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 Introduction 

 Troponin is a highly sensitive and specific marker of 
myocardial necrosis that is used in the diagnosis of acute 
myocardial infarction and for risk stratification of pa-
tients with acute coronary symptoms. It is also elevated 
in some acute stroke patients  [1–3] . The quoted preva-
lence of a positive troponin level in acute stroke varies but 
has been reported to be as high as 34%  [4] . There is a com-
plex overlap between cardiovascular and cerebrovascular 
disease and the cause of troponin rise in acute stroke is 
not clear. In some patients, raised troponin could reflect 
an association of coronary artery disease and acute stroke. 
However, it has also been suggested that some of the myo-
cardial damage observed in acute stroke is due to patchy 
myocyte damage (myocytolysis) due to activation of the 
sympathoadrenal system that may be linked to insular 
damage  [1, 5] .

  Not only is the cause of an elevated troponin level un-
clear, but also its clinical significance. Some studies have 
reported an independent association with both case fatal-
ity  [2, 6, 7]  and the combined poor outcome of mortality 
or disability  [4, 8] . However, other investigators have 
found no independent association  [1] .
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 Abstract 

  Background:  Troponin levels are elevated in some acute 
stroke patients, but the clinical significance of this is unclear. 
 Methods:  We conducted a systematic review of studies mea-
suring troponin within 7 days of symptom onset in acute 
stroke patients.  Results:  We identified 15 studies (2,901 pa-
tients). Overall 18.1% (95% CI 13.6–22.6) had a positive tropo-
nin level. These patients were more likely to have electrocar-
diogram (ECG) changes suggestive of myocardial ischemia 
(OR 3.0; 95% CI 1.5–6.2), and there was an independent as-
sociation with death (OR 2.9; 95% CI 1.7–4.8).  Conclusion:  
Elevated troponin level after acute stroke is common and is 
associated with ECG changes suggestive of myocardial isch-
emia and increased risk of death. 

 Copyright © 2009 S. Karger AG, Basel 

 Received: November 24, 2008 
 Accepted: April 8, 2009 
 Published online: July 2, 2009 

 Prof. Peter Langhorne 
 Academic Section of Geriatric Medicine, Room disc 35, 3rd Floor, University Block 
 Glasgow Royal Infirmary 
 Glasgow G31 2ER (UK) 
 Tel. +44 141 211 4976, Fax +44 141 211 4033, E-Mail p.langhorne@clinmed.gla.ac.uk 

 © 2009 S. Karger AG, Basel
1015–9770/09/0283–0220$26.00/0 

 Accessible online at:
www.karger.com/ced 

D
ow

nloaded from
 http://w

w
w

.karger.com
/ced/article-pdf/28/3/220/3834737/000226773.pdf by guest on 20 April 2024

http://dx.doi.org/10.1159%2F000226773


 Elevated Troponin after Stroke Cerebrovasc Dis 2009;28:220–226 221

  Two previous narrative reviews  [9, 10]  have comment-
ed on the relationship between troponin and stroke. 
However, neither has included all available studies nor 
have they used a systematic review approach with meta-
analysis, summary statistics and clear end points  [11] . We 
therefore did a rigorous systematic review of studies of 
troponin measurement in acute stroke to estimate the 
overall prevalence of elevated troponin as well as the po-
tential association between elevated troponin and elec-
trocardiogram (ECG) changes, death and functional out-
come.

  Methods 

 Review Questions 
 Our review objectives were to establish, in patients with acute 

stroke, (1) the prevalence of elevated troponin, (2) the association 
of elevated troponin with ECG changes suggestive of myocardial 
ischemia, and (3) the association of elevated troponin with clini-
cal outcomes (death and death or disability).

  Search Strategy and Selection Criteria 
 We identified articles (from inception to September 2007) 

through searches of Embase, Medline and the Cochrane Library 
(Issue 3, 2007). A librarian devised the search strategy using the 
key terms ‘troponin’, ‘stroke’ and ‘cerebrovascular accident’. We 
limited searches to adult populations. We also searched the refer-
ences of relevant publications. There were no language restric-
tions.

  Eligible studies had to have recruited acute stroke patients 
within 1 week of onset. We included both ischemic and hemor-
rhagic stroke. Recruitment had to include consecutive admissions 
with routine measurement of troponin T or troponin I. Compar-
isons were made between those with or without elevated troponin 
levels according to the author’s definition.

  Data Extraction 
 Two independent reviewers screened all titles and abstracts. 

Abstracts were excluded if both reviewers agreed on exclusion. 
Disagreements were resolved by discussion. Relevant abstracts 
were then reviewed as full papers for inclusion and data extrac-
tion. We collected patient details including age, stroke type and 
ECG findings plus the clinical outcomes of death and dependen-
cy. The type of troponin assay used and the cutoff threshold for 
an elevated level were also recorded.

  Data Analysis and Statistics 
 We calculated the proportion of patients who were troponin 

positive for each study, together with the standard error of that 
proportion. The results of individual studies were then combined 
using a generic inverse variance approach  [12] , by calculating the 
log of the prevalence, together with the log of the standard error. 
This provided a summary result [with a 95% confidence interval 
(CI)] for all available studies that was weighted by the reciprocal 
of the variance.

  We calculated univariate associations of troponin positivity 
with dichotomous outcomes (such as death, disability or ECG ab-
normalities) as the odds ratio (OR) and 95% CIs. These data were 
calculated for individual studies and pooled using a random ef-
fects model. The DerSimonian and Laird random effects model 
was used for generic inverse variance analyses and the Mantel-
Haenszel model for analyses of dichotomous data  [12] .

  We also explored the relationship between troponin positivity 
with death and poor outcome (death or disability) within data 
which had undergone multivariate adjustment. These analyses 
used a generic inverse variance approach to calculate the log-ad-
justed OR and 95% CI and a pooled OR with 95% CIs for a group 
of studies. In each analysis, we calculated the degree of heteroge-
neity and efforts were made to explain sources of heterogeneity. 
All analyses used Revman 5.0 software  [12] .

  Results 

  Figure 1  describes the literature search which identi-
fied 171 titles, all of which were scrutinized by two inde-
pendent reviewers. We excluded 145 abstracts that were 
not relevant and 6 from review articles. A further review 
of full papers was done on the remaining 20 full articles. 
Three articles did not recruit consecutive referrals of 
acute stroke patients and 2 articles contained patients 
with other neurological conditions as well as acute 
stroke. This left 15 studies that were included in the re-
view.

Abstracts 
Embase 
Medline (additional) 
Cochrane Library (additional) 

    Reference lists (additional) 

171
144

6
19

2

20 Articles – full review 

15 Articles included 

5 Articles excluded 
2 Not all acute stroke 
3 Not consecutive patients 

151
145

6

Abstracts excluded 
Not relevant 

   Review articles 

  Fig. 1.  Search flow and manuscript selection; articles on troponin 
and acute stroke. 
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  Details of the included studies are summarized in 
 table 1 . A variety of different troponin assays and cut-
offs were used. In addition, some studies excluded pa-
tients with known cardiac disease or renal impairment 
while others did not. We used the investigators’ defini-
tion of troponin positive. One study  [17]  measured both 

troponin T and I in all patients; we elected to use the 
troponin T data for analysis of this paper. Overall 18.1% 
(95% CI 13.6–22.6) of acute stroke patients had a posi-
tive troponin level ( fig. 2 ). In one study  [18] , no patients 
were found to have a positive troponin level. Results 
were consistent across the different troponin assay/cut-

Table 1. Studies evaluating troponins in patients with acute stroke

Source and
country

Study population Patients
with previous 
cardiac disease 
excluded

Patients with 
previous renal 
impairment 
excluded

Sampling
time

Troponin
assay type/
cutoff 

1

Study end point

Barber et al. [1] 
UK

ischemic stroke patients in a stroke unit, 
followed up for 30 days (n = 222)

no no within 24 h
of stroke

I >0.2 death or 
dependence

Jensen et al. [2]
Denmark

ischemic stroke patients, followed up for an 
average of 19 months (n = 244)

yes no within 7 days
of stroke

T >0.03 death

Ay et al. [3]
USA

ischemic stroke patients in an academic center 
(n = 738)

yes yes within 72 h
of stroke

T ≥0.1 infarctions in 
specific brain 
regions

Fure et al. [8]
Norway

ischemic stroke patients in a stroke unit, 
followed up to discharge (mean 9.985.8 days) 
(n = 279)

yes no ‘as soon as
diagnosis
made’

T >0.04 death or 
dependence

Apak et al. [13]
Turkey

stroke patients in a neurological intensive care 
unit (n = 62)

yes yes within 24 h
of stroke

T >0.1 myocardial injury 
after stroke

Atam et al. [6]
India

young stroke patients (<45 years) in medical or 
neuromedical wards, followed up to discharge 
(n = 40)

no no 12–24 h after
admission

T >0.1 death

Di Angelantonio 
et al. [7] Italy

ischemic stroke patients in a stroke unit, 
scheduled follow-up 6 months minimum 
(mean 152 days) (n = 330)

no no on admission
to stoke unit

I ≥0.1 death

Iltumur et al. 
[14] Turkey

first ischemic stroke in a neurological intensive 
care unit (n = 57)

yes yes within 24 h
of stroke

I >1.0 NT-proBNP levels 

Maliszewska et 
al. [15] Poland

ischemic stroke patients, followed up for 6 
months (n = 196)

yes no within 72 h
of stroke

I >0.1 death

Christensen et 
al. [4] Denmark

patients with cerebral infarction on CT without 
dementia or life-threatening illness in a stroke 
unit, followed up for 3 months (n = 155)

no no within 24 h
of stroke

I >0.1 death or 
dependence

Etgen et al. [16]
Germany

ischemic stroke patients, followed up for 90 
days (n = 174)

yes no within 12 h
of stroke

T and I >0.03
(103 had
I measured)

death or 
dependence

Guerrero-Peral 
et al. [17] Spain

acute cerebrovascular disease patients, followed 
up to discharge (n = 42)

no no within 96 h
of stroke

T and I >0.1 death

Ay et al. [18]
Turkey

first ischemic stroke patient (n = 32) yes no within 24 h
of stroke

T >0.1 cardiac enzymes 
after stroke

Trooyen et al. 
[19] Norway

acute stroke patients, followed up to discharge 
(n = 149)

no no within 24 h
of stroke

I >0.4 death

James et al. [20]
New Zealand

ischemic stroke patients in general wards, 
followed up for 60 days (n = 181)

no no 12–72 h after
admission

T >0.1 death

1 Units are either ng/ml or �g/l, which are equivalent.
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off groups except for a subgroup of studies that used a 
low cutoff for troponin, where the overall prevalence 
was lower, but this may be explained by other con-
founding factors.

  Baseline characteristics of the patients included in the 
studies are likely to have influenced the prevalence of el-
evated troponin and explain some of the heterogeneity in 
the results; they are shown in the first four columns of 
 table 1 . Studies that excluded patients with known car-
diac disease had, as expected, a lower prevalence of posi-
tive troponin than those which had not excluded previ-
ous cardiac disease [10.2% (95% CI 6.0–14.5) vs. 21.7% 
(95% CI 15.4–28.0)]. The definition of cardiac disease 
varied but included recent myocardial infarction and ar-
rhythmia. However, there was no significant difference 
between studies which had or had not excluded patients 
with previous renal impairment. We also compared stud-
ies that took place in an intensive care setting against 
those which did not, and studies which used troponin T 
versus troponin I. Differing troponin assay (T or I) did 
not explain heterogeneity, but difference in study setting 
may partly explain heterogeneity.

  Acute stroke patients with a positive troponin level 
( fig. 3 ) were more likely to have features suggestive of 
myocardial ischemia on the ECG (OR 3.03; 95% CI 1.49–
6.17). The definition of ECG changes suggestive of myo-
cardial infarction was generally described as either being 
ST depression or elevation, but some studies did not fully 
describe their criteria and the author’s definition was ac-
cepted. Forty-three percent of those with elevated tropo-
nin had ECG changes suggestive of myocardial ischemia 
compared to 23% of those who did not. However, this 

Study
or subgroup

Percent 
positive

SE Percent positive
(95% CI)

Troponin T <0.1
Etgen et al. [16] 4.6 1.19
Fure et al. [8] 9.3 1.7
Jensen et al. [10] 10.3 1.9
Subtotal (95% CI)

Troponin T 60.1
Apak et al. [13] 32.3 5.9
Atam et al. [6] 35 7.5
Ay et al. [18] 0 –
Ay et al. [3] 6.7 0.9
Guerrero-Peral et al. [17] 14.29 4.38
James et al. [20] 16.6 2.7
Subtotal (95% CI)

Troponin I <0.1
Christensen et al. [4] 33.6 3.8
Di Angelantonio et al. [7] 10.6 1.7
Maliszewska et al. [15] 34.2 3.4
Subtotal (95% CI)

Troponin I 60.1
Barber et al. [1] 20.3 2.7
Iltumur et al. [14] 15.8 4.8
Trooyen et al. [19] 26.9 3.6
Subtotal (95% CI)

Total (95% CI)
Heterogeneity: I2 = 93%

0 50

Percent frequency

100

7.86

19.34

25.92

21.43

18.11 [13.59, 22.63]

  Fig. 2.  Prevalence of positive troponin in acute stroke patients 
shown in troponin assay type/cutoff groups. 

Study
or subgroup

Troponin positive Troponin negative Odds ratio (95% CI) Odds ratio (95% CI)

ECG
ischemia

ECG
normal

ECG
ischemia

ECG
normal

Apak et al. [13] 18 020 08 042 38.25 (7.34–199.46)
Barber et al. [1] 25 044 72 177 01.92 (0.98–3.74)
Di Angelantonio et al. [7] 06 049 11 261 03.17 (1.11–9.03)
Guerrero-Peral et al. [17] 04 010 03 032 06.44 (1.14–36.57)
Jensen et al. [10] 8 25 52 219 01.51 (0.62–3.70)
Trooyen et al. [19] 20 039 43 108 01.59 (0.76–3.32)

Total (95% CI) 187 839 03.03 (1.49–6.17)
Total events 81 189
Heterogeneity: tau2 = 0.49; �2 = 15.06, d.f. = 5 (p = 0.01), I2 = 67%
Test for overall effect: Z = 3.05 (p < 0.002) 0.1 1 10 100

  Fig. 3.  The association between positive troponin and ECG changes suggestive of myocardial ischemia in patients with acute stroke. 
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analysis ( fig. 3 ) is based on crude ORs and could not take 
into account potential confounding or effect-modifying 
factors.

   Table 2  shows the association between a positive tro-
ponin level and the outcome of death at the end of sched-
uled follow-up. One study  [16]  could not be included as 
there were insufficient follow-up data. Acute stroke pa-
tients with a positive troponin level were at significantly 
greater risk of death than those without a troponin rise 
(OR 5.34; 95% CI 2.85–10.02); however, this result showed 
significant heterogeneity (I 2  68%) and is based on data 
from univariate analyses, not adjusting for confounders.

  Several studies used multivariate models to explore 
the relationship between troponin positivity and death 
(or the poor outcome of death or dependency) recorded 
at the end of scheduled follow-up ( table 2 ). The variables 
included in models differed between studies, but gener-
ally included age and some measure of stroke severity. 
Even when adjusted for potential confounding, a positive 
troponin level was associated with an overall increased 

risk of both death and death or disability. The overall OR 
for death was 2.87 (95% CI 1.72–4.78) and 2.31 (95% CI 
0.91–5.86) for death or disability.

  Discussion 

 The results of our review indicate that elevated tropo-
nin in acute stroke is common, occurring in around 1 in 
5 patients. We accepted the study investigators’ definition 
of troponin positivity but acknowledge that the issue of 
different troponin types, assays and cutoffs is complex 
 [21] . It is also beyond the scope of this systematic review 
to investigate the effect of different troponin types and 
cutoffs. The prevalence of elevated troponin was reason-
ably consistent across most of the different types of tro-
ponin assay and choice of threshold. However, there was 
residual heterogeneity between studies. In particular the 
three studies that used troponin T at a low cutoff of  ! 0.1 
 [2, 8, 16]  had a lower prevalence of positivity compared to 

Table 2. Associations of positive troponin (I or T) with adverse outcome (death and death or dependence)

Unadjusted risk ratio Adjusted risk ratio Variables in final model

Death
Atam et al. [6] 28.11 (5.14–154.22) 12.35 (1.61–94.95) troponin T, smoking, high blood pressure
Barber et al. [1] 6.31 (2.73–14.59) 3.36 (1.22–9.26) data not available
Di Angelantonio et al. [7] 8.43a (4.13–17.22) 2.14a (1.13–4.05) positive troponin I, age, National Institutes of 

Health Stroke Scale
Guerrero-Peral et al. [17] 6.43 (0.9–46.06) no multivariate analysis no multivariate analysis
James et al. [20] 4.63 (1.93–11.11) not reported troponin T, age, altered Glasgow Coma Scale at pre-

sentation
Jensen et al. [2] 11.40 (4.61–28.15) 3.39 (1.34–8.6) positive troponin T, age, Scandinavian Stroke Scale, 

combined heart failure and renal failure
Maliszewska et al. [15] 1.87 (0.85–4.10) no multivariate analysis no multivariate analysis
Trooyen et al. [19] 0.78 (0.15–3.93) no multivariate analysis no multivariate analysis

Pooled risk ratio 5.34 (2.85–10.02) 2.87 (1.72–4.78)

Death or dependence
Barber et al. [1] 2.17 (1.05–4.47) 0.91 (0.34–2.45) age, nat. log C-reactive protein, Scandinavian Stroke 

Scale
Fure et al. [8] 3.78 (1.25–11.42) 3.44 (1.41–8.33) positive troponin T, Q wave, QT interval corrected 

for rate
Christensen et al. [4] data not available 4.10 (1.3–14.5) positive troponin I, age, Scandinavian Stroke Scale 

at admission, prestroke modified Rankin scale

Pooled risk ratio 2.45 (1.31–4.57) 2.31 (0.91–5.86)

This table shows the association (OR) of raised troponin with an adverse outcome both as univariate (unadjusted) or multivariate 
(adjusted for confounding variables) comparisons. Figures in parentheses indicate 95% CIs.

a Di Angelantonio reports hazard ratio rather than OR.
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those studies with a higher cutoff. This counterintuitive 
observation may be due to the fact that these studies also 
excluded patients with preexisting cardiac disease.

  Our second finding is that patients with elevated tro-
ponin were more likely to have ECG changes suggestive 
of myocardial ischemia, but this was not a universal find-
ing in all studies. There are a number of possible causes 
of myocardial damage and raised troponin after stroke. 
Some patients may have had an acute coronary syndrome 
such as NSTEMI (non-ST elevation myocardial infarct). 
Others may have had myocytolysis with patchy myocyte 
damage associated with sympathoadrenal activation and 
a stress response after stroke. A few may have other causes 
of raised troponin such as pulmonary embolism or renal 
failure. However, we do not have evidence from the exist-
ing literature to establish the cause or causes of elevated 
troponin after acute stroke.

  This review reinforces the view that elevated troponin 
is associated with poor outcomes but has not fully estab-
lished if elevated troponin is an independent prognostic 
factor. It is possible that the positive troponin level is just 
a marker of stroke severity. However, 2 of the 4 studies 
that did a multivariate analysis  [2, 7]  and included a mea-
sure of stroke severity in that analysis found that tropo-
nin was an independent predictor of death.

  The main strength of our review is that we have used 
a rigorous systematic review approach  [11]  and included 
a large number of acute stroke patients (n = 2,901). We 
only included studies which used consecutive admissions 

of acute stroke patients. Both previous reviews in this 
area were narrative reviews with no meta-analysis  [9, 10] . 
We also included a significant number of acute stroke 
patients from additional publications that have not been 
considered in these reviews.

  The main weakness of our review was the heterogene-
ity of the studies. This includes the varying troponin as-
says and cutoffs, the variable exclusion of patients with 
preexisting cardiac/renal disease and the different study 
settings. Although relatively few studies included a mul-
tivariate analysis, the pooled analysis of those studies was 
generally consistent with the pooled univariate analysis. 
We are also not able to explain the underlying pathophys-
iology of raised troponin in acute stroke.

  The results of this review raise the question as to 
whether troponin should be routinely checked in patients 
with acute stroke. Recent UK acute stroke guidelines 
from the National Institute of Clinical Excellence  [22]  
and the Scottish Intercollegiate Guidelines Network  [23]  
do not recommend the routine checking of cardiac en-
zymes. However, the American Stroke Association  [24]  
does recommend this. They state the frequent finding of 
coexisting cardiac disease, including acute coronary syn-
dromes, as the justification. Further research is required 
to determine the clinical utility of routine troponin test-
ing after acute stroke.

  In summary, elevated troponin after acute stroke ap-
pears to be common, occurring in up to 1 in 5 patients, 
and is associated with an increased risk of death. 
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