory evaluation

We collected blood samples for NGAL measurement in two separate
occasions. First, upon admission and before any intervention or
contrast exposure (NGAL-0), and second within 24h and after
planned intervention (NGAL-24). Samples were drawn in EDTA
collection tubes and centrifuged within 10 min. Plasma was stored at
-80°C until analysis. NGAL levels were measured using a turbidimet-
ric immunoassay (Bioporto Diagnostics) on a Cobas 502 clinical
chemistry analyzer (Roche).

Serial measurements of serum creatinine were taken during each
patient hospitalization and at least once every day. The estimated
glomerular filtration rate (eGFR) was calculated using the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI) equation.*?
Chronic kidney disease (CKD) was categorized as admission eGFR of
<60 mL/min/1.73 m?. AKI was the study's main outcome and was
determined using the KDIGO criteria?—an increase of more than
0.3 mg/dL in serum creatinine within 48 h or an elevation 21.5 times
from baseline values that is presumed to occur within 7 days.

Blood samples for determination of high-sensitive c-reactive
protein (CRP) were drawn in all patients upon admission to
the emergency department or at the catheterization laboratory,
before primary PCl (CRP-0). A second sample of high-sensitive CRP
(CRP-24) was drawn following primary PCI, within 12-24 h from
CICU admission (mean 16 4 h).

2.3 | Statistics

Patients were stratified according to presence of AKI. All data is
summarized and displayed as mean with standard deviation or
median with IQR for continuous variables and as number
(percentage) of patients in each group for categorical variables.
To compare patients with and without AKI, independent sample
t-test or Mann-Whitney U test were used for continuous
variables, and Fisher's exact test for categorical variables.
Receiver operator characteristic (ROC) curve analysis was
performed to identify the optimal cutoff point of NGAL-O and
NGAL-24 (at which sensitivity and specificity would be maximal)
for the prediction of AKI. Areas under the curve (AUC) were
calculated as measures of the accuracy of the tests. Multivariate
logistic regression analysis was used to assess NGAL as an
independent predictor for AKI, and included baseline character-
istics with significant associations with AKI. A two-tailed p value
of <0.05 was defined as significant for all analyses. All analyses
were performed with the SPSS 20.0 software (SPSS Inc.).

3 | RESULTS

One-hundred and thirty-three STEMI patients were included in the
final analysis (mean age was 62 with 13 years SD, 78% of them were
men), 20 of whom (15%) developed AKI. The median time for AKI
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TABLE 1
Variable Total
Age, years (mean + SD) 65+12
Female sex, n (%) 23 (17)
Hyperlipidemia, n (%) 73 (55)
Hypertension, n (%) 71 (53)
Diabetes, n (%) 38 (29)
Smoker, n (%) 66 (50)
Chronic kidney disease, n (%) 26 (19)
Past myocardial infarction, n (%) 31 (23)
Left ventricle EF (mean £ SD) 46+8
Baseline creatinine 0.86
(0.72-1.00)
24-h Creatinine 0.91
(0.79-1.04)

Abbreviations: EF, ejection fraction; SD, standard deviation.

TABLE 2 Neutrophil gelatinase-associated lipocalin (NGAL) and
C-reactive protein (CRP) values between patients with and without
acute kidney injury (AKI).

Variable No AKIn=113 AKIn=20 p
NGAL-0, ng/mL 95 (73,116) 148 (117,202) <0.001
(median, IQR)

NGAL-24, ng/mL 90 (72,107) 147 (98,195) <0.001
(median, IQR)

CRP-0, mg/dL 5(2,10) 16 (5,28) 0.004
(median, IQR)

CRP-24, mg/dL 20 (9,47) 110 (32,151) <0.001

(median, IQR)

diagnosis, based on sCr changes was 36 h following admission (IQR
24-48h). Baseline characteristics are presented in Table 1 for
patients with and without AKI. Patients developing AKI tended to
be older, had higher rates of hypertension, and lower baseline eGFR
or left-ventricular ejection fraction. Most importantly, the presence
of baseline CKD was prominent, with 70% of patients developing AKI
having baseline CKD compared with only 11% in those without CKD.
Median (IQR) baseline creatinine in the study cohort was 0.86
(0.72-1.00) and at 24-h 0.91 (0.79-1.04).

Laboratory analysis is presented in Table 2. Patients with AKI were
found to have higher plasma NGAL levels on admission (median NGAL-O
148 ng/mL [117-202] vs. 95ng/mL [73-116]; p<0.001) and at 24h
(median NGAL-24 147 ng/mL [98-195] vs. 90ng/mL [72-107];
p <0.001) as well as higher median CRP-0 and CRP-24 levels.

There were no significant changes between NGAL-O and NGAL-24
within the two groups (Figure 1A), while there were significant changes in
levels of CRP-0 and CRP-24 within the two groups (Figure 1B).
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Baseline variables of the study cohort and comparison between patients with and without acute kidney injury (AKI).

No AKI n=113 AKI n=20 P
64+13 719 0.02
19 (17) 4 (20) 0.73
61 (54) 12 (60) 0.62
53 (47) 18 (90) <0.001
32 (28) 6 (30) 0.88
59 (52) 7 (35) 0.16
12 (11) 14 (70) <0.001
27 (24) 4 (20) 0.71
47+8 43+8 0.08
0.82 1.15 <0.001
(0.69-0.97) (0.94-1.41)

0.87 1.48 <0.001
(0.77-0.98) (1.14-1.67)

According to the ROC curve analysis (Figure 2), the optimal NGAL-O
level for AKI prediction was >125ng/mL (AUC 0.841, 95% CI
0.801-0.961, p <0.001), with a sensitivity of 70%, specificity of 84%,
and negative predictive value (NPV) of 94%. The optimal NGAL-24 level
for prediction was >140ng/mL (AUC 0.783, 95% Cl 0.741-0.846,
p<0.001). NGAL-24 cutoff of 140ng/mL had 65% sensitivity, 91%
specificity, and NPV of 91% for AKI. The AUC for AKI prediction by CRP-
0 was 0.701 (95% ClI 0.576-0.830) and by CRP-24 was 0.781 (95% Cl
0.658-0.895).

Next, we wanted to analyze NGAL-O as an independent
predictor for AKI devolvement. Baseline characteristics that were
found associated with AKI in univariate analysis (Table 1) were
older age (mean age 71 vs. 64 years, p = 0.02), hypertension (90%
vs. 47%. p<0.001), and CKD (70% vs. 11%, p<0.001). In a
multivariate analysis accounting for these baseline characteristics
(Table 3), NGAL-0 levels remained an independent predictor for
AKI development (adjusted OR for each increase of 1ng/mL
-1.04, 95% Cl 1.02-1.06, p <0.001). Additional independent
predictors for AKlI were CKD (AOR 18.3, 95% Cl 3.6-91,
p <0.001) and hypertension (AOR 19.9, 95% ClI 2.3-170,
p=0.007).

To validate our results and address the association of AKI
with older age, we divided the cohort based on age above or
equal/less than 65 years (cohort's mean age) and performed a
similar ROC analysis as described above. Fifteen (24%) subjects
had AKIl among those older than 65, while 5 (7%) had AKI in
among the rest. In subjects older than 65 years, NGAL-0 had the
largest ROC-AUC for AKI prediction (Supporting Information S1:
Figure S1, AUC 0.864, 95% CI 0.746-0.982). As shown in
Supporting Information S1: Figure S2, in subjects aged 65 or
younger, NGAL-0 had the only significant AUC-ROC (0.775, 95%
Cl 0.568-0.982, p = 0.04).
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FIGURE 1 Comparison of neutrophil gelatinase-associated lipocalin (NGAL) levels in 0 and 24-h for patients with and without acute kidney
injury (AKI). (A) Comparison of CRP levels patients with and without AKI divided for O and 24-h levels (B).

4 | DISCUSSION primary PCI may be utilized to predict the risk of AKI. We found high

baseline NGAL levels measured before contrast media exposure. This
In this study, we aimed to evaluate the predictive ability of baseline finding suggests that there hemodynamic compromise plays an
NGAL for the occurrence of AKI, compared with follow-up NGAL important role in STEMI patients by provoking renal function
measurement and similar serial CRP tests. We demonstrated several deterioration highlighting the complexity of cardio-renal interactions.
important findings: First, among STEMI patients, NGAL levels before Second, NGAL levels at admission may serve as a reliable marker for
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FIGURE 2 Receiver operating curve (ROC) for the prediction of acute kidney injury (AKI) using different biomarkers.

TABLE 3 Univariate and multivariate analysis of predictors for
post-admission acute kidney injury.
Univariate Multivariate
OR Adjusted OR
Variable (95% Cl) p (95% CI) p
Age 1.05(1.01-1.09) 0.02 1.01(0.94-1.08) 0.84
Hypertension 10.2 (2.3-46) <0.001 19.9 (2.3-170) 0.007
CKD 19.7 (6.4-61) <0.001 18.3 (3.6-91) <0.001
NGAL-0 1.04 (1.02-1.05) <0.001 1.04(1.02-1.06) <0.001

Abbreviations: Cl, confidence interval; CKD, chronic kidney disease;
NGAL, neutrophil gelatinase-associated lipocalin; OR, odds ratio.

ruling out AKI having a NPV of 94% for NGAL-O levels <120 ng/mL.
Multivariate regression suggests an independent association between
NGAL and AKI.

Previous reports showed an association between Elevated NGAL
and adverse renal outcomes.*3~22 In many of these reports, however,
NGAL levels were determined at a single point, and as such the

dynamics of NGAL before and following PCl could have not been
assessed. A recent report suggested that NGAL can also be a marker
for inflammation in STEMI patients with normal renal function yet
elevated plasma NGAL. However, when eGFR is reduced (e.g., in
CKD patients), plasma NGAL is more reflective for renal function.?®
This cohort included patients with chronic renal impairment and
severe hemodynamic instability manifested as cardiogenic shock,
both are known to be associated with increased NGAL expression
due to chronic renal damage’ or acute inflammatory response,*® in
this cases NGAL levels may not truly reflect acute tubular damage.
Traditionally, contrast-induced nephropathy is considered to play
a risk factor in the development of AKI following PCL.1~3 However,
recent reports suggest that AKI in STEMI patients can be attributed
to a complex and multifactorial pathway in which contrast media
exposure has only a small role.*¢ In the present cohort, while both
NGAL-O and NGAL-24 were significantly higher among patients
having AKI, we detected no significant change between NGAL-0 and
NGAL-24 within the two groups. Furthermore, NGAL-O performed
better both for the prediction of AKI as well a ruling out AKI

occurrence.
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We previously demonstrated that elevated NGAL levels before
primary PCl suggesting renal tubular damage are common among STEMI
patients. This finding may be attributed to hemodynamic changes in the
acute stage of STEMI, related to the sudden decrease in left ventricular
ejection fraction and cardiac output. The lack of change between the
sequential measurements may suggest unique pathway of NGAL in
myocardial infarction, possibly representing both acute inflammatory and
early renal injury with a shift of the dominant element between two
exams. Indeed, we observed a significant rise in peak CRP levels in
patients with AKI, pointing to the possible strong element of inflammation
in these patients.

Lindberg et al. were the first to describe an interaction between
NGAL and CRP, especially in STEMI patients, their findings were later
reproduced by others.242% In those reports, high NGAL and high CRP
combination was associated with higher rated of mortality in compare
with low NGAL and low CRP. In the present cohort, we attempted to
reinfornce the potential usefulness of NGAL over CRP regarding the
prediction of AKI. We demonstrated that in STEMI patients, NGAL
conferred better and independent prognostic information over CRP for
the prediction of AKI in line with previous studies.

In this study we found, AKI was associated with higher peak
CRP and troponin levels. We hypothesize that among this STEMI
subpopulation CRP may be more the mere marker or an
epiphenomenon, it may also directly contribute to the inflamma-
tory state and ongoing damage involved. Our findings may have
important clinical implications. In current guidelines and diagnos-
tic criteria, the deterioration of renal function in manifested as
elevated creatinine. However, this rise in serum creatinine can be
a late marker for renal injury as the kidneys have relatively high
functional reserves. In fact, 50% of renal mass needs to be
damaged to provoke significant rise in serum Scr. Therefore, the
increase in sCr lags behind the initial insult by 24-48 h. In view of
this limitation, utilization of biomarkers for identifying patients at
risk for future AKI progression might be of value for the clinician.
Application of early NGAL measurement can aid in risk stratifica-
tion for further deterioration, especially in patients with high
NGAL-O and NGAL-24 levels. Furthermore, the high NPV of
NGAL-0O for ruling out future AKI may indicate more liberal
administration of medications and possibly less strict monitoring
of sCr throughout hospitalization.

In our cohort, 70% of patients developing AKI had baseline CKD. We
have previously demonstrated that CKD patients may demonstrate
elevated baseline NGAL levels reflecting chronic renal impairment. Our
current results show that NGAL is independently associated with AKI as
shown by multivariate regression.

The utilization of early NGAL measurement for ruling out (rather
than prediction) AKI has not been assessed before. Our findings may
be nevertheless hypothesis generating for the future utilization of
NGAL in patients undergoing elective PCl. For example, among
patients with baseline CKD, up to 50% will develop contrast-
associated nephropathy following PCl. In these patients, early
identification of those at risk on one hand may aid in early

measurements for AKI prevention (i.e., pre-PCl hydration and

contrast volume limitation) on one hand and more liberal approach
(regarding contrast volume and early discharge) in those with low AKI
risk. In patients undergoing urgent PCl early NGAL can be used to
direct early initiation of Renin-Angiotensin blockers following PCI
with less concern regarding concomitant AKI.

Our study bares some limitations. This was a single-center cohort
with a relatively small size, this fact combined with a low occurrence rate
of AKI does not allow for a correlation of high NGAL levels with AKI. To
enhance the role of NGAL, the population size needs to be increased.
Plasma NGAL levels were used solely without urinary NGAL which can
have added another aspect for this study. We used sCr and eGFR as
surrogate markers of kidney function, acknowledging that these markers
have limitations when used in acute hospitalized patients with STEMI.
Finally, our analysis was based on using ELISA batch, thus analysis was
performed after completing the sample numbers. For future research, in
order for early AKI prevention, exams and results must be available early
(i.e., before the complication has occurred) thus a rapid check (i.e.,
ProNephro AKI check) should be used.

5 | CONCLUSION

Among STEMI patients, NGAL levels upon admission may serve as a
reliable marker for ruling out AKI, having NPV of 94% for NGAL level <
120 ng/mL. This single biomarker can therefore direct personalized
evaluations during the admission, and focused interventions to pre-
vent AKI.
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