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Abstract
Background: Prognostic significance of troponin-I (T-I) elevation for poor short-term outcome in thrombolyzed
ischemic stroke patients remains uncertain.
Objectives: To evaluate its role as a predictive biomarker of short-term outcome in thrombolyzed ischemic stroke
patients.
Methods: This study included 72 acute ischemic stroke patients who were treated with intravenous thrombolytic
therapy. All patients were subjected to clinical assessment and measurement of serum T-I level on admission.
Outcome was assessed 3 months after stroke onset using the National Institute of Health Stroke Scale (NIHSS) and
modified Rankin scale.
Results: Thirteen patients had elevated serum T-I level (group 1) and the remaining 59 were classified as group 2.
Group 1 had a higher statistically significant older age, history of diabetes mellitus (DM), previous stroke, atrial
fibrillation (AF), and admission NIHSS score, with significant decrease in high-density lipoprotein cholesterol (P <
0.05). Regarding the outcome of both groups, good outcome was significantly less common among group 1. Also,
death was significantly more common among group I. Poor outcome in group 1 were significantly associated with
older age, DM, AF, elevated serum T-I level at admission, and higher admission NIHSS score (P = 0.03, 0.04, 0.02,
0.05, and 0.001 respectively). The predictors of poor outcome in group 1 were elevated serum T-I level at admission,
higher admission NIHSS score, and DM (P = 0.001, 0.02, and 0.05 respectively).
Conclusion: Elevated serum T-I levels on admission is a reliable prognostic predictor of poor outcome in
thrombolyzed ischemic stroke patients.
Trial registration: ClinicalTrials.gov NCT03925298 (19 April 2019) “retrospectively registered,”
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Introduction
Ischemic stroke is a leading cause of mortality and disability [1]. Early restoration of blood flow to the infarct
brain tissue is the only way to rescue those patients [2].
Intravenous thrombolysis with recombinant tissue plasminogen activator is the only approved treatment of
acute ischemic stroke patients presenting within 4.5 h of
symptom onset [3].
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Troponin is sensitive and specific biomarker of myocardial necrosis. It has been reported that elevated serum
troponin levels are found in acute stroke patients. In
addition, elevated serum troponin levels have been
linked to poor outcome of cerebrovascular diseases [4].
The etiology of elevated serum troponin levels in acute
ischemic stroke patients is not completely understood,
but may be related to increased cardiac strain in the
setting of acute hypertension, thrombotic coronary ischemia, may reflect the underlying ischemic stroke etiology such as atrial fibrillation, or may be secondary
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myocardial injury attributable to central activation of the
sympatho-adrenal system [5].
To date and up to our knowledge, the prognostic significance of troponin elevation for poor short-term outcomes in thrombolyzed ischemic stroke patients is not
well established. We, therefore, investigated the prognostic significance of troponin elevation for poor short-term
outcome after intravenous thrombolysis with recombinant tissue plasminogen activator in patients presented
with acute ischemic stroke.

Methods
This prospective cohort study was conducted during the
period from January 2017 to January 2019 in the intensive care and stroke units of the Neurology Department
at our university hospitals. Eighty-one thrombolyzed ischemic stroke patients were enrolled in this study. Patients who did not complete the study (9 patients were
lost during follow-up) were eliminated. So the study included seventy-two patients (34 males and 38 females)
who fulfilled the inclusion and exclusion criteria.
The inclusion and exclusion criteria were according to
the guidelines from the American Heart Association/
American Stroke Association [6].
Inclusion criteria

Patients presented with acute ischemic stroke that lasted
for ≤ 4.5 h. Ischemic stroke was diagnosed clinically and
radiologically. Those patients were treated with intravenous thrombolytic therapy (recombinant tissue plasminogen activator (rt-PA)).
Exclusion criteria

The exclusion criteria were according to the American
Stroke Association exclusion criteria for intravenous
thrombolytic therapy.
All patients in this study were subjected to both clinical evaluation and investigations:
Clinical evaluation that included the following:
 Thorough history taking
 Thorough general and neurological examination
 Assessment of stroke severity using the National

Institute of Health Stroke Scale (NIHSS) at
admission [7]
Assessment of neurological outcome after 3 months
was done by using the NIHSS and the modified Rankin
scale (mRS). The mRS consists of 6 grades, from 0 to 5,
with the best score 0 (no symptoms) and the worst score
5 (severe disability). Poor outcome was defined as death
or disability (mRS scores ≥ 2) [8]. While, good outcome
(neurological improvement) was defined as mRS scores
of 0 to 1 or 8 points improvement in NIHSS [9].
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Clinical evaluation and neurological outcome assessment of all included participants was performed blinded
to troponin-I levels.
Investigations that included the following:
A- Laboratory investigations. Once we obtained the
consent of the patient or his family to participate in
the research, serum samples from the patients were
drawn using standard venipuncture techniques.
Serum troponin-I (T-I) samples were left to clot for
about 4 h at room temperature and then centrifuged to obtain the serum which was stored frozen
at −20 °C. Serum T-I levels were quantified in an
enzyme-linked immune-sorbent assay technology
following the manufacturer’s instructions (ALPCO,
26G Keewaydin Drive, Salem NH, 03079, USA).
The upper reference levels of serum T-I for apparently healthy subjects is < 0.01 μg/l. The participants were divided into two groups. Those with
elevated serum troponin-I levels (≥ 0.01 μg/L) were
in group 1 (46% of them were males and 54% were
females), and those with normal serum troponin
level (< 0.01 μg/L) were in group 2 (47% of them
were males and 53% were females). Studying their
clinical data, laboratory values, and neurological
outcomes after 3 months has been done.
Also, routine laboratory investigations were done at
admission including complete blood count, liver
and kidney function tests, random plasma glucose
levels, fasting and 2 h post-prandial plasma glucose
assessment in diabetic patients, lipid profile including total cholesterol, triglycerides, high-density lipoprotein (HDL), and low-density lipoprotein (LDL),
coagulation profile: prothrombin time (PT), international normalized ratio (INR), and activated partial thromboplastin time (aPTT).
B- Cardiac investigation. Electrocardiogram (ECG) was
done to all participants. Transthoracic
echocardiography also was done when indicated.
C- Brain imaging. All of the participants enrolled in
this research were subjected to brain computed
tomography (CT) scan or brain magnetic resonance
imaging (MRI) as early as possible after stroke (within
the first 3 h) to exclude stroke mimics or hemorrhagic
ones and to detect accurately the site of brain
infarction. Brain infarction was evaluated according to
their localization as anterior and posterior circulation.
Indefinite radiological diagnosis in ischemic stroke
patients presented with negative brain CT was the
indication for their examination by brain MRI.
Statistical analysis

Statistical Package for Social Science (SPSS) version 22
was used for data analysis [10]. Quantitative data were
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presented as means and standard deviations. Qualitative
data were presented as numbers and percentages. T test
was used for comparison of quantitative variables. Comparison of quantitative data was performed using the
chi-square (χ2) test, and Fisher’s exact test. Multivariable
regression analysis and logistic regression analysis were
done to assess independent risk factors that were significantly associated with poor outcome after 3 months
among participants. The P value < 0.05 was the cut-off
value for significance and P value < 0.001 was the cut-off
value for high significance.

Results
This study included seventy-two thrombolyzed ischemic
stroke patients (34 males and 38 females). Thirteen patients (18%) out of 72 patients had elevated serum
troponin-I level at admission, those patients were classified as group 1 (6 of them were males and 7 were females) and 59 patients (82%) had average normal serum
troponin-I level at admission, those patients were classified as group 2 (28 of them were males and 31were
females).
Comparison between group 1 and group 2 showed
that group 1 had older age, higher incidence of diabetes
mellitus, previous stroke, and atrial fibrillation which
was statistically significant (P = 0.02, 0.01, 0.003, and
0.04 respectively) (Table 1).
In comparison between group 1 and group 2, we
found a statistical significant decrease in high-density
lipoprotein cholesterol in group 1 (P = 0.02) and statistical significant increase of admission NIHSS score in
group 1 (P = 0.01) (Table 2).
Regarding the neurological outcome of both groups
after 3 months of stroke onset, we found that the frequency of neurological improvement (good outcome)
was significantly higher in group 2. Also, death (poor
outcome) was significantly higher in group I. But as
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regard disability (poor outcome), there was no statistical
significant difference between both groups (Fig. 1).
Poor outcome in group 1 were significantly associated
with older age, diabetes mellitus, atrial fibrillation, elevated serum troponin I level at admission, and higher
NIHSS score on admission (P = 0.03, 0.04, 0.02, 0.05,
and 0.001 respectively) (Table 3).
In logistic regression analysis for detection of poor
outcome (death or disability) in group 1, the most significant risk factors were elevated serum troponin-I level
at admission (> 0.01 μg/L), higher NIHSS score on admission, and diabetes mellitus (P = 0.001, 0.02, and 0.05
respectively) (Table 4).

Discussion
The presence of troponin elevation in high catecholamine states such as in ischemic stroke has been confirmed. But, the etiology of increased troponin levels
in acute stroke patients is still incompletely understood. Jensen et al. studied acute ischemic stroke patients with no overt coronary heart disease. Their
findings suggested that etiologies other than an acute
coronary syndrome, such as congestive heart failure
and renal failure were responsible for the observed elevated troponin levels [11].
Also, it has been suggested that cardiac injury in acute
stroke patients is caused by patchy subendocardial
hemorrhage or swollen myocytes surrounding the epicardial nerves (myocytolysis) [12]. Jespersen et al. suggested that increased catecholamine release in the
myocardium, that likely to originate from the insular
cortex, could lead to an excessive release of intracellular
calcium ions which can cause myocyte dysfunction and
impairment of cardiac function due to the perfusion disturbance at the level of capillaries caused by an enhanced platelet aggregation [13].

Table 1 Comparison between group 1 and group 2 regarding the demographic data, medical history, and comorbidity
Group 1
13 (18%)

59 (82%)

Age, years (M ± SD)

69.3 ± 10.5

63.3 ± 7.7

0.02*

6 (46%)

28 (47%)

0.93

Sex

Medical history

Comorbidities

Male, n (%)

Group 2

P value

Variable

Female, n (%)

7 (54%)

31 (53%)

Diabetes mellitus, n (%)

12 (92%)

33 (56%)

0.01*

Hypertension, n (%)

6 (46%)

28 (47%)

0.94

Hyperlipidemia, n (%)

8 (61%)

34 (58%)

0.84

Current smoking, n (%)

5 (38%)

23 (39%)

0.94

Previous stroke, n (%)

3 (23%)

1 (2%)

0.003*

Atrial fibrillation, n (%)

7 (54%)

15 (25%)

0.04*

Continuous data are represented in mean ± SD; categorical data are represented in number and percentage
Group 1, patients with elevated admission serum troponin-I level; group 2, patients without elevated admission serum troponin-I level
*Significant P < 0.05
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Table 2 Comparison between both groups of patients regarding baseline laboratory variables and infarction site as well as
admission NIHSS score
Variable
Laboratory variables

Group 1

Admission NIHSS score

P value

13 (18%)

59 (82%)

Hemoglobin (g/dL)

12.6 ± 1.8

12.7 ± 1.4

0.21

White blood cell (× 103/μl)

9.5 ± 2.3

9.2 ± 3.6

0.43

3

Infarction site

Group 2

Platelet (× 10 /μl)

268.7 ± 82.6

249.3 ± 75.4

0.41

Creatinine (mg/dL)

0.80 ± 0.20

0.78 ± 0.20

0.74

Total cholesterol (mg/dl)

187.6 ± 31.4

178.5 ± 51.1

0.54

Triglyceride (mg/dl)

138.9 ± 76.2

127.9 ± 62.42

0.58

Aspartate transaminase (U/L)

20.18 ± 7.82

20.16 ± 4.84

0.99

Alanine aminotransferase (U/L)

12.19 ± 8.81

13. 91 ± 7.08

0.45

HDL-C (mg/dl)

31.5 ± 7.3

39.6 ± 12.4

0.02*

LDL-C (mg/dl)

106.4 ± 32.1

102.4 ± 29.1

0.66

Fasting glucose (mg/dL)

149.9 ± 65.6

154.9 ± 51.9

0.54

PT on admission (s)

13.9 ± 3.2

12.0 ± 7.1

0.35

INR on admission

1.12 ± 0.27

1.11 ± 0.25

0.89

APTT on admission (s)

27.0 ± 6.10

25.8 ± 6.90

0.56

Anterior cerebral circulation, n (%)

6 (46)%

28 (47%)

0.93

Posterior cerebral circulation, n (%)

7 (54%)

31 (53%)

12.5 ± 9.4

7.2 ± 6.2

0.01*

Continuous data are represented in mean ± SD; categorical data are represented in number and percentage
Group 1, patients with elevated admission serum troponin-I level; group 2, patients without elevated admission serum troponin-I level
HDL-C High density lipoprotein cholesterol, LDL-C Low-density lipoprotein cholesterol, APTT Activated partial thromboplastin time, PT Prothrombin time, NIHSS
National Institute of Health Stroke Scale
*Significant P < 0.05

Fig. 1 Outcome of both groups after 3 months of stroke onset. This figure compares between the percentages of both groups regarding
their outcome
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Table 3 Multiple regression analysis for predictors of poor
outcome among group 1
Variables

Poor outcome {OR (95% CI)} P value

Older age

0.12 (0.04-0.81)

0.03*

Diabetes mellitus

2.25 (1.59-3.18)

0.04*

Atrial fibrillation

1.23 (1.23-6.45)

0.02*

Previous stroke

1.44 (0.13-6.55)

0.80

Elevated serum troponin-I
level on admission

18.41 (1.29-9.27)

0.05*

Lower high density
1.32 (0.43-6.25)
lipoprotein cholesterol level

0.13

Higher NIHSS score on
admission

0.001**

18.52 (8.59-38.37)

OR odds ratio, CI Confidence interval, NIHSS National Institutes of Health
Stroke Scale
**Highly significant
*Significant

Barber et al. found an association between elevated
troponin and epinephrine in ischemic stroke patients
[14]. Christensen et al. found an association between elevated troponin and cortisol [15]. These findings may
suggest a link between the sympathetic nervous system
and myocardial cell damage after ischemic stroke.
In this study, we investigated the prognostic significance of troponin elevation for poor short-term outcome
after intravenous thrombolysis with recombinant tissue
plasminogen activator in acute ischemic stroke patients.
In the current study, an elevated serum level of T-I ≥
0.01 μg/L was observed in 18% of patients (group 1), and
82% had average normal serum troponin-I level at admission (group 2). Comparison between both groups
showed that group 1 had older age, higher incidence of
diabetes mellitus, previous stroke, and atrial fibrillation
which was statistically significant (P = 0.02, 0.01, 0.003,
and 0.04 respectively). Regarding group 1, we found a
statistical significant decrease in high-density lipoprotein
cholesterol (P = 0.02) and a statistical significant increase of admission NIHSS score (P = 0.01).
In the same line with our results, Faigle and colleagues
[3] reported that patients with measured troponin were
more likely to have a history of atrial fibrillation and
higher NIHSS scores at presentation.
Table 4 Logistic regression analysis of factors predicting poor
outcome in group 1
Risk factor of poor outcome in
group 1

95% Confidence
intervals

P value

Elevated serum troponin-I level
on admission

1.25-2.35

0.001*

Higher NIHSS score on admission

2.13-2.38

0.02*

Diabetes mellitus

1.43-1.93

0.05*

NIHSS National Institutes of Health Stroke Scale
**Highly significant
*Significant
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Regarding the neurological outcome, we found that
the frequency of major neurological improvement (good
outcome) was significantly higher in group 2. Also, death
(poor outcome) was significantly higher in group 1. But
as regard disability (poor outcome), there was no statistical significant difference between both groups. In the
present study, poor outcomes in group 1 were significantly associated with older age groups, diabetes mellitus, atrial fibrillation, elevated serum troponin-I level at
admission, and admission NIHSS score. In the same line
with our results, Bray and colleagues [16] reported that
older thrombolyzed ischemic stroke patients are more
likely to have poor outcomes when compared to younger
patients.
Also, our results corroborate the findings of Nikneshan
and colleagues [17]; they showed that thrombolyzed
stroke patients with diabetes have poorer outcomes compared with patients without diabetes. Atrial fibrillation
may worsen the clinical outcomes of patients with acute
ischemic stroke after thrombolysis. Those patients have
increased risk of mortality and less favorable outcome
compared to patients without atrial fibrillation [18].
Moreover, thrombolyzed stroke patients with measured troponin had history of atrial fibrillation, and
higher NIHSS at presentation that resulted in poor outcome [3]. Stroke can induce stress on the patient’s heart
causing troponin to be elevated and this might be an indication of a lower cardiac tolerance caused by the acute
stroke [1]. This may be one explanation for the relationship between elevated T-I and a poor short-term outcome found in the present study, and for this reason,
physicians should be more careful when dealing with
these patients.
In the current study, the most significant risk factors
of poor outcome in group 1 were elevated serum
troponin-I level at admission, higher NIHSS score on admission, and diabetes mellitus. Our results are supported
by that of Faigle and colleagues [3] who found that
troponin elevation in thrombolyzed stroke patients is associated with a significant increase in mortality and critical care needs in white but not black patients. Also, this
is in accordance with two previous studies [19, 20].
Mehta and colleagues [19] reported that NIHSS at admission > 15, diabetes, and blood sugar > 250 mg/dL,
were the significant predictors of the poor outcomes
after intravenous thrombolysis for acute ischemic stroke.
Liu and colleagues [20] reported that older ages, NIHSS
score > 20, and serum glucose on admission > 9.0
mmol/L were independent predictors of poor outcome
(hemorrhage) after thrombolysis in their patients.
The association of high serum levels of both of troponin I and glucose in acute cerebrovascular stroke is not
yet understood, regardless of that the role of high serum
glucose was built up as a hazard factor for platelet-
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dependent clot formation in coronary illness patients, so
coagulation changes might be the ascribed etiology [21].
Moreover, hyperglycemia happens after injury to the
central autonomic centers and as a reaction to the release of stress hormones such as cortisol and noradrenaline [22].
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Conclusion and recommendation
In conclusion, our study shows that measurement of
serum troponin-I level in thrombolyzed ischemic
stroke patients could be a useful laboratory marker in
the identification of patients at highest risk of poor
outcome.
Recommendations

Further large, prospective studies with assessment of
both short- and long-term clinical outcomes are needed
in the future to improve the outcome in thrombolyzed
ischemic stroke patients.
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