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SUMMARY

O b j e c t i v e s: The association between acute ischemic strokes and cardiovascular disturbances has been estab-

lished previously. The insula of the right cerebral hemisphere may have a major role in cardiac autonomic con-

trol. We investigated if elevated troponin T (cTnT) and troponin I (cTnI), the specific biomarkers of cardiac dam-

age, are independent predictors of in-hospital mortality in right-sided stroke patients. 

Materials and Methods: Sixty-six patients with acute ischemic right hemispheric involvement who were admit-

ted to a university hospital during an eight-month period were included in this prospective observational clinical

study. The levels of cardiac biomarkers were measured and compared with the in-hospital mortality rates.  

Results: Hospital mortality was significantly higher in patients with cTnT>0.1 ng/ml (4 [44.4%] vs 5 [8.8%];

p=0.016) but not in patients with cTnI>1.5 ng/ml (3 [33.3%] vs 6 [10.5%]; p=0.098). Initial National Institute of

Health Stroke Scale (NIHSS) scores and Glasgow Coma Scale scores were also significantly higher in patients who

were dead in-hospital (median: 16 vs 6; p=0.00, and median: 11 vs 15; p=0.007, respectively). Logistic regression

analysis have revealed that elevated cTnT values and NIHSS scores at admission were independent predictors of

death in-hospital (p=0.04, [OR 0.03, 95% CI 0.0-0.8]; p=0.046, [OR 2.8, 95% CI 1.082-7.433, respectively).

C o n c l u s i o n: We conclude that elevated CTnT, but not CTnI, may be an independent predictor of in-hospital mor-

tality in acute ischemic right-sided stroke patients.    
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ÖZET

Girifl: Akut iskemik inme ve kardiyovasküler sistemde meydana gelen de¤ifliklikler aras›ndaki iliflki daha önce

kan›tlanm›flt›. Sa¤ serebral heminsferde bulunan insula, kalbin otonomik kontrolünde önemli rol oynar. Bu

çal›flmada kardiyak hasar›n belirteçleri olan troponin T (cTnT) ve troponin I’n›n (cTnI) sa¤ serebral heminsfer

inmelerinde hastane içi mortaliteyi tahmin etmedeki etkinliklerini belirlemeyi amaçlad›k.

Gereç ve Yöntem: ‹leriye dönük olarak sekiz ayl›k periyotta bir üniversite hastanesinde gerçeklefltirilen bu

çal›flmaya sa¤ heminsferden kaynaklanan iskemik inme nedeniyle baflvuran 66 hasta al›nd›. Kardiyak belirteç

seviyeleri belirlenerek hastane içi mortalite ile iliflkisine bak›ld›. 

Bulgular: Hastane içi mortalite cTnT >0,1 ng/ml (4 [%44,4] ve 5 [%8,8]; p=0,016) olan hastalarda anlaml› olarak

yüksek iken, cTnI >1,5 ng/ml (3 [%33,3] ve 6 [%10,5]; p=0,098) olan hastalarda mortalite oran› yüksek olmas›na

ra¤men istatistiksel anlaml›l›k saptanmad›. Hastanede ölen hastalarda bafllang›ç National Institute of Health

Stroke Scale (NIHSS) ve Glasgow Coma Scale skorlar› anlaml› olarak daha yüksekti (median: 16 ve 6; p=0,00, ile

median: 11 ve 15; p=0,007, s›ras›yla). Lojistik regresyon analizinde bafllang›çtaki cTnT ve NIHSS skoru hastane içi

mortaliteyi belirlemede istatistiksel olarak anlaml› ba¤›ms›z de¤iflkenler olarak saptand› (p=0,04, [OR 0,03, %95
CI 0,0-0,8]; p=0,046, [OR 2,8, %95 CI 1,082-7,433], s›ras›yla). 

Sonuç: Sa¤ serebral heminsferden kaynaklanan inme nedeniyle baflvuran hastalarda cTnT hastane içi mortaliteyi

belirlemede anlaml› iken ayn› anlaml›l›k cTnI için geçerli de¤ildir. 

Anahtar sözcükler: Kardiyak troponin; mortalite; sa¤ heminsferden kaynaklanan inme.
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Introduction

Acute stroke is a neurological emergency characterized by
the sudden loss of circulation to an area of the brain, result-
ing in a corresponding loss of neurological function and
one of the major causes of long term morbidity and mortal-
ity. Cardiac biomarkers may increase in some patients with
acute stroke as a result of cardiac damage due to autonom-
ic dysfunction of sympthatetic cardiovascular tone.[1-5] On
the other hand, some others found no correlation between
cardiac troponins and outcomes following stroke.[6]

We aimed to assess whether raised cardiac troponin con-
centrations would be independent predictors of mortality in
patients with an acute ischemic right-sided stroke. 

Methods

Consecutive 89 patients with an acute right hemispheric
cerebral infarction within 24 hours after the onset of symp-
toms composed our study sample. During a six-month peri-
od, all stroke patients who were presented to the
Emergency Department were included in the study after the
Hospital Review Board’s approval. The informed consent
for the study was obtained from the patients or from their
relatives unless communication is optimal. 

We prospectively collected the patients’ data in terms of the
demographic characteristics such as gender, age, co-exist-
ing illness (hypertension, diabetes, coronary artery dis-
eases, renal diseases, etc.), and smoking habits, initial
blood pressures, pulse rates, The National Institutes of
Health Stroke Scale (NIHSS) scores, and Glasgow Coma
Scale (GCS) scores of the patients were recorded. NIHSS
and GCS were obtained on admission and performed by
experienced examiners. Also, initial electrocardiography
(ECG), chest X-ray, head computerized tomography, blood
glucose, blood urine nitrogen (BUN), creatine kinase (CK),
and creatine kinase-myocardial band (CK-MB) were
ordered for all patients at admission. Blood samples for
measuring cTnT and cTnI concentrations were collected in
18-24 hours after admission; serum samples were frozen at
-70°C unless the assay was completed within 4 hours.
CTnT was measured by electrochemiluminescence method
(Roche Diagnostics, Switzerland using Elecys-2010 sys-
tems) and cTnI levels were measured by chemilumines-
cence method (Chiron Diagnostics, USA using CIBA-
Corning, ACS-180 Analyzer). Serum concentrations over
0.1 ng/ml for cTnT and over 1.5 ng/ml for cTnI were
accepted as elevated results.[7] All patients with suspected

acute stroke were ordered head computerized tomography
during emergency department management and test results
were interpreted by a radiologist. Patients with diagnostic
radiological findings of acute cerebral right cerebral hemi-
spheric infarction were included. Patients with symptoms
mimicking right-sided stroke but without an evidence of a
computerized head tomography interpretation by a radiolo-
gist were excluded. None of the patients received throm-
bolytic therapy neither in emergency department nor during
their hospital course. Primary end point was in-hospital
mortality in 30 days for this study. In-hospital deaths due to
neurological causes (due to complication of the stroke)
were also included.

Statistical analysis of the results was calculated by SPSS
v11.0 for Windows, and student t-test Fisher exact test and
Mann-Whitney U-test were used for the statistical analysis.
All the hypotheses were constructed two tailed and a p
value of ≤0.05 was accepted as significant.

Results 

Eighty-nine patients with acute ischemic right-sided stroke
met the inclusion criteria during the study period. Eleven
patients without radiological confirmation, eight patients
who were lost to follow-up (transferred to another hospital)
and four patients with inadequate chart data (failure to
obtain initial blood tests for cardiac biomarkers) were
excluded from the study. Sixty-six patients with acute
ischemic right-sided stroke admitted to our prospective
observational clinical study.

Demographics 

There was no difference between the population mean ages
of the males and females (respectively, 70±9.17 vs
69±10.08; p=0.841). Of 66 patients admitted to the neurol-
ogy clinic, nine (13.6%) patients died during their hospital
course. There was no any significant relation between dead
and discharged patients according to their demographic
data.

Physical Examination and Laboratory Tests

Physical examination and laboratory findings were
insignificant but initial NIHSS and GCS scores. Initial
NIHSS scores and GCS scores between patients who were
dead in-hospital and discharged from the hospital were sta-
tistically significant (median: 16 vs 6; p=0.00, and median:
11 vs 15; p=0.007, respectively). 
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RELATION BETWEEN CARDIAC TROPONINS AND IN-HOSPITAL MORTALITY IN RIGHT-SIDED STROKE PATIENTS

Troponin T

Cardiac TnT concentrations were raised (mean, 0.696 ±
0.62 ng/ml) in nine (13%) of 66 patients. Baseline charac-
teristics of patients with elevated and normal cTnT values
at ED presentation were shown at Table 1. 

According to baseline characteristics mean age, total CK
values, CK-MB values, NIHSS and GCS scores were sta-
tistically significant in elevated CTnT group (p=0.014,
p=0.024, p=0.02, 0.003, 0.011 respectively). Cardiac TnT
elevations were statistically significant in-hospital deaths.
Also among the patients with higher cTnT concentrations
than 0.1 ng/ml, mean cTnT concentration was higher in-
hospital deaths according to discharged patients (Table 2,
p=0.016).

Troponin I

Cardiac TnI concentrations were raised (mean, 13.95±

16.72) ng/ml) in nine (13%) of 66 patients. Baseline char-

acteristics of patients with elevated cTnI at emergency

department presentation were shown at Table 3. 

According to baseline characteristics mean age, CK-MB

values, NIHSS and GCS scores were statistically signifi-

cant in elevated cTnI group (p=0.021, p=0.02, 0.024, 0.001

respectively). Although mean cTnI concentration was high-

er in patients who died in-hospital according to patients

who were discharged, mean cTnI concentration was statis-

tically insignificant among in-hospital deaths (Table 4,

p=0.098). 
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Table 1. Baseline characteristics at Emergency Department presentation for Tn T.

Characteristics at Emergency Department presentation Troponin T (ng/ml) Significance (p<0.05)

<0.1 ≥0.1

Total 57 (86%) 9 (13%)

Demographics Age (mean) 69±9.4 77±7.6 0.014 a

Male 29 (50%) 4 (45%) 1 b

Female 28 (50%) 5 (55%) 1 b

Risk factors for ACS Hypertension 35 (62.5%) 5 (55.6%) 0.730 c

Diabetes 20 (35%) 2 (22.2%) 0.706 c

Smoking 14 (25%) 3 (33.3%) 0.709 c

History of CAD 26 (46.4%) 6 (66.6%) 0.220 c

Past medical history Acute coronary syndrome 1 (1.7%) 1 (11.1%) 0.256 c

Transient ischemic attack 8 (14.2%) 0 0.586 c

Vital signs at any time in Sys BP >180 mmHg 12 (21.4%) 0 0.131 b

Emergency Department Dia BP >110 mmHg 10 (17.9%) 0 0.176 b

Respiratory Rate >20 32 (57.1%) 5 (55.5%) 1 c

Pulse <60  or  >100 15 (26%) 4 (44.4%) 0.267 c

Lab values at admission Total CK >200 U/L 6 (10.7%) 4 (44.4%) 0.024 c

CK-MB >25 U/L 19 (33.9%) 8 (88.8%) 0.02 c

Creatinine >1.5 mg/dl 11 (64.7%) 6 (35.3%) 0.07 c

Glucose >110 mg/dl 46 (82.1%) 7 (77.8%) 1 c

a: Student-t test; b: Mann Whitney U-test; c: Fisher exact test.

Table 2. Number of patients died in hospital or discharged according to Tn T elevations.

Tn T (ng/ml) Number of patients died in hospital Number of patients discharged Total

<0.1 5 (8.8%) a 52 (91.2%) a 57

(mean 0.01±0.00) (mean 0.01±0.015) (mean, 0.014±0.01)

>0.1 4 (44.4%) a 5 (55.6%) a 9

(mean 0.36±0.28) (mean 0.96±0.71) (mean, 0.696±0.62)

Total 9 (13.6%) a 57 (86.4%) a 66

p=0.016, Likelihood ratio=6.3, a row percentages.
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Outcome

Six factors that may predict death were assessed in a mul-
tivariate model. The post-hoc logistic regression analysis of
age, coronary artery disease, hypertension, cTnT values,
GCS scores at admission and NIHSS scores have revealed
that cTnT values and NIHSS scores at admission were
independent predictors of death in-hospital (p=0.04, [OR
0.03, 95% CI 0.0-0.8]; p=0.046, [OR 2.8, 95% CI 1.082-
7.433 respectively). There were no any statistically correla-
tions between two groups of subjects in terms of cardiac
arrhythmias, cigarette smoking, renal insufficiency and
transient ischemic attack when we applied the post-hoc
logistic regression analysis to other factors may predict in-
hospital mortality.

Discussion

The most common cause of death is cardiovascular disease
in acute stroke patients.[8] Relationship between stroke out-

come and several factors such as age, serum cortisol,
inflammatory markers, atherosclerotic profile, low GCS
score, NIHSS score, localization of the infarct area,
antithrombin III levels and region of the stroke particularly
in the right insula have been reported previously.[9 - 1 8]

Recently, several reports have been focused on predictive
value of cardiac biomarkers in patients with stroke.
Elevations in serum concentrations of cardiac troponins
may indicate a subtle cardiovascular disease in stroke
patients and an increase in mortality. In a recent study, it
was concluded that patients with right hemispheric
ischemic lesions are likely to have cardiac disturbances.[19]

It was concluded that the right insula especially plays a sig-
nificant role in central autonomic sympathetic cardiovascu-
lar control.[18,20] Hence, it is suggested that right middle cere-
bral artery infarction disinhibits insular function, resulting
in increased sympathetic cardiovascular tone and the car-
diac consequences of stroke.[21] These findings may explain
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Table 3. Baseline characteristics at Emergency Department presentation for Tn I.

Characteristics at Emergency Department presentation Troponin I (ng/ml) p

<1.5 ≥1.5

Total 57 (86%) 9 (13%)

Demographics Age (mean) 69±9.3 77±8.8 0.021 a

Male 27 (47.4%) 6 (66%) 1 b

Female 30 (52.6%) 3 (33%) 1 b

Risk factors for ACS Hypertension (+) 35 (61.4%) 5 (55%) 0.730 c

Diabetes 20 (35.1%) 2 (22%) 0.706 c

Smoking 15 (26.3%) 3 (33%) 0.709 c

Past history of CAD 24 (42.1%) 5 (55%) 0.220 c

Physical findings in Sys BP >180 mmHg 8 (14%) 1 (11%) 1 c

Emergency Department Dia BP >110 mmHg 9 (15.8%) 1 (11%) 1 c

RR >20 30 (52.6%) 6 (66%) 0.436 c

Pulse <60 or >100 14 (19.3%) 4 (44%) 0.106 c

Lab values at admission Total CK >200 U/L 7 (12.2%) 3 (33%) 0.130 c

CK-MB >25 U/L 20 (35%) 7 (77.7%) 0.02 c

Creatinine >1.5 mg/dl 9 (15.8%) 3 (33%) 0.220 c

Glucose >110 mg/dl 46 (80%) 8 (89%) 1 c

a: Student-t test; b: Mann Whitney U-test; c: Fisher exact test.

Table 4. Number of patients died in hospital or discharged according to Tn I elevations.

Tn I (ng/ml) Number of patients died in hospital Number of patients discharged Total

<1.5 6 (10.5%) a 51 (89.4%) a 57

(mean 0.22±0.13) (mean 0.18±0.13) (mean, 0.18±0.13)

>1.5 3 (33.3%) a 6 (66.6%) a 9

(mean 11.9±9.0) (mean 14.9±20.2) (mean, 13.95±16.72)

Total 9 (13,6%) a 57 (86,4%) a 66

p=0.098, a row percentages.



the relationship between stroke and cardiac disturbances so
that increased sympathoadrenal tone might be the major
cause of neurogenic cardiac damage as a result of damage
to cortical areas involved in cardiac and autonomic control. 

Also, no relation to morbidity and mortality was found for
cTnT and cTnI in 174 patients by Etgen et al. They report-
ed that lesion size, insular involvement, sex, age, and stroke
severity had significant impact on the outcome instead of
elevations of cardiac troponins in their study.

On the other hand, James et al. reported that cTnT concen-
tration at hospital admission was a powerful predictor of
mortality in 181 stroke patients.[22] Moreover, a positive cor-
relation between serum levels of cTnT and stroke volume
was reported in a recent study.[4] However the mains of that
study were to investigate predictive value of cTnT in
assessing myocardial injury and cardiac dysfunctions in
different types of stroke so that they could not make a con-
clusion on the relation between cTnT concentrations and
mortality.

Christensen et al. reported that elevations of cTnI concen-
trations were positive in 35% of all stroke patients and 63%
of 155 patients died within 3 months and cTnI positivity
was, together with age, stroke severity and prestroke mod-
ified Rankin scale an independent explanatory variable of
outcome at 3 months (death or dependency).[23] In another
cohort study, Di Angelantonio et al. reported that high cTnI
levels seem to impart a significantly higher risk of in-hos-
pital cardiac complications and death.[5] They found that
there was a distinctive prognostic gradient in 330 patients
among three cTnI groups (as lower than 0.10 ng/ml, low
positive and high positive) with mortality increasing with
cTnI levels. 

In the literature, studies with relatively larger sample size
tend to show a strong relationship between high troponin
concentrations and mortality. In our study, with 66 right-
sided hemispheric stroke patients we found that cTnT con-
centrations were significantly higher in patients died in-
hospital according to discharged from the hospital.
However, no correlation was found with cTnI and in-hospi-
tal mortality in the same population. The most explanatory
reason is our relatively small study sample size to demon-
strate a relation between cTnI and in-hospital mortality.
The further studies with much larger sample size are need-
ed to demonstrate more powerful relationship between car-
diac disturbances and in-hospital mortality in right-sided
stroke patients. 

On the other hand, the other cardiac biomarkers, CK and
CK-MB were significantly higher in patients with elevated
cTnT concentrations while only CK-MB was significantly
higher in patients with elevated cTnI concentrations in our
study. Ay et al. concluded that cTnT did not exceed the ref-
erence range in any stroke patients and therefore elevations
in CK-MB in stroke patients might be out-of-heart origin.[24]

However they investigated a relatively small number of
patients who were grouped according to their cerebral
infarctions involving regions in the territory of middle,
anterior, or posterior cerebral arteries, instead of grouping
right or left hemispheric ischemia and of 32 total patients,
only 24 patients had middle cerebral artery occlusion.
Although Ay et al. suggested that elevations of CK-MB
without concomitant cTnT elevations were likely to be
from noncardiac origins in acute hemispheric strokes, it is
a subject to debate the origin of CK and CK-MB elevations
according to our results. In the current literature, in respect
of their results, it was suggested that right or left territory
of middle cerebral arteries differ in cardiac autonomic dys-
function where right insular cortex is likely responsible for
cortical regulation of cardiac sympathetic activity and left
insular cortex is likely responsible for cardiac parasympa-
thetic activity.[19,22,25,26]

In the light of these evidences, it is likely to suggest that
ischemic stroke, involving the right hemisphere, induces
cardiac damage by nonischemic mechanisms. None of our
patients had declared any symptoms suggesting they were
suffering a myocardial ischemia before they had stroke
attack. Although the serial ECGs were nondiagnostic dur-
ing hospital course, echocardiographic follow up might be
needed to reveal cardiac damage. On the other hand other
factors such as renal failure that might make elevations in
troponin levels were followed up during the hospital
course. 

The present study has inevitable limitations. First, the main
weakness of our study is the small amount of patients espe-
cially in-hospital mortality group. Relatively small number
of patients in subgroups has limited our results. Especially
we could not make a multivariate stepwise model with over
six factors because of limited patient number so that we
have to analyze our variables in a post hoc regression anal-
ysis. Second, the difference between the cTnT concentra-
tions were small so that using student t-test results were
insignificant but when we accepted cTnT concentrations as
“high” or “low” according to 0.1 ng/dl cut off point, and
using Fisher exact test we had the significant relationship.

RELATION BETWEEN CARDIAC TROPONINS AND IN-HOSPITAL MORTALITY IN RIGHT-SIDED STROKE PATIENTS
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Also, both cTnT and cTnI levels were obtained only as a
single measurement and so that we could only make con-
clusion about initial elevated values instead of alterations
during hospital course. Third, our hospital policies did not
include thrombolytic agents for stroke patients so that none
of the patients had had t-PA therapy during the study proto-
col. Currently, implementation of thrombolytic agents in
stroke management has changed the clinical outcomes of
the patients.[27] The results of our study may be valuable
when investigating the role of troponins as mortality pre-
dictors during the comparison with the studies in the era of
thrombolytics. Also, the interpretation of head computer-
ized tomography images was done by one senior radiolo-
gist and we could not investigate the interpreters’ reliabili-
ty. Finally, we investigated only right-sided hemispheric
stroke patients and neither estimated the stroke volume
according to computerized tomography images nor com-
pared with left-sided strokes. Further studies comparing
right and left sided strokes are needed to explain the role of
cardiac biomarkers in cardiac consequences of stroke.  

We conclude that our clinical study demonstrated that high-
er cTnT concentrations at admission are related with in-
hospital mortality and elevated cTnT is an independent pre-
dictor of in-hospital mortality in acute ischemic right-sided
stroke patients. We found no evidence for an association
between cTnI and in-hospital mortality. We believe
improved patient selection through biomarkers will prevent
the possible cardiac disturbances due to impaired brain cir-
culation.
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