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Neutrophil Gelatinase—Associated Lipocalin as a Marker for
Contrast-Induced Nephropathy in Patients Undergoing Percutaneous
Coronary Intervention: A Prospective Observational Analysis

Abstract

Introduction: Incidence of contrast-induced nephropathy (CIN) post percutaneous coronary
intervention (PCI) varies between 5% and 20%. Neutrophil gelatinase—associated lipocalin (NGAL)
is a sensitive marker for acute kidney injury. Data regarding the predictive accuracy of NGAL in
Indian patients undergoing PCI is sparse. Methods: A total of 212 consecutive “all-comer” patients,
undergoing PCI from March 2015 to April 2016 were recruited in this single-center observational study.
Plasma NGAL levels were measured at 4 hours post PCI using commercially available enzyme-linked
immunosorbent assay (Triage® Alere™, San Diego, CA, USA). Results: Twenty-five (11.8%) patients
developed CIN. The 4-hour post-PCI plasma NGAL levels were significantly higher in patients with
CIN than without (400.6 + 269.3 ng/mL vs. 109.8 + 68.0 ng/mL, P < 0.0001). Patients developing
CIN had higher age, low estimated glomerular filtration rate (¢GFR), and higher contrast volume usage
during PCI. After adjusting for confounding factors, diabetes mellitus (adjusted odds ratio [AOR]
3.04; P = 0.039; 95% confidence interval [CI]: 1.06-8.73), hypotension at presentation (AOR 24.84;
P <0.0001; 95% CI: 4.65-132.83), and multi-staged PCI (AOR 13.45; P < 0.0001; 95% CI: 4.54-39.79)
were found to independently predict the development of CIN. NGAL levels significantly correlated
with age (r = 0.149, P = 0.031), eGFR (r = —0.385, P < 0.0001), hemoglobin (» = —0.214, P = 0.002),
contrast volume (» = 0.185, P = 0.007), and 48-hour post-PCI serum creatinine levels (» = 0.334,
P < 0.0001). At a cutoff of 256.5 ng/mL, plasma NGAL had a sensitivity of 68% and a specificity
of 95.2% (area under the curve = 0.878; P < 0.0001; 95% CI: 0.801-0.955) to predict the occurrence
of CIN. Conclusions: Plasma NGAL is an early and highly predictive biomarker of CIN in patients
undergoing PCIL. Patients having diabetes, hypotension at presentation and those undergoing
second-stage procedures are at a high risk of developing CIN after PCL
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Conventionally, creatinine, which is a
marker of renal function rather than renal
injury and is presently the gold standard
for defining CIN, has been an insensitive
biomarker and more often late to detect
acute changes in kidney function. Emerging

Introduction

Contrast-induced nephropathy (CIN) after
renal hypoperfusion and drug-induced
nephrotoxicity, is the third most common
cause of hospital-acquired acute kidney

injury (AKI) accounting for 11% of
AKILM The incidence of CIN following
percutaneous coronary intervention (PCI)
depends on the definition of CIN used,
the study population, and the risk
factors predisposing to CIN. Although
in patients undergoing PCI, CIN is not
uncommon (incidence of 5%—-20%) yet CIN
leading to dialysis is rare (0.5%—2.0%).
However, patients requiring dialysis have
high mortality (35.7%) with a 2-year
survival rate of only 19%.0
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technologies such as functional genomics
and proteomics have uncovered novel
candidates in the form of biomarkers
that can facilitate timely effective renal
protection strategies and ultimately have
a positive impact on long-term outcomes
for patients with CIN.B* Among the top
candidate biomarkers for contrast-induced
AKI at  present are neutrophil
gelatinase—associated lipocalin  (NGAL),"!
interleukin 18 (IL-18), kidney injury
molecule-1 (KIM-1), urinary liver-type
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fatty acid-binding protein (L-FABP),®
N-acetyl-(D) glucosaminidase (NAG).[""

cystatin  C,/!

We, therefore, aimed to assess the incidence of CIN in
our patient subset undergoing PCI, identify the factors
predictive of CIN in this group of patients, and additionally
assess the predictive cutoff value of early plasma NGAL
levels in detecting the occurrence of CIN downstream
during the hospitalization.

Materials and Methods
Study population

A total of 212 consecutive “all-comer” patients
undergoing PCI at our institute between March 2015
and April 2016 were included in this single-center,
prospective, observational study. The decision to
perform PCI was made at the discretion of the
operating cardiologist on the basis of the patient’s
clinical profile, lesion characteristics, and patient
preference. Written informed consent was obtained
prior to the procedure in all patients as per institution
protocol. All data related to the procedure including
the patient’s clinical presentation and follow-up were
retrieved from computerized database software where
all such records were maintained with yearly follow-up
information. Incomplete records were refurbished using
telephonic contact with the patients. The approval of
the institutional ethics committee was obtained as a
protocol. Patients who had undergone coronary artery
bypass surgery (CABG) within the past 1 month and
those having an active infection, malignancy, and
chronic inflammatory states were excluded from the
study.

Procedure protocol

All patients were pretreated with aspirin and loaded with
clopidogrel 600 mg or ticagrelor 180 mg or prasugrel
60 mg depending on the patient’s clinical profile and
contraindications, if any. Unfractionated heparin was
given at the time of procedure and titrated to maintain
activated clotting time (ACT) >250 seconds. Intravenous
antiplatelet agents (glycoprotein IIb/Illa inhibitors) were
given at the discretion of the operator depending on the
complexity of the lesion, length of the stent contemplated,
the use of multiple stents, and the patient’s clinical
status. Post-procedure, all patients were prescribed dual
antiplatelet drugs for at least 1 year. Other cardioactive
medications were prescribed in accordance with the
patient’s clinical need and guidelines recommendation.
Complete revascularization was aimed in all patients
except in those who presented with acute ST elevation
MI (STEMI) in whom only the culprit lesion was done
at first go and significant non-culprit lesions were usually
revascularized later in a staged procedure mostly in the
same hospital admission.
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Evaluation tools

During the hospital stay, all clinical details of the patient
were captured on a pro forma and included various
patient- and procedure-related risk factors for CIN,
namely, diabetic status, age, estimated glomerular filtration
rate (eGFR; Cockcroft-Gault formula), hypertension,
preexisting renal dysfunction, congestive heart failure,
post-renal transplant, primary PCI, anemia, preprocedural
hemodynamic instability, volume, osmolality and ionicity
of contrast used, use of intra-aortic balloon pump, and
multiple administration of contrast within 72 hours. An
echocardiogram was done to evaluate the baseline left
ventricular (LV) function. Venous blood samples were
collected on admission in the coronary care unit or
emergency department before PCI, which were used for
the evaluation of basal biochemical and hematological
parameters. Venous blood measuring 2 mL was collected
in EDTA (ethylenediaminetetraacetic acid) vials for the
measurement of plasma NGAL and serum creatinine
levels at 4 hours and 48 hours after PCI, respectively.

Jaffe’s colorimetric assay was employed by an automated
clinical chemistry analyzer (RX imola, Randox laboratories
limited, UK) to estimate serum creatinine levels. However,
the standardization of creatinine calibration was not traceable
to isotope dilution mass spectrometry. NGAL was evaluated
using commercially available enzyme-linked immunosorbent
assay (Triage® Alere™ NGAL test, San Diego, CA, USA).

Definitions
Contrast-induced nephropathy

Impairment in renal function denoted by an increase
in serum creatinine by >0.5 mg/dL or >25%, assessed
at 48 hours after the procedure after intravascular
administration of contrast medium, without an alternative
etiology in accordance with the European Society of
Urogenital Radiology diagnostic criteria for CIN.!'!

Statistical analysis

Continuous variables were expressed as mean + standard
deviation, and categorical variables were expressed as
percentages. P values <0.05 were considered significant.
Descriptive analysis was used to assess the distribution of
data. A multiple logistic regression model was created to
isolate the statistically significant risk predictors associated
with CIN. A Chi-square test was used to compare the risk
factor profile between the group of patients having high
plasma NGAL levels or not. A cutoff was derived using
the receiver operating characteristic curve distribution
of NGAL values in different patients with or without
CIN, and the Youden index was calculated.” Youden
index is defined as (sensitivity + specificity) -1. The best
cutoff was taken as the highest Youden index. Statistical
analysis was done using the IBM SPSS Statistical Software
(IBM SPSS Statistics Version 20.0, IBM SPSS, USA).
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Results CIN post-PCI. Patients developing CIN were elder to those

The baseline demographic and clinical profile of the entire who did not develop CIN (65.2 = 11.5 vs. 57.4 + 9.5 years;
study group stratified into those developing CIN or not is P < 0.001). Three fourths of the patients belonged to the
shown in Table 1. A total of 212 patients were included 5075 years age bracket. One fourth of the patients had
in the study, out of which 25 (11.8%) patients developed diabetes (n = 59, 27.8%), and hypertension was present

Table 1: Baseline clinical and biochemical characteristic of the patients according to CIN status

Variable Total cohort CIN P
(n=212) Yes (n=25) No (n=187)
Age in years, mean (SD) 58.3+10.1 65.2+11.5 57.4+9.5 <0.001%*
<50, n (%) 41 (19.3) 6 (24.0) 35(18.7)
51-74, n (%) 157 (74.1) 16 (64.0) 141 (75.4) 0.38
>75, n (%) 14 (6.6) 3 (12.0) 11 (5.9)
Sex, n (%)
Male 182 (85.8) 22 (88.0) 160 (85.5) 0.74
Female 30 (14.2) 3 (12.0) 27 (14.5)
Diabetes, n (%) 59 (27.8) 15 (60.0) 44 (23.5) <0.001*
Hypertension, n (%) 106 (50.0) 11 (44.0) 95 (50.8) 0.52
LVEF, mean+SD 46.4+7.7 46.7+6.0 46.4+7.9 0.86
CHF, n (%) 3(1.4) 2 (8.0) 1(0.5) 0.003*
LV dysfunction, n (%) 89 (42.0) 12 (48.0) 77 (41.2) 0.51
Mild 41 (19.3) 8(32.0) 33 (17.6)
Moderate 34 (16.0) 4(14.0) 30 (16.0) 0.23
Severe 13 (6.1) 0(0) 13 (7.6)
Mode of presentation, n (%) 84 (39.6) 9 (36.0) 75 (35.4)
STEMI 25 (11.8) 5(20.0) 20 (9.4) 0.42
NSTEMI 17 (8.0) 3 (12.0) 14 (7.5)
Unstable angina 86 (40.6) 8(32.0) 78 (41.7)
Primary PCI, n (%) 23 (10.9) 1(4.0) 22 (11.8) 0.24
Anemia, n (%) 57 (23.6) 7 (28.0) 50 (26.7) 0.89
Hypotension, n (%) 10 (4.7) 7 (28.0) 3(1.6) <0.001*
Prior renal dysfunction, n (%) 8(3.8) 3(12.0) 5(2.7) 0.02*
Iso-osmolar contrast use, 7 (%) 93 (43.9) 13 (52.0) 80 (42.8) 0.38
Low-osmolar contrast use, n (%) 119 (56.1) 12 (48.0) 107 (57.2)
Tomeprol 47 (22.1) 3(12.0) 44 (23.5) 0.41
Topromide 72 (34.0) 9 (36.0) 63 (33.7)
Baseline creatinine, mg/dl 1.20+0.42 1.13+0.71 1.20+0.37 0.39
Hemoglobin, g/dl 12.8+1.90 12.3+£2.06 12.9+1.88 0.15
Staged PCI procedure, n (%) 31 (14.6) 15 (60.0) 16 (8.5) <0.001*
eGFR in mL/min/m?, n (%)
<30 524 2 (8.0) 3(1.6)
31-59 55(25.9) 19 (76.0) 36 (19.3) <0.001*
60-89 105 (49.5) 4(16.0) 101 (54.0)
>90 47 (22.2) 0(0) 47 (25.1)
eGFR in mL/min/m? (mean+=SD) 71.0£21.4 49.3+13.9 74.6+19.7 <0.001*
Volume of contrast used in mL, n (%)
<200 86 (40.6) 15 (60.0) 71 (38.1) 0.05
201-399 116 (54.7) 8(32.0) 108 (57.6)
>400 10 (4.7) 2 (8.0) 8(4.3)
Volume of contrast in mL (mean+SD) 263.7+£83.2 326.4£132.9 255.4+£70.6 <0.001*
In-hospital mortality, n (%) 5(24) 2 (8.0) 3(1.6) 0.048*
Need for in-hospital RRT, 7 (%) 2 (0.9) 1(4.0) 1(0.5) 0.092

SD=standard deviation; CIN=contrast-induced nephropathy; LVEF=left ventricular ejection fraction; CHF=congestive heart failure;
LV=left ventricular; STEMI=ST elevation myocardial infarction; NSTEMI=non-ST elevation myocardial infarction; CAD=coronary artery
disease; eGFR=estimated glomerular filtration rate (by Cockcroft-Gault method); PCI=percutaneous coronary intervention; RRT=renal
replacement therapy. *Significant P values
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in half (n = 106, 50%). Only eight (3.78%) patients had
preexisting renal dysfunction. Two patients were on renal
replacement therapy, whereas none had a prior renal
transplant. In-hospital mortality for post-PCI patients was
2.4% (n =5).

Baseline characteristics

About 60% of the patients in the CIN group had diabetes
compared with 23.5% in the non-CIN group (P < 0.001).
Significantly, more patients in the CIN group presented
with clinical heart failure (8% vs. 0.53%; P = 0.003) and
had hypotension at presentation (28% vs. 1.6%; P < 0.001)
when compared with the non-CIN group. LV dysfunction
and anemia were present in 42% and 23.6% of patients,
respectively, at baseline, which was not different in the
two groups. Primary PCI was done in 10.85% (n = 23)
of patients, out of which only one patient developed CIN.
Pre-existing renal dysfunction was present in eight (3.77%)
patients, out of which three had worsening of renal function
post-procedure, which was significantly more as compared
with the non-CIN group (P = 0.02). The mean baseline
eGFR was 71.0 = 21.4 mL/min/m? with patients in the CIN
group having significantly lower eGFR compared with the
non-CIN group (49.28 + 13.94 vs. 74.59 £+ 19.67 mL/min/m?;
P < 0.001). Iso-osmolar and low-osmolar contrast was used
in 43.9% (n = 93) and 56.1% (n = 119), respectively. The
mean contrast volume used per patient in the study was
263.7 £ 83.2 mL, with patients in the CIN group having
significantly higher contrast volume compared with those
in the non-CIN group (326.4 = 132.9 vs. 255.4 + 70.6 mL;
P <0.001). About 60% (n = 15) of the patients in CIN group
underwent staged procedure as compared to 8.5% (n = 16)
in the non-CIN group (P < 0.001). The time interval
between the staged procedures was not assessed separately.

Outcomes in diabetic patients

Baseline creatinine (1.31 + 0.62 vs. 1.15 + 0.30 mg%;
P=0.01), volume of contrast used per patient (286.8 £93.7 vs.
2549 + 773 mL; P = 0.01) and 48-hour post-PCI
creatinine (1.29 £ 0.69 vs. 1.07 £ 0.31 mg%; P = 0.002)
were significantly higher in diabetics. The basal
hemoglobin (11.96 + 2.11 vs, 13.11 + 1.72 g%; P < 0.001)
and eGFR (64.62 + 24.31 vs. 73.49 + 19.74 mL/min/m?
P = 0.007) were significantly lower in diabetic patients
compared with nondiabetics. Despite being nonsignificant,
the 4-hour post-PCI NGAL levels were higher in diabetics
when compared with nondiabetics [Table 2].

Post-procedural markers of CIN

Figure 1 shows the pre-PCI and post-PCI trends of
the two markers of CIN, namely, serum creatinine and
plasma NGAL. The overall mean 48-hour postprocedural
serum creatinine level was 1.13 + 0.46 mg/dl, being
significantly high among patients with CIN as compared
with those in the non-CIN group (1.48 + 0091 wvs.
1.08 + 0.34 mg/dl; P < 0.001). Also, the mean (geometric)
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plasma NGAL level measured 4-hour post-PCI was
1441 + 1455 ng/mL (range 18-936 ng/mL) with
significantly higher levels in the CIN group as compared with
the non-CIN group (400.6 + 269.3 vs. 109.8 £ 68.0 ng/mL;
P < 0.001). The plasma NGAL levels followed a skewed
non-Gaussian type of distribution pattern.

Predictors of CIN

After adjustment for confounding risk factors by multivariate
linear regression analysis, diabetes mellitus (adjusted odds
ratio [AOR] 3.04; P = 0.039; 95% confidence interval [CI]:
1.06-8.73), hypotension at presentation (AOR 24.84;
P < 0.0001; 95% CI: 4.65-132.83), and second-stage
PCI (AOR 13.45; P < 0.0001; 95% CI: 4.54-39.79)
were found to independently predict the development of
CIN [Table 3]. No significant difference in plasma NGAL
was observed between patients administered iso-osmolar
and low-osmolar contrast media (P = 0.556).

Predictive accuracy of NGAL for CIN

At a cutoff of 256.5 ng/mL for 4-hour post-PCI plasma
NGAL levels, the sensitivity was 68% and the specificity
was 95.2% (area under the curve [AUC] = 0.878;
P <0.0001, 95% CI: 0.801-0.955) as shown in Figure 2.

Correlation of NGAL with other risk factors for CIN

The NGAL levels significantly correlated with age ( = 0.149,
P = 0.031), eGFR (r = —0.385, P < 0.0001), hemoglobin
(r =—-0.214, P = 0.002), volume of contrast used (» = 0.185,
P = 0.007), and 48-hour post-PCI serum creatinine
levels (» = 0.334, P < 0.0001) as shown in Figure 3.

Discussion

Our study provides a single-center experience of
employing a novel biomarker for early recognition and
prediction of contrast-induced AKI in patients undergoing
PCI. The incidence of CIN in our study was 11.8%,
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Figure 1: Box plot showing distribution of 4-hour post-PCI NGAL levels in
patients with and without CIN
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Table 2: Distribution of clinical and biochemical parameters in diabetics

Variable Diabetic (n=59) Nondiabetic (n=153) P
Age, years 60.32+10.13 57.58+9.97 0.08
Baseline creatinine, mg/dl 1.314+0.62 1.15+0.30 0.01*
e¢GFR, mL/min/m? 64.62+24.31 73.49+19.74 0.007*
LVEF, % 46.86+5.94 46.25+8.29 0.61
Hemoglobin, G/dl 11.96+2.11 13.11+1.72 <0.001*
Volume of contrast, mL 286.78+93.74 254.85+77.32 0.01*
48-hour post-PCI creatinine, mg/dl 1.29+0.69 1.07+0.31 0.002*
4-hour post-PCI plasma NGAL, ng/mL 167.81+£180.45 134.95+£129.08 0.14
CIN, n (%) 15 (25.4) 10 (6.5) <0.001*

NGAL=neutrophil gelatinase-associated lipocalin; CIN=contrast-induced nephropathy; LVEF=left ventricular ejection fraction;
eGFR=estimated glomerular filtration rate (by Cockcroft-Gault method); PCl=percutaneous coronary intervention. *Significant P values

Table 3: Multivariate predictors of post-PCI CIN

Variable HR (95% CI) P
Diabetes 3.04 (1.06-8.73) 0.039*
Hypotension at presentation 24.84 (4.65-132.83) <0.0001*
Staged PCI procedure 13.45 (4.54-39.79) <0.0001*
Prior renal dysfunction 3.58 (0.48-26.92) 0.216
CHF at presentation 6.55(0.12-346.34) 0.353
Contrast volume 1.02 (0.99-1.04) 0.205
Age 1.86 (0.74-4.64) 0.185
eGFR 0.83 (0.63-1.08) 0.165

CIN=contrast-induced nephropathy; PCI=percutaneous coronary
intervention; CHF=congestive heart failure; HR=hazard ratio;
Cl=confidence interval, eGFR=estimated glomerular filtration rate.
*Significant P values

ROC Curve
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Figure 2: Receiver-operated characteristics curve depicting sensitivity and
specificity of 4-hour post-PCl NGAL levels for predicting CIN

whereas in various other studies, it is reported to vary
between 5% and 20%.) Here, it is imperative to clarify
that although multiple definitions using varying serum
creatinine thresholds exist for defining contrast-induced
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nephropathy (e.g. ESUR (European Society of Urogenital
Radiology) criteria,/'t!! KDIGO (Kidney Disease:
Improving Global Outcomes) working group criteria,!'
AKIN (Acute Kidney Injury Network) criteria,'! RIFLE
(Risk, Injury, Failure, Loss of Function, End-Stage)
classification,'” ACR (American College of Radiology)
criteria,!'®! yet ultimately all definitions of contrast-induced
AKI are arbitrary, not specific to contrast-induced injury
and based only on laboratory testing. Employing the
criterion of a smaller rise in serum creatinine may lower
the threshold for diagnosing CIN, thereby increasing
the incidence of contrast nephropathy especially after
coronary interventions. Nevertheless, to standardize the
definition of CIN, recently in 2020 ACR in association
with NKF (National Kidney Foundation) has proposed to
use AKIN criteria for diagnostic purposes.['”)

Renal medullary ischemial'®2% arising from an imbalance of
local vasoconstrictive and vasodilatory influences'>¥ and
direct cytotoxicity?** coupled with increased demand for
oxygen-driven sodium transport??*?” may be the key to CIN
pathogenesis. Another important observation of our study
was the identification of risk factors that independently
predict the development of CIN, namely, diabetes,
hemodynamic instability at presentation, and multi-staged
procedures. In fact, our study projected the incidence of
CIN in 25.4% of diabetic and 6.5% of nondiabetic patients
in contrast to previously reported incidence of 20% and
13% in diabetics and nondiabetics, respectively.?s?"!

NGAL is an emerging biomarker of renal injury
applicable in a whole gamut of conditions such as
immunoglobulin A (IgA) nephropathy,*” posttransplant
graft dysfunction,®! childhood-onset systemic lupus
erythematosus (SLE),1*?! post—cardiovascular surgery®! and
following contrast exposure during angiography.['>3+351 Tt
is also upregulated in other pathological conditions such
as inflammatory bowel disease, neoplasms, preeclampsia,
pancreatitis, arthritis, heart failure, and autoimmune
myocarditis.***? Inflammation via C-reactive protein and
neutrophil leukocyte esterase infiltrating the atherosclerotic
plaque plays a role in the pathogenesis of atherosclerosis
and plaque instability thereby explaining the increased
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Figure 3: Plot showing correlation of 4-hour plasma NGAL level with age (Panel a), hemoglobin (Panel b), serum creatinine (Panel c), volume of contrast

used (Panel d), and eGFR values (Panel e)

expression of NGAL in the setting of acute coronary
syndrome (ACS).*#1 Similarly, post-PCI disruption and
mechanical alteration of atherosclerotic plaque provide for
the basis of raised NGAL in this setting.!*>

In several prospective cohort studies, urine and plasma
NGAL levels have been shown to rise within 1 to 2 hours
after the onset of AKI, whereas the rise in serum creatinine
is not detected until 1 to 2 days later. It has been shown by
Tuldhar ef al. that plasma and urinary NGAL measured as
early as 2 hours after cardiopulmonary bypass can predict
the increased risk of developing AKI in pediatric and adult
cardiac surgery patients.*’! An earlier rise in serum levels
may be due to the fact that NGAL is released into the
circulation probably secondary to inflammation activation
of neutrophils initiated by the contrast agent. Studies
done in patients having stable angina, unstable angina,
and chronic kidney disease,”® and undergoing PCI¥! or
coronary angiography® demonstrate good predictability
of CIN by estimation of serum or urinary NGAL levels.
In our study, using the Youden index, the best cutoff value
for plasma NGAL to predict AKI was estimated to be
256.5 ng/mL, with 68% sensitivity and 95.2% specificity.
Padhy et al. also demonstrated that a plasma NGAL cutoff
level of 155.2 ng/mL predicted an early development of
CIN in patients undergoing PCL¥! Similar findings in
other small observational studies supplement our data
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to establish NGAL as an excellent predictor of CIN.BU
Bachorzewska-Gajewska et al. found plasma NGAL to
predict CIN after PCI with a sensitivity of 90% and a
specificity of 76% in patients with stable angina.[*64%5
In a prospective study involving the pediatric population
undergoing elective cardiac catheterization, both urinary
and plasma NGAL predicted CIN.®* Using a cutoff
value of 100 ng/mL, the prediction of CIN was excellent
for 2-hour plasma NGAL (AUC 0.91, sensitivity 90%,
specificity 74%) and 4-hour urinary NGAL (AUC 0.92,
sensitivity 76%, specificity 80%).5%

Variability in the predictive values of NGAL for CIN
in different studies may be attributed to the difference in
selection criteria, the age of patients (pediatric or adult
population), the type of coronary artery disease (CAD)
presentation (ACS, stable CAD), the mode of coronary
intervention (diagnostic angiography, PCI, or CABQG), the
method of NGAL estimation (plasma or urine), the time
frame for obtaining samples (early <4 hours or delayed >4
hours from intervention), and the mechanism of myocardial
injury (ischemic or nonischemic heart failure). In various
studies, the NGAL levels were shown to correlate with
serum creatinine levels, duration of the procedure,
hemoglobin Alc (HbAlc) levels, hematocrit, hemoglobin,
hypertension, age, and presence of diabetes. In our study,
the NGAL levels correlated positively with age, the volume
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of contrast agent, and postprocedural creatinine, whereas it
negatively correlated with eGFR and hemoglobin. As our
patient population had a diverse composition in terms of
clinical presentation due to an “all-comer” design, our data
inferences can be applied to a wider range of the patient
population. Diabetic patients were especially found to be at
increased risk for CIN as they were elderly, had increased
baseline creatinine and volume of contrast used, and had
low hemoglobin and eGFR as compared with nondiabetic
patients. Recent data have demonstrated that in patients
with LV dysfunction, NGAL is a strong predictor of
30-day rehospitalization due to heart failure and all-cause
mortality.®¥ Contrary to the above view, LV dysfunction
and hypertension in our study were not predictors of CIN,
probably because of the uniform distribution of patients
with varying LV function and hypertensive status in both
groups.

Limitations of the study

We do feel that our study has a few limitations. This was a
single-center experience with an observational study design.
Although the present study demonstrates an independent
prognostic value of NGAL in CAD patients, yet a causal
relationship cannot be extrapolated. Therefore, investigation
of the sources and specific molecular forms of NGAL is
warranted. Furthermore, urinary NGAL levels estimation
could have been helpful for making a true assessment of
AKI. Our study group was heterogeneous with all types
of CAD patients being included. Variability of plasma
NGAL measurement in patients with chronic comorbidities
represents an important limitation to widespread clinical
application.

Conclusion

Of all patients undergoing PCI, one tenth are prone
to develop CIN with diabetic patients, those having
hypotension at presentation, and those undergoing
multi-stage procedures during the index hospitalization
being at the highest risk of contrast nephropathy. A 4-hour
plasma NGAL of 256.5 ng/mL or above predicts the
occurrence of CIN in patients undergoing PCI with a
sensitivity of 68% and a specificity of 95.2%.
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