Research Journal of

Cardiology

ISSN 1819-3404

@

Academic
Journals Inc. www.academicjournals.com




Research Journal of Cardiology 6 (1): 10-18, 2013
ISEN 1819-3404 / DOI: 10.3923/rjc.2013.10.18
© 2013 Academic Journals Inc,

Prognostic Value of Neutrophil Gelatinase-associated Lipocalin in
Predicting In-hospital Complications in Patients with ST-segment
Elevation Myocardial Infarction

Azza A. Al-Afify
Faculty of Medicine, Tanta University Hospital, Tanta University, Egypt

Corresponding Author: Azza A. Al-Afify, King Saud Medical City, P.O. Box 331135, Rivadh 11371, Saudi Arabia

ABSTRACT

Neutrophil Gelatinase-Associated Lipocalin (NGAL) is a sensitive marker of acute kidney injury.
It is considered as a novel biomarker for progressive inflammatory process in patients with coronary
artery disease. The aim of this study was to evaluate the prognostic significance of NGAL in
predicting the in-hospital complications in patients with STEMI treated with fibrinolytic therapy.
A total of B2 patients with STEMI treated with fibrinolytic therapy (reteplase) were investigated.
Patients with high NGAL (group I) showed significantly higher mortality compared to those with
low NGAL {group 2) p = 0.013. By logistic regression shock and pulmonary edema were very
strongly correlated with inecreased NGAL level with a ratio of 0.842, 0.608 and p = 0.0001,
respectively. In conclusions, cardiovascular death and in-hespital complications were significantly
higher in patients with high NGAL than those with low NGAL. Plasma NGAL 1s a significant
predictor of mortality and in hospital complications in patients with STEMI.

Key words: Neutrophil gelatinase-associated lipocalin, ST elevation myoccardial infarction,
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INTRODUCTION

Inflammation and polymorph nuclear neutrophils are considered important in the pathogenesis
of acute myocardial infarction (Sahinarslan ef «l., 2011). Neutrophil activation has been
reported in unstable angina and acute myocardial infarction but not in patients with stable angina
(Ott ef al., 1996, Jaremo et al., 2000; Buffon et al., 2002; Patel et al., 2004, Naruko et al., 2002;
Madjid et al., 2004; Sarndahl ef al., 2007). This activation seems to precede myocardial injury in
patients with AMI (Goldmann et al., 2009).

Neutrophil Gelatinase-Associated Lipocalin (NGAL) is secreted from neutrophils and may
increase the proteolytic activity within the atherosclerotic plaque (Sahinarslan et al., 2011). NGAL
is a specific matrix metalloproteinase-9 (MMP-9) binder, preventing it from degradation and, thus,
maintaining its activity. The MMF-9 is an endopeptidase capable of degrading the extracellular
matrix and thought to be associated with atherosclerosis and plaque rupture (Galis ef al., 1994;
Kai ef al., 1998). The formation of a complex with NGAL and matrix metalloproteinase-2 { MMP-9)
is crucial for atherosclerctic plaque erosion and thrombus formation as MMP-9 enhance the action
of NGAL (Hemdahl et af., 2006). Therefore, MMP-9 is considered an important mediator of vascular
remodeling and plague instability. Furthermore, high levels of serum MMP-9 are independently
associated with adverse cardiovascular outcomes (Blankenberg ef al., 2003).

Several novel biomarkers are reported to be associated with an inereased risk for mortality in
STEMI patients such as N-terminal pro-brain natriuretic peptide (NT-proBNP), glucese, C-reactive
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protein, creatinine or estimated glomerular filtration rate and cardiac troponin T (eTnT)
{FKhan et al., 2008: Kosiborod et ¢f., 2005; Ortolani et al., 2008; Anavekar et al., 2004; Aviles et al.,
2002). These biomarkers reflect left ventricular dysfunction, glucose metabolism, inflammation
status, renal function and myoccardial cell damage, respectively.

Neutrophil Gelatinase-Associated Lipocalin (NGAL) 1s a 25 kDa glyeoprotein found in many
tissues. Also, many studies proved it as a novel biomarker for early diagnosis of acute kidney injury
and its level mmght reflect the degree of inflammatory process in patients with coronary artery
disease (Kafkas et al., 2012). However, the data is inadequate about the prognostic value of NGAL
in patients with acute MI. Therefore, the aim of this study was to evaluate the prognostic role of
NGAL in patient with STEMI treated with thrombolytic therapy.

MATERIALS AND METHODS

Patients with STEMI, who received fibrinolytic therapy, were admitted to King Saud Medical
City from January to April 2013 and included in the study.

Upon presentation in emergency room, patients were subjected to initial clinical assessment that
included clinical history, physical examination, 12-lead ECG, continuous ECG monitoring and
standard blood tests (including white blood cell, polymorph-nuclear neutrophil counts and cardiac
troponin-I (¢Tnl), Creatinine Kinase (CK) and (CE-MB subtype). All patients received thrombolytic
therapy with reteplase a fibrinolytic drug that is similar to recombinant human tissue plasminogen
activator alteplase) but the modifications give reteplase a longer half-life of 13-16 min.

However, 8 patients were excluded. The exclusion criteria were end stage renal disease,
neoplasia liver disease, renal cardiac or liver transplantation and infection. Because all these can
affect serum-NGAL levels,

The estimation of NGAL levels was done by the Alere Triage® NGAL Test. It is a rapid
fluorescence immunoassay using the Alere Triage® Meters for rapid, quantitative determination of
NGAL in Ethylene Diamine Tetra-acetic Acid (KDTA) anticoagulated whole blood (Fig. 1). The test
procedure invalved the addition of several drops of KDTA to anticoagulated whole blood or plasma
specimen to the sample port on the Test Device. The Test Device was inserted in the Alere Triage®
Meter. The Meter was programmed for analysis after the specimen reaction with the reagents
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Fig. 1. BIOSITE meter and NGAL test device for measuring NGAL level
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within the Test Device. The analysis 1s based on the amount of fluorescence that Meter detects
within a measurement zone on the Test Device. The detection of low intensity of fluorescence
indicates higher NGAL concentration in the specimen. The result is displayed on the Meter screen
in approximately 15-20 min from the addition of specimen. The nen-parametric reference range
upper limit (95th percentile) is less than 60 Ng mL .

Statistical analysis: Categorical data were analyzed in percentage, frequencies (proportion) and
Mean+SD (standard Deviation) was used for non-categorical values. According to NGAL levels, the
patients were divided into two groups. i.e., group 1 with high NGAI levels and group 2 with low
NGAL levels. The comparison between two groups was done using the chi-square test for
categorical variables. The comparisons of means were made using the two independent samples
student’s t- test to compare the non categorical values of both groups of patients. The correlations
between NGAL and the different in-hospital complications were assessed with the Pearson and
Spearman’s test of correlation coefficients. Linear logistic regression analysis was done to assess the
relationship of increased level of NGAL with the independent variables at 95% confidence interval
and p-value were computed from the logistic model. In all analyses, p<0.05 was considered
statistically significant. All the statistical data analyses were performed using Statistical Software

SPSS Version 20.
RESULTS

Out of 44 patients, 15 patients showed high NGAL level (group 1) and 29 patients had low
NGAL (group 2). Data in Table 1 showed the baseline characteristics between the two groups of

Table 1: Baseline characteristics and demographic data of both groups

Parameters High NAGAL (15) group 1 Low NGAL (29) group 2 p-value
Age Mean+=SD 55.27+9.64 49.66+7.23 0.092
Female 6.7% 7.2% 0.003
Hmpertension 60% 33% 0.004
Drrelipidemia 46% 19.20% 0.063
Smoking 46.7% 50% 0.800
Diabetes 60% 34.6% 0.097
Family history CAD 6.7% 14.3% 0.144
Prior MI 20% 6.8% 0.149
Prior CVA 0% 3.4% 0.467
Beta blockers 53.3% 75.9% 0.128
ACEI 73.3% 100% 0.004
Colipedogril+ASA 93.3% 100% 0.160
Nitrates 73.3% 100% 0.004
Dopamine/dobutamine 20% 0% 0.013
Amoidaronefgylocaine 13.3% 0% 0.044
Electrical cardioversion 20% 0% 0.013
Sys BP 121.33+35.89 123.38+24.69 0.211
Dias BP 68.27+17.95 77.72+18.78 0.943
Pulse rate 100.57+26.44 88.78+17.53 0.186
Duration of angina 3.53+2.84 4.214£3.01 0.72
Sample time 7.3345.46 13.86+8.35 0.72

Chi-square test, SD: Standard deviation, CAD: Coronary artery disease, CVA: Cerebrovascular accident, ACEI: Angiotensin converting
enzyme inhibitor
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patients as age was significantly higher in high NGATL as compared to low NGAL group (p = 0.092).
The female gender was more common in group 2 (0.003). Also, diabetes mellitus and hypertension
were more 1in group | as compared to low NGAL group (p = 0.094, 0.097, respectively).

High NGAL group were more likely to be treated with inotropes, antiarrhythemic, amoidarone
{(p = 0.04, 0.01) and received electrical cardioversion (p = 0.013). Group 2 were more likely to be
treated with nitrates and ACEI (p-0.004). Duration of angina and sample time were similar in both
groups. There were no significant. differences in smoking, dyslipidemia, pulse rate, blood pressure
and the use of beta blockers or antiplatelets.

The NGAL level was significantly higher in group 1 than 2 (p = 0.0001). Serum creatinine level
was slightly higher in patients with high NGAL as compared to those with low NGAL
(109.824£38.03 vs. 89.64+17.7 p = 0.025), Serum glucose levels were sighificantly higher in patients
with high NGAL level (group 1) than group 2 (15.22+7.71 vs. 7.714£5.17 p = 0.05). Other labaratory
data such as CK, CK-MB and arrival ¢Tnl were similar between the two groups (Table 2).

In-hospital complications: Patients with high NGAL (group 1) showed significantly higher

incidence of in-hospital complications as compared to group 2 (low NGAL) as shown in Table 3.

Tahble 2: Laboratory data for both groups of patients high and low NGAL

Laboratory parameters High NAGAL (15) group 1 Low NGAL (29 group 2 p-value
NGAL level 133.204£104.07 57.72£11.16 0.0001
Neutrophil 16.32+£13.67 10.48+5.74 0.1400
WBC 16.66+5.18 14.05+4.92 0.1100
Serum glucose 15.2247.71 7.71£517 0.0500
Serum creatinine 109.82438.03 89.64+£17.7 0.0250
Urea 6.22+3.19 5.10+1.43 0.1500
Serum magnesium 0.81+£0.12 0.83+£0.12 0.6300
CK 2859.74+267.34 3197.64+£248.1 0.6900
CE-MB 472.18+41.3 564.53+48.45 0.5500
Arrival ¢Tnl 10.79+6.07 4.543.1 0.2300
Second cTnl 482.91+249.01 136.67+68.67 0.0800
LVEF 38.0+£13.77 40.72+15.89 0.6800
Diastolic dysfunction 60.0% 58.6% 0.0080
Table 3: In-hospital complications for both groups of patients

Complications High NAGAL group 1 Low NGAL group 2 p-value
Recurrent angina 33.3% 10.3% 0.061
Hypotension 26.70% 13.45% 0.021
Heart failure 46.70% 24.00% 0.128
Pulmonary edema 26.70% 0.00% 0.004
Cardiogenic shock 13.30% 0.00% 0.044
Arrhythmias 26.00% 10.30% 0.161
New BBB 26.70% 11.40% 0.021
CPR 20% 0% 0.013
Death 20% 0% 0.013
Urgent revasce 13.30% 6.90% 0.481
Hospital stay 4.23+2.39 4.92+2.78 0.440
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Recurrent angina was frequent in Group I as compared to group 2 (33.3 vs. 10.3% p = 0.061). The
hypotension and cardiogenic shock were common in group 1 (26.7 vs, 123.45% p =0.02 and 13.3 vs,
0% p = 0.044).

However, 4 (26.7%) patients in group 1 developed acute pulmoenary edema versus none of
patients in group 2 (lew NGAL p = 0.004). Also, four patients in group 1 showed new right bundle
branch block in the ECG as compared to five in group 2 (26.7 vs. 11.4% p = 0.02) during
hospitalization. Furthermore, none of the patients from group 2 (low NGAL level) died as compared
to three (20%) patients in group 1 (p = 0.013) while two of them arrested in the first 2 h in the
emergency room and the third one died after 72 h.

The correlation coefficients for the association between serum NGAL and in-hospital
complications are listed in Table 4. All showed significantly strong positive correlation with NGAL
level. The cardiogenic shock, Cardio-Pulmonary Resuscitation (CPR) and pulmonary edema showed
a very strong correlation (r) with a value of 0.842, 0.712, 0.608 at p = 0.0001, respectively). Heart,
failure and arrhythmias showed moderately strong correlation with NGAL levels (r-values = 0.352,
0.395 at p = 0.019 and 0.008, respectively). Revascularization did not show any significant
correlation with NGAL level (p = 0.34).

Logistic regression analysis are shown in Table b. Heart rate, systolic, diastolic blood pressure,
neutrophil count, serum glucose and cTnl levels were the significant predictors of increased NGAL
level (Fig. 2) at 95% confidence interval Clis (0.13-2.24 p = 0.08) for heart rate. Ninety five percent

Tahble 4: Correlation between NGAL levels and in-hospital complications

Variables R p-value
HF 0.352 0.0190
Cardiogenic shock 0.842 0.0001
CPR 0.712 0.0001
Arrhythmias 0.395 0.0080
Recurrent angina 0.200 0.0500
Pulmonary edema 0.608 0.0001
Revascularization 0.147 0.3400
Death 0.430 0.0030

Table 5: Logistic regression analysis for the predictars of high NGAL

Variable Beta regression analysis 95% confidence interval p-value
Ape 0.08 2.01,3.25 0.630
Time of chest pain 0.13 10.9, 4,90 0.440
Heart rate 0.29 0.13, 2.24 0.080
Systolic BP 0.39 1.69, 0.27 0.008
Diastolic BP 0.52 3.22,0.92 0.001
Serum creatinine 0.14 0.15, 0.05 0.320
Serum glucose 0.28 0.38, 5.40 0.080
White blood cell count 0.08 0.07,0.13 0.540
Neutrophil count 0.35 0.39,5.21 0.090
CK 0.18 0.02,0.04 0.240
CE-MB 0.20 0.07,0.01 0.160
CTnl 0.70 0.04, 0.35 0.020
EF 0.24 241,012 0.075
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Fig. 2: Regression analysis with significant association between NGAL and cardiac Tnl

Cl are (1.69-0.27 p = 0.008, 3.22-092 p = 0.001) for systolic and diastolic blood pressures,
respectively. Fjection fraction was significant predictor of increased NGAL level 95% CI (2.41-0.12
p =0.075).

DISCUSSION

Previously, the biomarker Neutrophil Gelatinase-Associated Lipocalin (NGAL) were established
as a sensitive marker of both the clinical and subeclinical acute kidney injury. However, its
prognostic role in predicting adverse events in patients with STEMI treated with fibrinolytic
therapy is not fully studied.

In this study, NGAL levels were significantly higher in patients with in-hospital complications.
But the levels of NGAL were normal in patients with STEMI who did not develop complications.
These findings suggest an active pathophysiclogical role for NGAL in the development of acute
coreonary events and its usefulness as prognostic biomarker in patients with STEMI. The NGAL
increased significantly in patients with myocardial infarction as compared to patients with stable
coronary artery disease and healthy subjects. Also, Kafkas et al. (2012) demonstrated that serum
levels of NGAL were higher in patients with acute coronary syndrome than those with stable
angina. However, the prognostic value of NGAL has not been studied in patients with myocardial
infarction (Lindberg ef al., 2012). Simmlarly, Malek (2012) reported that increased level of NGAL
was detected in patients with acute myocardial infarction, heart failure or stroke. There is
inadequate information about the prognoestic significance of NGAL in patients after MI or HF. Also
no data was found about their comparison or interaction with natriuretic peptides exists
(Malek, 2012).

Some studies reported that patients with heart failure (Damman et al., 2008; Poniatowski et al.,
2009), coronary artery disease (Chor ef al, 2008; Zografos et al., 2009) and stroke
(Elneihoum et al., 1996; Anwaar ef al., 1998) had increased levels of urine, serum, or plasma
NGAL. In ancther study, Zografos et al. (2009) found that serum NGAL levels were significantly
higher in the presence of coronary artery disease and well correlated with the severity of the
disease. Daniels ef al. (2012) found that both the NGAL and NT-pro BINF levels were associated
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with cardiovascular death, all-cause mortality and the combined cardiovascular outcome
independent of one ancther. Other investigators reported that NGAL is hyper-expressed in the
myocardium following myocardial infarction (Hemdahl ef al., 2006; Yndestad et al., 2009). The
combination of NGAL with the MMP-9 and its ability to enhance the proteclysis activity of MMP-9
may suggest the role of NGAL as an active mediator of acute coronary syndromes and their
complications (Yan et al., 2001).

Lindberg et al. (2012) in a study of 584 patients with STEMI found that patients with high
NGAL had increased risk of all-cause mortality and Major Adverse Cardiovascular Events (MACE)
as compared with patients having low NGAL levels. They also concluded that high plasma NGAL
independently predicts all-cause mortality and MACE in ST-segment elevation myocardial
infarction patients treated with primary percutaneous coronary intervention. Their findings are
in agreement with the present study findings, because in this study patients with high NGAL
showed more cardiovascular complications and in-hospital death than those with low NGAL level.
It was also noted that high NGAL level is a strong predictor for in-hospital adverse events and
mortality as well as strongly correlates with death, acute pulmonary edema, cardiogenic shock and
recurrent angina parallel to this study results. Akcay et al. (2012) in a study of one hundred six
consecutive patients with STEMI found that in-hospital and 1-year major adverse cardiovascular
event rates were significantly higher in the high-NGAL group as compared to the low NCAL group.
These data might. prove the prognoestic value of NGAL in patients with STEMI. It might also prove
that NGAL can be a useful tool in clinical practice to stratify patients with STEMI. Also it will help
to identify those who will develop in-hospital complications and adverse events which might benefit
from early intervention. Therefore, It is important to recognize that the timing of biomarker
measurement. has important impact on the ability of NGAL to predict the cardiovascular
complications in patients with STEMI.

CONCLUSION

Cardiovascular death and in-hospital complications were significantly higher in patients with
high levels of NGAL than those with low levels of NGAL. Therefore, NGAL is a novel biomarker,
easy and rapid to measure and might prove to be a useful tool for predicting cardiovascular
complications in patients with acute myccardial infarction. It might help in the management and
risk stratification in patients with STEMI. The study findings showed a potential for an expanded
study with multicenter collaborations and long term follow-up with several measures of NGAL
levels needed to identify the proper timing of measuring NGAL in order to improve its prognostic
value in patients with STEMI.
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