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for treatment and prognosis in acute ischemic stroke.[2] 
Therefore, present study was done to assess pattern and 
prognostic values of plasma N-terminal pro-brain natriuretic 
peptide (NT-proBNP) in patients with acute ischemic stroke.

Materials and Methods

Consecutive adult patients admitted to neurology department 
between May 2011 to December 2012 with first episode of 
acute ischemic stroke presenting within 24 hours of onset were 
screened for eligibility for inclusion in the study. The diagnosis 
of acute ischemic stroke was based on clinical examination and 
confirmed with computed tomography (CT) and magnetic 
resonance imaging (MRI). Patients who were older than 80 years, 
patients with acute coronary syndromes, heart failure, valvular 
heart disease, atrial fibrillation, poor echocardiographic window, 
intracerebral bleed, cardioembolic stroke, previous stroke 
or transient ischemic attack (TIA), renal or liver failure, and 
patients developing fever after onset of stroke were excluded. 
Institutional Ethical Committee clearance was obtained for 
conducting the study. Written informed consent was obtained 

Introduction

Acute ischemic stroke besides being a medical emergency 
is a significant social and economic problem as well.[1] Brain 
natriuretic peptide (BNP), which has diuretic, natriuretic, and 
vasodilatory effects, is a peptide-structured neurohormone 
released from cardiac ventricles in response to volume 
and pressure loads. Its role in diagnosis and treatment of 
cardiovascular diseases is well-reported, but less is known 
regarding its use in the diagnosis of ischemic stroke. In view of 
high mortality and morbidity associated with it, non-neurologic 
variables affecting stroke outcome are emerging to be important 
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from all patients or from next responsible attendant in case the 
patient is unconscious for participation in study.

In all patients, a detailed history was obtained and a thorough 
physical examination including detailed neurological examination 
was carried out. Patients were categorized according to Glasgow 
Coma Scale (GCS) score, to have mild (GCS 13-15), moderate 
(GCS 9-12), and severe (GCS ≤8) degree of altered sensorium.[3] 
Neurological impairment was evaluated using National Institutes 
of Health Stroke Scale (NIHSS) score[4] done within 24 hours of 
admission and again on day 7. An NIHSS score of 0-6 carries a 
good prognosis, while a score of 7-15 carries an intermediate 
prognosis and a score of 16-42 carries a bad prognosis.[5]

All patients underwent following laboratory investigations: 
Complete hemogram, serum biochemistry, lipid profile, 
coagulation profile,  serological testing for human 
immunodeficiency virus (HIV), vasculitis screening 
(where indicated), and urinalysis. Plasma NT-proBNP was 
measured using an automated electrochemiluminescence 
immunoassay (sandwich method) with an analytical range 
of 60-3000 pg/mL (7.09-354.73 pmol/L) within 24 hours of 
admission and on day 7 of admission; 1 mL of peripheral 
venous blood sample collected in ethylene diamine 
tetraaceticacid (EDTA) vial was kept at room temperature, 
and analyzed within 4 hours of sample collection as per the 
manufacturer’s instructions (COBAS H 232 analyzer, Roche 
diagnostics GmbH, Mannheim, Germany).[6]

All patients underwent CT (Siemens Somatom Emotion 
Spiral CT Scanner, Muenchen, Germany), MRI (Siemens 
Symphony Maestro class MRI Scanner, Muenchen, Germany), 
and magnetic resonance angiography (MRA) of brain; the 
neuroradiologist and the neurologist together evaluated all 
images and opined on the same. The subjects were divided 
into three groups according to the size of infarction observed 
on MRI into: large (>10 cm3), medium size (4-10 cm3), and 
small infarction groups (<4 cm3).[7] Severe mass effect was 
defined as the presence of ventricular shift across the midline 
and/or enlargement of contralateral ventricle on MRI or CT.[8] 
Chest radiograph, electrocardiogram (ECG), two-dimensional 
echocardiogram (2D-ECHO) (IE 33 ECHO Philips medical 
systems, USA), and Doppler ultrasonography (Siemens Medical 
Solutions USA Inc., Mountain view, CA 94043, USA) of the 
carotid and vertebral arteries were done in all patients.

Further course of illness during hospital admission was assessed 
by progression of presenting complaints, neurological deficits, and 
their assessment by NIHSS throughout the period of admission, 
on day 7, and at the time of discharge from the hospital.

Statistical analysis
Data were recorded on a predesigned proforma and managed 
using Microsoft Excel 2010 (Microsoft Corp, Redmond, WA). 
All the entries were double-checked for any possible error. 
Descriptive statistics for the categorical variables were performed 
by computing the frequencies (percentages) in each category. 
For the quantitative variables, variables following normal 
distribution were summarized by mean and standard deviation. 
Correlation between plasma NT-proBNP, NIHSS, and other 
parameters was studied using Pearson’s correlation coefficient.

As the NT-proBNP values were not normally distributed, log-
transformation was undertaken. Log transformed NT-proBNP 
values at the time of initial presentation and on day 7 were used 
for analysis. Statistical analysis for intergroup differences was 
carried out using the independent sample t-test, paired t-test 
and one-way analysis of variance (ANOVA) for continuous 
variables and Chi-square for categorical variables. Receiver 
operating characteristic (ROC) method was used to define the 
optimal cut-off values of baseline log NT-proBNP and baseline 
NIHSS score for predicting mortality in patients presenting 
with acute stroke. A P - value less than 0.05 was considered 
to be significant. Statistical software IBM Statistical Package 
of Social Sciences (SPSS) Statistics 20, (IBM SPSS Statistics, 
Somers NY, USA); and MedCalc Version 11.3.0 for Windows 
2000/XP/Vista/7 (MedCalc Software bvba, Belgium) were used 
for statistical analysis.

Results

During the study period, 237 patients with acute ischemic stroke 
were screened. Of these, 163 were excluded for various reasons 
and 74 patients were studied [Figure 1]. Their mean age was 
54 ± 13.5 years; there were 49 men. Hypertension (65%) followed 
by tobacco smoking (46%), hyperlipidemia (29%), and diabetes 
mellitus (28%) were major risk factors. As per GCS score, severity 
of altered sensorium at presentation was mild, moderate, and 
severe in 35 (47%), 24 (33%), and 15 (20%), respectively.

A statistically significant negative correlation was observed 
between log NT-proBNP and baseline GCS score (P < 0.001); and 
a positive correlation was observed between log NT-proBNP 
and NIHSS score (P < 0.001) [Table 1]. Patients with severe 
degree of altered sensorium as per GCS score had a significantly 
higher levels of log NT-proBNP levels (P < 0.001) and NIHSS 
score in comparison with those with moderate and mild degree 
of altered sensorium (P < 0.001).

Figure 1: Study design and patient enrollment
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On imaging studies, majority of patients (n = 42; 57%) had large 
infarction followed by medium-sized (n = 13; 17%) and small 
(n = 19; 26%) infarction. One-way ANOVA revealed that patients 
with a NIHSS score of 17–42 had a statistically significant higher 
levels log NT-proBNP levels (P < 0.001). Patients with a large 
infarct had a statistically significant higher levels of log NT-
proBNP as compared to those with medium and small infarcts 
(6.18 ± 0.55 vs. 5.61 ± 0.58 vs. 4.68 ± 0.45; F =13.163; P < 0.001).

Most of the patients (n = 59; 80%) received medical management 
and 14 (19%) required additional surgical measures like 
decompressive craniectomy. Eighteen patients (24.3%) died 
during the hospital stay. Of these, 5 died within 7 days and the 
remaining 13 patients died after 7 days of admission.

Comparison of demographic parameters, risk factors, stroke 
type, and clinical and laboratory parameters among alive 
(n = 56) and dead (n = 18) patients with acute ischemic stroke 
is shown in Tables 2 and 3. Hyperlipidemia was evident in a 
higher proportion of patients who died compared with those 
who were alive (12 vs. 17; P = 0.001). Patients who died had 
worsening course of illness (P = 0.001), lower mean GCS score 
(P = 0.002); larger infarct size (P = 0.004); and evidence of mass 
effect (P < 0.001). Even though the baseline log NT-proBNP 
level was higher among patients who died compared with 
those who were alive, this difference had borderline statistical 
significance (P = 0.06). However, the day 7 log NT-proBNP level 
was significantly higher in patients who died compared with 
those who were alive (P < 0.001). There was no statistically 
significant difference in the other parameters compared.

In the patients who were alive, there was a statistically 
significant decline in log NT-proBNP levels from baseline to 
day 7 (5.3710 ± 0.620 vs. 4.5320 ± 0.451; P < 0.001). In contrast, 
the opposite was observed among patients who died where 
the log NT-proBNP levels showed a statistically significant 
increase from baseline to day 7 (6.5322 ± 0.451 vs. 7.2992 ± 0.263; 
P < 0.001).

The ROC curve and interactive dot-diagram for calculating the 
optimal cut-off value of log NT-proBNP in predicting death is 
shown in Figures 2 and 3. At a cut-off value log NT-proBNP 
of greater than 6.0661, the sensitivity and specificity were 98.2 
and 88.9, respectively.

Discussion

As no currently validated serum biomarkers are available for 
prognostication in acute ischemic stroke, we evaluated the widely 
available, rapidly measured biomarker NT-proBNP. As cardiac 
abnormalities are known to result in increased NT-proBNP 
production by the heart,[9] care was taken in the present study to 
exclude ischemic stroke patients with cardiac abnormalities to 
ensure that these factors did not influence the NT-proBNP levels. 
The present study is the first of its kind to carefully exclude all 
patients with cardiac abnormalities while examining the association 
between serum levels of NT-proBNP and stroke outcome.

The mean age at presentation and gender distribution observed 
in the present study were similar to other reports.[10-12] While 
cardioembolic stroke constituted a major risk factor in some 

Table 1: Correlation matrix showing correlation between 
NT-proBNP, NIHSS, and other parameters

Variable Age SBP DBP GCS NIHSS Log BNP
Age 1
SBP 0.337 1

(0.003)
DBP 0.240 0.706 1

(0.039) (0.000)
GCS 0.083 0.079 0.159 1

(0.484) (0.504) (0.175)
NIHSS 0.007 –0.001 –0.073 –0.661 1

(0.953) (0.992) (0.534) (0.000)
NT-proBNP –0.009 –0.134 –0.187 –0.688  0.891 1

(0.937) (0.255) (0.110) (0.000) (0.000)

SBP = Systolic blood pressure, DBP = Diastolic blood pressure, 
NT-proBNP = Log N-terminal pro-brain natriuretic peptide, GCS = Glasgow 
coma scale; NIHSS = National Institutes of Health Stroke Scale

Table 2: Comparison of demographic parameters among 
alive and dead patients with acute ischemic stroke

Variable Alive  
(n = 56)

Dead  
(n = 18)

P - value

Age (years) 53.41±12.7 55.78±15.8 0.108
Gender

Men 38 11
Women 18 7 0.775

Vascular risk factors
Hypertension

Yes 38 10
No 18 8 0.400

Diabetes
Yes 18 3
No 38 15 0.245

Smoking
Yes 24 10
No 32 8 0.420

Hyperlipidemia
Yes 17 12
No 38 3 0.001

Stroke subtype (TOAST)[14]

Large vessel disease 34 16
Cardioembolism 0 0
Small vessel disease 13 0
Others (Determined) 1 0
Others (Undetermined) 8 2 0.102

studies[11,13] none of the patients in the present study had 
cardioembolic stroke as this was an exclusion criterion. 
According to Trial of Org 10172 in Acute Stroke Treatment 
(TOAST) classification of etiologyof stroke subtypes,[14] majority 
of patients (67%) had large vessel disease. However, in other 
studies from Europe[13,15] and Japan,[16] the prevalence of large 
vessel stroke was lower ranging from 8% to 30%. This may 
probably reflect the prevalence of atherosclerosis in the present 
study subjects.

We observed a statistically significant negative correlation 
between GCS and log NT-proBNP (P < 0.001). Furthermore, 
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patients with severe degree of altered sensorium had a 
statistically significantly higher levels of log NT-proBNP levels 
(P < 0.001) and NIHSS scores (P < 0.001) in comparison with 
those with moderate and mild degree of altered sensorium. 
The probable reason might be due to the massive size of infarct 
with significant mass effect which usually leads to poor GCS 
with severely altered sensorium.

In the present study, patients with a large infarct had a 
statistically significant higher levels of log NT-proBNP as 
compared to those with medium-sized and small infarcts 
(P < 0.001). Log NT-pro-BNP level in the context of acute 
stroke may reflect volume expansion or pressure overload 
in which the resulting stress in the vessel wall initiates 
the synthesis of natriuretic peptides in the ventricular 
myocardium.[17] So, these observations reflect the fact that 
larger the infarct size, more the pressure overload and wall-
stress leading to increased synthesis of natriuretic peptides 
in ventricular myocardium. Patients with a large infarct also 
had a significantly higher NIHSS score as compared to those 
with medium-sized and small infarcts (P < 0.001). This is due 
to the fact that larger the size of infarct, more neurological 
deficits will occur which leads to higher NIHSS score. Similar 
results were reported in another study[12,18] where a significant 
correlation of infarct size with NT-proBNP levels and NIHSS 
was reported.

Regarding outcome, in-hospital mortality was slightly high 
(24.3%) compared with previous studies.[10-13,17] Ours being 
a tertiary care hospital, most of the patients will be referred 
from other hospitals. In the present study, hyperlipidemia 
emerged as a significant predictor of death in patients with 
stroke; other variables were comparable. The size of the infarct 
also predicted death (P = 0.004). As reported in a study from 
Okayama, Japan,[19] a higher proportion of patients with mass 
effect had died (P < 0.001) in the present study. Although in 
other studies age at presentation[17,20] and blood pressure values 
at initial presentation[12,21] were found to be predictors of death, 
this was not evident in the present study. Selection bias because 

Table 3: Comparison of clinical and laboratory parameters 
among alive and dead patients with acute ischemic stroke

Variable Alive (n = 56) Dead (n = 18) P value
Course of illness

Improving 11 0
Worsening 25 17
Stuttering 0 0
Static 20 1 0.001
SBP 148.75±23.2 148.61±25.2 0.6
DBP 89±13.1 83.9±9.8 0.45
NIHSS 10.52±3.3 15.8±3.33 0.661
GCS 12.5±2.7 8.4±1.6 0.002
NT-proBNP 
(pg/mL) at 
admission

233.5 (145.25-379.5)† 769 (660-1097)† <0.001

NT-proBNP 
(pg/mL) on 
day 7

78 (60-133.25)† 1591 (1171-1842)*† <0.001

Log NT-proBNP 
(pg/mL) at 
admission

5.37±0.62 6.7±0.47 0.06

Log NT-proBNP 
(pg/mL) on 
day 7

4.5±0.45 7.3±0.26* <0.001

Size of Infarct
Large infarction 26 16
Medium 
infarction

11 2

Small infarction 19 0 0.004
Mass effect on 
imaging

No mass effect 35 0
Mass effect at 
admission

9 9

Mass effect 
within 7days 
of admission

12 9 <0.001

*5 patients died within 7 days of initial presentation and therefore did 
not undergo NT-proBNP levels testingon day 7, † expressed as median 
(IQR); SBP = Systolic blood pressure, DBP = Diastolic blood pressure, 
NT-proBNP = N-terminal pro-brain natriuretic peptide, GCS = Glasgow coma 
scale, NIHSS = National Institutes of Health Stroke Scale

Figure 2: Receiver operator characteristic (ROC)-curve along 
with 95% confidence bounds for calculating the cut-off value 
of log N-terminal pro-brain natriuretic peptide (NT-proBNP) in 
predicting the outcome: Area under the ROC-curve = 0.979; 
standard error = 0.0153; 95% confidence intervals = 0.914 to 0.998; 
z-statistic = 31.346; significance level P (Area = 0.5) = 0.0001

Figure 3: Interactive dot diagram for log N-terminal pro-brain 
natriuretic peptide (NT-proBNP) values observed among alive 
and dead patients with acute ischemic stroke. The horizontal 
line depicts the cut-off value
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of the present study being a hospital-based study could be 
possible reason for this discordance.

In survivors, there was decline in log NT-proBNP levels from 
baseline to day 7 while among non-survivors an increase was 
observed in log NT-proBNP levels from baseline to day 7. This 
probably reflects the increase in the size of infarct or mass effect 
which led to an increase in NT-proBNP levels by day 7. Our 
observations suggest that by watching for an increasing trend 
in the NT-proBNP levels from the baseline, outcome can be 
predicted and this can facilitate institution of appropriate care 
and timely intervention.

Though baseline log NT-proBNP levels were higher among 
non-survivors, compared with survivors, this difference did 
not attain statistical significance (P = 0.06). However, log 
NT-proBNP levels done on day 7 were significantly higher 
among non-survivors, compared with survivors (P < 0.001). 
In the present study, ROC-curve analysis revealed that log 
NT-proBNP value of 6.0661 or more had a sensitivity of 98.2 
and specificity of 88.9 in predicting death in patients presenting 
with acute stroke.

Our study demonstrates the utility of NT-proBNP to predict 
mortality in patients presenting with acute stroke. Similar 
observations were reported in other studies.[10-13,17,21-23] 
Prognostic value of natriuretic peptides have previously 
been described in patients with heart failure, acute coronary 
syndromes, and general population, and is being used as a 
cardiac biomarker in predicting adverse cardiac outcomes. 
This study suggests a further application of NT-proBNP in risk 
stratification of stroke patients.

Data regarding levels of BNP after acute ischemic stroke are 
lacking. Increased sympathetic activity after stroke leads to 
activation of RAAS and endothelial signal pathways, abnormal 
accumulation of calcium, release of inflammatory cytokines, 
oxidative stress, and mechanical stress leading to increased 
catecholamine release. Increased catecholamines cause toxic 
effects on myocardium leading to contractile dysfunction, 
necrosis in cardiac myocytes, and apoptosis. All these factors 
ultimately lead to myocardial stress. The resulting myocardial 
wall stress initiates synthesis of natriuretic peptide in the 
ventricular myocardium and also in brain tissue.[10,24] The 
more damage sustained as indicated by severity, the poorer 
the outcome reflected by increased release of NT-proBNP. 
Natriuretic peptide system is suggested to have a role in 
mechanism of atherosclerotic plaque formation in coronary 
arteries. The severity of coronary artery disease is reported 
to correlate with natriuretic peptide levels. These findings 
imply that the severity of atherosclerosis underlying the high 
natriuretic peptide levels might also account for the poor 
outcome of stroke patients.[25]

Diagnostic applications of NT-proBNP are emerging in recent 
years. While normative data have been reported in an earlier 
study,[26] there is a need to derive and define normative data 
for NT-proBNP for various ethnic regions in the world for its 
wider applications. High NT-proBNP levels indicate more 
severe ischemic stroke, and this high NT-proBNP may be an 
index of occult cardiac impairment contributing to higher 

mortality. Therefore, estimation of that plasma NT-proBNP 
level at admission can be useful in predicting the outcome of 
patients with acute ischemic stroke.
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