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Background  Stroke (cerebrovascular accident) has for long been a global burden in 
terms of its morbidity and mortality. Serum levels of cardiac enzymes such as creatine 
kinase-MB (CK-MB) component, troponin T, and brain natriuretic peptide have been 
found to be elevated among the patients with stroke and also serve to prognosticate 
these patients. The serum levels of these enzymes correlate directly to the severity of 
stroke in these patients.
Objective  Elevated cardiac enzymes among patients with acute cerebrovascular 
accidents are not uncommon despite the patients not having any cardiac problems. 
We aimed to identify the occurrence of elevated cardiac enzymes among patients with 
acute stroke and their correlation with the severity of stroke.
Materials and Methods  Our study included 100 patients of acute stroke with no 
previous history of cardiac ailments. Serum levels of troponin I and CK-MB were 
analyzed among these patients using enzyme-linked immunosorbent  assay method 
within the first 2 hours of admission. Patients outcome during the hospital stay were 
analyzed. Stroke severity was assessed using the National Institute of Health Stroke 
score (NIHS score) and the modified Rankin Score (mRS). The cardiac enzyme levels 
were correlated with these scores.
Results  Twenty-eight percent of patients had elevated troponin I, while 72% patients 
had normal levels with the mean values of 10.36 to 106.54 ng/mL and 0.00 to 0.02 ng/
mL, respectively. CK-MB levels were found elevated among 14% patients and nor-
mal among 86% patients with mean values of 5.8 to 124.36 and 0.0 to 4.3 ng/mL, 
respectively. Among the six patients who succumbed to death, three patients had 
increased troponin I and four had elevated CK-MB. NIHS scores of 21.0357±6.79 and 
105.277±5.564 were seen in patients with elevated and normal troponin I, whereas 
NIHS scores of 20.4285±8.658 and 11.8721±9.273 were seen among patients with 
increased and normal CK-MB, respectively. The mRS scores were 4.3214±0.367, 
2.4305±1.374, 4.2143±1.412, and 2.756±1.749 ng/mL among the patients with ele-
vated and normal troponin I and CK-MB, respectively.
Conclusion  The mean values of cardiac enzymes troponin I and CK-MB were higher 
among patients with higher scores of NIHS and mRS. Among them, troponin I was very 
significant and it may serve as an early biomarker for the severity of stroke and hint on 
early cardiac evaluation among these patients.
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Introduction
Cerebrovascular accident also called stroke can be defined 
as a syndrome of abrupt onset of focal neurological deficits 
due to altered vascularity, causing ischemia or hemorrhage, 
resulting in complete or incomplete loss of brain functions. 
The devastating consequences of stroke make it a concerning 
issue.1 The World Health Organization foresees stroke as an 
imminent reason of disability and mortality in 2020.2 Early 
identification of stroke-related morbidity and mortality may 
help to reduce the mortality and improve the functional 
outcome by improvising newer and prompt management 
strategies in the at-risk population.3 Alterations in the cen-
tral nervous system metabolism have long been known to 
influence the cardiac functions.4 Cardiac changes that hap-
pen in the stroke patients are firmly related to the excessive 
sympathetic nervous system activation that occurs as a result 
of damage to the insular cortex.5 Cardiac biomarkers such as 
troponin T and creatine kinase-MB (CK-MB) have also shown 
to increase in some patients with acute cerebrovascular acci-
dent without any cardiac injury.6

In an acute cerebrovascular accident, the presence of ele-
vated cardiac enzymes could be either a secondary cardio-
embolic complication in a patient with primary myocardial 
injury or the myocardial injury could be a secondary insult in 
a patient with primary cerebral ischemia. Central activation 
of the sympathoadrenal system is known to occur in some 
cases of acute cerebrovascular accidents that could result 
in cardiac sequalae such as cardiac myocytolysis, elevation 
of cardiac enzymes, and arrhythmogenic disturbances.7 The 
brain has the CK-BB subunit; this can also explain the pos-
sible brain damage-induced secondary rise of CK-MB.8 Our 
study was aimed at estimating biomarkers namely troponin 
I and CK-MB among victims of acute cerebrovascular acci-
dents without prior cardiac ailments.

Materials and Methods
Conducted in a South Indian hospital with referral stan-
dards, the project spanned duration of 18 months from April 
2017 to September 2018. We included 263 patients admit-
ted with acute cerebrovascular accidents among whom 161 
patients were excluded due to either previous history of car-
diovascular disease, electrolyte abnormalities, or previously 
documented abnormalities in the electrocardiograms (ECG) 
of these patients, while two patients did not consent to be 
involved and 100 of them were studied further. The com-
mencement of the study was preceded by due approval by 
the ethics committee. A detailed history of the complaints, 
general and systemic examination were recorded in a pre-
structured proforma along with the basic blood investi-
gations, ECG changes, cardiac biomarkers, and the type of 
stroke in neuroimaging. National Institute of Health Stroke 
Score (NIHS) and the modified Rankin Score (mRS) were used 
to assess stroke severity (the abbreviations cannot be mod-
ified). The state of stroke sufferers was noted at the end of 
their hospital stay. The correlation between the scores calcu-
lated and the cardiac enzymes was further analyzed.

Statistics
SPSS Software version 21 was employed to analyze the vari-
ables. Categorical variables were given as frequencies; the 
same were analyzed by chi-squared or Fischer’s exact test. 
The tests were two sided and a p-value less than 0.05 was 
considered statistically significant.

Results
The study had 100 patients with stroke. Ischemic stroke 
was more common among our study population (78%) than 
the hemorrhagic stroke. Twelve percent of our patients 
were less than 40 years of age and the incidence of isch-
emic stroke among them was significantly higher (p-value 
0.007). Males were two times more commonly involved 
than the females (2.03:1). Type 2 diabetes mellitus was the 
commonest comorbid condition (p-value 0.034) compared 
with systemic hypertension and dyslipidemia. Similarly 
smoking had a strong association with the stroke occur-
rence (p-value 0.004) compared with alcohol consump-
tion. Elevated systolic and diastolic blood pressure were 
significantly associated with hemorrhagic stroke (p-value 
<0.001).

Troponin I levels were found to be elevated among 28% of 
our study group compared with 14% patients having elevated 
CK-MB. The mean values of troponin I levels were 10.36 to 
106.54 ng/mL and 0.00 to 0.02 ng/mL among the elevated and 
normal groups, whereas CK-MB levels were 5.8 to 96.73ng/mL  
and 0.0 to 4.3 ng/mL among the elevated and normal groups, 
respectively.

The correlation of the common clinical parameters with 
normal or elevated troponin I and CK-MB is presented in 
►Table  1. Higher age groups were significantly associated 
with elevated cardiac enzymes. Similarly, we observed that 
the high values of troponin I and CK-MB had a strong asso-
ciation with worrisome NIHS and mRS scores at admis-
sion, prolonged hospital stay, and evidence of regional wall 
motion abnormality on two-dimensional (2D) echocardio-
gram. However, increased troponin I levels were seen among 
patients with higher diastolic blood pressures.

►Table  2 compares the NIHS scores among individuals 
with elevated and acceptable levels of troponin I and CK-MB. 
There was a strong correlation between higher NIHS scores 
with elevated cardiac enzymes. ►Table 3 correlates the mRS 
scores to the elevated and normal levels of troponin I and 
creatine phosphokinase-MB (CPK-MB) among the stroke 
patients. Higher mRs scores were associated with elevated 
levels of cardiac enzymes.

►Table  4 shows the mean NIHS and mRS scores among 
the patients with elevated and normal levels of troponin 
I and CK-MB that were statistically significant (p-value 
<0.001). ►Table  5 presents the comparison of parameters 
among patients with elevated troponin I and CK-MB levels 
that highlights troponin I elevation as a more significant car-
diac enzyme to be associated with patients with acute stroke. 
Left ventricular hypertrophy (LVH) was strongly associated 
with patients having elevated troponin I levels.
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ECG changes were noted among 73% of study patients.  
T inversions were the commonest (54%) finding followed by 
ST depression, ST elevation, and others such as sinus tachy-
cardia and bradycardia, bundle branch block both right and 

left, multifocal atrial tachycardia, ventricular arrhythmia, and 
LVH. ST depression changes on the ECG were strongly associ-
ated with elevated troponin I and CPK-MB (p-value 0.000). All 
the patients with elevated cardiac enzymes had ECG changes.

Table 1   Comparison of characteristic among troponin I and CPK-MB-positive and -negative individuals

Characteristic Troponin I CPK-MB

Elevated Normal p-Value Elevated Normal p-Value

Age (mean ± SD) 73.17 ±7.25 58.84 ±13.66 0.0176 70.45 ±6.876 58.26 ±12.984 0.0239

Sex Male 16 51 0.542 8 59 0.586

Female 12 21 0.694 6 27 0.763

Systolic blood pressure 182.6±26.5 154.2±24.8 0.254 174.98±38.46 152.74±32.64 0.476

Diastolic blood pressure 98.67±18.8 90.3±19.7 0.048 94.82±18.62 93.58±19.38 0.521

NIHS at admission 18–25 6–16 0.0126 12–25 6–23 0.0378

mRS at admission 4–5 1–4 0.0183 3–5 1–5 0.0467

Duration of 
hospitalization

12.116±3.158 9.783±2.562 0.0249 11.143±3.76 9.254±2.178 0.0285

Ischemic stroke 24 54 0.683 11 67 0.738

Hemorrhagic stroke 4 18 0.742 3 19 0.868

Mortality 3 3 0.564 4 2 0.0122

Left ventricular 
hypertrophy 
in Echo

+ 2 15 0.869 0 17 0.972

– 26 57 14 69

Regional 
wall motion 
abnormality 
on Echo

+ 22 7 0.0164 12 17 0.0182

– 4 67 2 69

Abbreviations: CPK-MB, creatine phosphokinase-MB; mRS, modified Rankin Score; NIHS, National Institute of Health Stroke; SD, standard deviation.

Table 2  Comparison of NIHS scores among patients with elevated and normal troponin T and CPK-MB

NIHS Score Troponin I CPK-MB

Elevated Normal Elevated Normal

0 – – – –

1–4 – – – –

5–15 – 66 1 65

16–20 14 6 5 15

21–42 14 – 8 6

p-Value <0.0001 0.2674

Abbreviations: CPK-MB, creatine phosphokinase-MB; NIHS, National Institute of Health Stroke.

Table 3  Comparison of mRS scores among patients with elevated and normal CPK-MB

Troponin I CPK-MB

Elevated Normal Elevated Normal

0 – – – –

1 – 2 – 2

2 – 39 – 39

3 – 30 3 26

4 19 1 5 10

5 9 – 6 3

6 – – – –

p-Value <0.0001 0.0783

Abbreviations: CPK-MB, creatine phosphokinase-MB; mRS, modified Rankin Score.
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Seventeen patients had evidence of concentric LVH, 
14 of them were known to have systemic hypertension, while 
three patients did not give any history of the same. Only 
three patients with elevated troponin I had LVH, while none 
with elevated CK-MB had LVH. Reduced ejection fraction 
(EF) was observed among 17 patients with elevated troponin  
I and 11 patients with elevated CK-MB. All the patients with 
reduced EF had evidence of regional wall motion abnormal-
ity on 2D echocardiography.

Discussion
Our study population had 67 men and 33 women participants 
with male-female ratio 2.03:1 that was similar to the studies 
by Nagaraja et al, Purushothaman et al, and Anand et al.9-11  
Genetic susceptibility, estrogen effects on cerebral circula-
tion, and lower blood pressure could all be the contributing 
factors for lower incidence of acute cerebrovascular accidents 
among the female population. Ischemic strokes were the 
commonest (78%) among our study population and slightly 
more than previous studies by Kumar et al and Kuruvilla and 
Barucha et al.12,13

In a setting of acute stroke, the myocardial injury either 
due to ischemic or nonischemic etiology will be associated 
with elevated cardiac enzymes and ECG changes, with or 
without echocardiographic abnormalities. However, the 

nonischemic cardiac causes were ruled out, while including 
the patient in the study. Further carotid–vertebral Doppler 
was performed in all the study patients to substantiate the 
atherosclerotic etiology.

Several studies have studied the cardiac biomarkers in 
stroke patients. Most of these studies were on troponin T and 
CK-MB. We attempted at studying troponin I that is more car-
diac specific and compared it with CK-MB. In a prospective 
study by Jensen et al, troponin T and CPK-MB were found to 
be elevated among 10 and 9% of acute stroke patients, respec-
tively, while 3% patients had both troponin T and CPK-MB 
elevated along with other ECG changes.14,15 In our study, 28% 
patients had elevated troponin I, 14% had elevated CPK-MB, 
9% had both troponin I and CPK-MB elevations and all the 
patients with elevated cardiac enzymes had ECG changes. 
These figures were slightly higher than those observed by 
Jensen et al,14,15 whereas in the study by Raza et al 8% patients 
had positive troponin I.16 Fure et al reported elevated tropo-
nin I among 9.6% patients.17 Barber et al found 17.6% of the 
study population to have elevated troponin I and the eleva-
tion was associated with higher age and increased creatinine, 
ECG changes, and stroke severity.5

The increased levels of cardiac biomarkers in patients 
with acute ischemic stroke could be due to myocytolysis in 
cardiac muscles that would happen secondary to the activa-
tion of sympathetic nervous system,18and probably increases 

Table 4   Mean NIHS and mRS scores among patients with elevated and normal troponin I and CPK-MB

No. of patients NIHS
(mean)

p-Value mRS
(mean)

p-Value

Troponin I Normal 72 10.5277 <0.001 2.4305 0.0034

Elevated 28 21.0357 4.3214

CPK-MB Normal 86 11.8721 <0.001 2.756 0.00467

Elevated 14 20.4285 4.2143

Abbreviations: CPK-MB, creatine phosphokinase-MB; mRS, modified Rankin Score; NIHS, National Institute of Health Stroke.

Table 5   Comparison of the baseline characteristic among patients with elevated troponin I and CPK-MB

Troponin I elevated CPK-MB elevated p-Value

No. of patients 28 14 0.0116

Age (mean ± SD) 73.17±7.25 70.45±6.876 0.0358

Sex Male 16 8 0.0116

Female 12 6

Systolic blood pressure 182.6±26.5 174.98±38.46 0.0413

Diastolic blood pressure 98.67±18.8 94.82±18.62 0.067

NIHS at admission 18–25 12–25 0.0238

mRS at admission 4–5 3–5 0.0572

Duration of hospitalization 12.116±3.158 11.143±3.76 0.0467

Ischemic stroke 24 11 0.0358

Hemorrhagic stroke 4 3 0.0794

Mortality 3 4 0.637

Left ventricular hypertrophy in Echo 2 – 0.001

Regional wall motion abnormality on Echo 22 12 0.0132

Abbreviations: CPK-MB, creatine phosphokinase-MB; mRS, modified Rankin Score; NIHS, National Institute of Health Stroke; SD, standard deviation.
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the systemic catecholamines due to damage to the insular 
cortex.5 The B subunit of CK-MB could indicate brain damage 
that exists there as CK-BB which could also be an explanation 
of its elevation.8 Serum CK-MB was observed to be elevated 
in acute stroke patients in a Turkish study.19 However, we 
had only two patients with insular cortex involvement in our 
study.

Elevation of noradrenaline and adrenaline preceded ele-
vation of CK-MB and troponin T in another study, which was 
associated with echocardiographic findings of new left ven-
tricular wall motion abnormality and decreased cardiac out-
put. High catecholamine levels in myocardium cause calcium 
overload in cardiac myocyte that impairs the cardiac con-
tractility and cardiac function due to disturbance in capillary 
perfusion caused by increased platelet aggregation.20

In the index study, regional wall motion abnormalities on 
2D echocardiogram were significantly associated with ele-
vated troponin I but not associated with elevated CK-MB. All 
of these patients also had depressed EF. The findings were 
distinctly dissimilar to the study by Darki et al who noted 
that regional wall motion abnormality was significantly 
associated with elevated troponin I and CPK-MB levels.21 
cTnI release was strongly associated with lower EF.22 Raza 
et al16 suggested the likely cause of low EF could be the 
post acute stroke surge in the sympathetic nervous system. 
The pathophysiology of depressed left ventricular EF in the 
setting of acute stroke is more likely due to sympathetic 
surge that leads to a transient decrease in the myocardial  
function.23

The underlying mechanisms in the myocardium mediat-
ing troponin I release differ from the mechanisms mediat-
ing CPK-MB release. The neurogenic influences could cause 
elevated CPK-MB without changes in troponin I. However, 
troponin I is found to be superior to CPK-MB in detecting 
early myocardial injury of both ischemic and nonischemic 
varieties. This makes it more likely that if a cardiac cause for 
CPK-MB elevation occurs then there would also be a concur-
rent elevation in troponin I levels.19,24,25

Anders et al proposed troponin I elevations without 
dynamic changes occur in stroke patients without acute 
coronary syndrome as a result of mechanisms stressing 
the heart.26 However, the magnitude of troponin elevation 
in patients with acute cerebrovascular accidents with-
out evidence of coronary occlusion is less than that seen in 
coronary artery occlusion causing acute myocardial infarc-
tion.22,27,28 Cardiac troponin I is superior to CPK-MB in both 
its sensitivity and specificity in detecting minor myocardial 
injury.19

The presence of LVH is an independent risk factor for tar-
get organ damage due to systemic hypertension.29,30 Having 
clinical and echocardiographic evidence of LVH takes a longer 
duration, suggestive of probable pre-existing cardiac prob-
lems among some of these patients. The presence of LVH in 
patients with stroke doubles the risk of recurrent cerebro-
vascular accidents.31 Concentric LVH was observed among 
17 patients in our study group. Only three patients with ele-
vated troponin I had evidence of LVH but among none with 
elevated CK-MB.

The severity of stroke as predicted by higher NIHS and mRS 
scores was significantly associated with elevated troponin I 
and CPK-MB levels. This was in contrast to the observations 
made in some of the previous studies that showed severe 
strokes to be strongly correlated with elevated troponin I 
and not with CPK-MB.14,32 The mean NIHS scores were higher 
among patients with elevated troponin I but not among 
those with increased CPK-MB. This implies that patients with 
increased troponin I had more severe forms of strokes than 
those with normal troponin I values. But CPK-MB could not 
show such correlation.3,32-34

Elevated troponin I was a better predictor of morbidity 
(duration of hospital stay) than elevated CK-MB in our study. 
Significant changes in mortality with elevated troponin I were 
not observed in our study, which was in strong disagreement 
with the observations of James et al, who concluded elevated 
troponin on admission in patients with acute stroke as a 
strong predictor of mortality and poor prognosis35; Fure et al,  
who demonstrated poor outcomes over short-term among 
patients with elevated troponin T17 and Raza et al, who con-
cluded elevated troponins predict long-term cardiac out-
comes among patients with acute stroke with no evidence of 
cute coronary event.16

The study results raise the debate whether routine check-
ing of cardiac enzymes in acute stroke patients should be 
performed or not. Etgen et al did serial measurements of 
cTnT and cTnI at admission on day 1 and day 2. They observed 
that 7.8% had highest troponin level on day 2 and 4.6% had 
highest level on day 3; thus, they recommended that routine 
measurement of troponin had no significant contribution in 
the evaluation of acute stroke patients.7 The American Stroke 
Association36 does recommend customary measurement of 
the cardiac biomarkers, while the Scottish Intercollegiate 
Guidelines Network37 and the National Institute of Clinical 
excellence-based UK acute stroke guidelines38 do not rec-
ommend this. Cardiac troponin levels may be useful among 
patients with acute stroke who may need early coronary 
artery disease evaluation for secondary prevention.27

Limitations
We did not include healthy control group, which could 
have helped us comparing the mean values of troponin I 
and CPK-MB among acute stroke patients and the controls. 
The sympathetic nervous activity was not studied as it was 
beyond the scope of the present study.

Conclusion
Higher levels of cardiac enzymes in patients of acute cerebro-
vascular accidents without previous history of cardiac dis-
ease are significantly correlated with the severity of stroke. 
These patients need to be considered for early coronary eval-
uation post stroke. However, routine screening of these car-
diac enzymes in the patients with stroke is not required but 
can be considered when there are ECG changes or evidence of 
reduced EF with or without regional wall motion abnormali-
ties on echocardiogram.
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