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Original Article

Role of troponin as a biomarker for
predicting outcome after ischemic
stroke

Adel Alhazzani, Amit Kumar', Mubarak Algahtany? Dimple Rawat'

Abstract:

BACKGROUND: After acute ischemic stroke, a higher level of troponin has been considered as an
important biomarker for predicting mortality.

AIM AND OBJECTIVES: The study aimed to quantitatively assess the prognostic significance of
the effect of baseline troponin levels on all-cause mortality in patients with acute ischemic stroke
using a meta-analysis approach.

MATERIALS AND METHODS: The following electronic databases such as PubMed, Web of Science,
Cochrane Central Register of Controlled Trials, TRIP Database, and ClinicalTrialsgov were used for
obtaining the relevant articles from literature. Data were extracted in standardized data collection
form by two independent investigators. Any disagreements were resolved by consensus. All the
statistical analyses were performed in STATA software (Version 13.1).

RESULTS: A total of 19 studies were included in the present meta-analysis involving a total of
10,519 patients. The pooled analysis suggested that elevated serum troponin level was associated
with inhospital mortality (rate ratios [RR] 2.34, 95% confidence interval [CI] 1.30-3.38) and at the
end of last follow-up mortality (RR 2.01; 95% CI 1.62—-2.40). Sensitivity analysis by removing a single
study by turns indicated that there was no obvious impact of any individual study on the pooled risk
estimate. No significant publication bias was observed in the beg test (P = 0.39); however, significant
publication bias was observed in the egger test (P = 0.046).

CONCLUSION: Our findings indicated that a higher level of troponin might be an important prognostic
biomarker for all cause in hospital and follow-up mortalities in patients with acute ischemic stroke.
These study findings offer insight into further investigation in prospective studies to validate this
particular association. The study was registered in OSF registries DOI's 10.17605/0OSF. |0/D95GN
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thereby congestive heart failure.?*! A high
troponin level is common in the acute phase

Introduction

here might be an association between

brain damage and cardiac cell death,
but it remains poorly understood.? Cardiac
troponin T (cTnT) and cardiac troponin
I (cTnl) are currently useful for the detection
of myocardial injury.' High serum troponin
levels in patients with spontaneous
subarachnoid hemorrhage have extensively
been documented,*® and current studies
observed its association with a stunned
myocardium, resulting in pump failure and
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of ischemic stroke which indicates a close
relationship between stroke and cardiac
damage.”” It may be noted that an increase
in troponin level may be explained by
comorbidities associated with some stroke
patients. Recent studies have established a
linkage between elevated blood troponin
levels and death in patients with ischemic
stroke.”l However, inconsistent evidence is
available in the literature on the association
of elevated cardiac troponin with mortality
in patients with acute ischemic stroke.”!
It is essential to determine the prognostic
significance of baseline blood cardiac
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troponin levels in the acute phase in patients with
ischemic stroke before its clinical implications. The
previous meta-analysis was conducted with a smaller
number of studies and could not establish the independent
association of acute-phase troponin level with all-cause
mortality.""! Therefore, the prognostic significance of
cardiac troponin in patients with acute ischemic stroke
remains conflicting. Several studies on the association
between troponin level and its prognostic significance
in stroke have been published after an earlier published
meta-analysis. Therefore, we have conducted an updated
meta-analysis to determine the precise association of a
higher level of troponin at the acute phase of stroke with
all-cause inhospital mortality and follow-up mortality in
patients with acute ischemic stroke.

Methods

Preferred reporting items for systematic review and
meta-analysis statement for conducting meta-analysis
were followed for reporting meta-analysis findings.

Hypothesis

Elevated levels of troponin at the acute phase of acute
ischemic stroke might be an important prognostic
biomarker for all-cause mortality.

Population
Studies recruited subjects with acute ischemic stroke.

Indicator
Elevated troponin levels were used as an indicator at the
acute phase of the stroke.

Comparison
Comparison was made low baseline acute phase
troponin versus high troponin level.

Outcome
The outcome was all-cause inhospital mortality or
mortality at follow-up.

Study design

This study was a meta-analysis artcle.

Literature search

The following electronic databases such as PubMed,
Web of Science, Cochrane Central Register of Controlled
Trials, TRIP Database, and ClinicalTrials.gov were
used for obtaining the relevant articles from literature
from the year 2000 onward to May 2020. The following
combinations of search keywords were used for obtaining
the relevant articles from literature “Troponin” AND
“prognosis” OR “outcome” OR “mortality” AND “brain
stroke” OR “ischemic stroke” OR “cerebral infarction.”
Filters were applied to human studies, clinical trials,
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and subjects with age 18 above. No language barrier
was applied. Manual searches of the references list of
the retrieved articles were also conducted. The study
was registered in OSF registries DOI's 10.17605/OSF.
I0/D95GN. Data were extracted in standardized data
collection by two independent investigators. Any
disagreements were resolved by consensus.

Ethics committee approval
It was not applicable as this is a meta-analysis article.

Study eligibility

Inclusion Criteria

Studies were included if they fulfill the following

inclusion criteria and exclusion criteria:

* Study design: Observational studies (prospective or
retrospective)

e Participants: Studies included subjects with acute
ischemic stroke

* Exposure: Studies should have reported at least a
one-time assay of the blood level of cTnT or ¢Tnl at
the time of admission

* Qutcome measure: Studies reported inhospital
mortality or mortality at the last follow-up.

Exclusion criteria

Studies were excluded if conducted on patients with
hemorrhagic stroke and insufficient data to extract the
exposure and outcome data.

Statistical analyses

The random-effects model was used in case of
heterogeneity of more than 50%; otherwise, a fixed-effects
model was applied to determine the pooled estimate of
effect size. To examine the methodological quality, we
used the Newcastle-Ottawa Scale for included studies
in the meta-analysis.!""! Pooled estimates reported as a
hazard ratio (HR) with a 95% confidence interval [CI].
I-square was used to measure heterogeneity. All the
statistical analyses were conducted using software
STATA version 13.0 (StataCorp. 2013. Stata Statistical
Software: Release 13. College Station, TX: StataCorp LP).

Results

Search results

Our initial search identified a total of 2,959 studies
using electronic database searching and manual search.
After screening titles and abstracts, 2,810 articles were
excluded because they were either irrelevant or not
related to the topic, resulting in 149 articles for further
review. After screening them, 101 articles were further
removed, yielding a total of 48 articles. Full text of
all these 48 articles was downloaded and reviewed
extensively, yielding 19 articles to be included in the
present meta-analysis involving a total of 10,519 subjects.

Brain Circulation - Volume 7, Issue 2, April-June 2021
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The flowchart for the selection of relevant studies is
given in Figure 1.

Characteristics of included studies

Nineteen studies were included in the final
meta-analysis. In the present meta-analysis, two
studies were from Norway,®!? one from China,"!
two from Denmark,!'*"! two from Germany,!'*'”! one
from Israel,"® one from Italy,”! one from Korea,!"” one
from New Zealand,”! two from Poland,??!! one from
Slovenia,” one from Spain,/* one from Taiwan,* one
from the UK, and two from the USA.**?] Among
all twelve were prospective cohort study!” 1216202225271
and seven were retrospective cohort study.[817.18192324.2¢]
Studies included a minimum of 40" to a maximum

of 1,718 patients. Baseline characteristics of the
included studies considered in the present study are
given in Table 1.

Meta-analysis findings

The present meta-analysis findings suggested that
the elevated blood troponin levels in acute ischemic
stroke are significantly increased the risk of inhospital
mortality (HR 2.34, 95% CI 1.30-3.38) [Figure 2a] and
also at the last follow-up mortality (HR 2.01; 95%
CI1.62-2.40) [Figure 2b]. Meta-regression analysis did not
observeasignificanteffect of age on the effect size associated
with inhospital mortality (P = 0.57) [Figure 3a] and at the
end of last follow-up mortality (P = 0.61) [Figure 3b].
Sensitivity analysis by removing a single study by
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Figure 1: Study flow diagram
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Figure 2: (a) Association of acute-phase troponin level with inhospital mortality. (b) Association of acute-phase troponin level with last follow up mortality
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Table 1: Baseline characteristics of the included studies in the meta-analysis

Authors Country Study design Mean age+SD Patients Cutoff value Type of assay Abnormal cTn (%)
Trooyen et al., 200112 Norway PCS - 40 >0.4 pg/L cTnl -
James et al., 20001 New Zealand PCS 82 181 >0.1 cTnT -
Guerrero-peral et al., 20022 Spain RCS - 42 0.1 cTnT -
Maliszewska et al., 2005[2" Poland PCS - 196 >0.1 cTnl -
Di Angelantonio et al., 2005 Italy PCS 56.6+12.9 330 0.1 ng/ml cTnl 16.3
Jensen et al., 2007!'4 Denmark PCS 68.7+13.1 244 0.03 pg/L cTnT 10
Barber et al., 200712 UK PCS 73 222 >0.2 pg/L cTn1

Scheitz et al., 201201'7) Germany RCS 66 to 84 715 0.03 pg/L cTnT 14
Hajdinjak et al., 20122 Slovenia PCS 70+12.1 106 0.04 pg/L cTnT 15.1
Jensen et al., 20129 Denmark PCS 69.4+12.1 193 14 ng/mL HS-cTnT 33.7
Scheitz et al., 20140°) Germany PCS 61-88 1016 14 ng/ml Hs-cTnT 60
Faiz et al., 20141 Norway RCS 65-83 287 14 ng/ml HS-cTnT 54.4
Lasek-Bal et al., 201429 Poland PCS 72+11 1068 0.014 ng/ml HS-cTnl 9.7
Maoz et al., 2015!"® Israel RCS 73.9+12.9 212 0.03 pg/L HS-cTnT 16.5
Peddada et al., 2016/2° USA RCS 65+15 1145 0.12 ng/mi HS-cTnl 17.0
Su et al., 201624 Taiwan RCS 72.3+13.6 871 0.01 pg/L cTnl 16.8
Batal et al., 201627] USA PCS 67+15 1718 0.10 pg/L cTnl 18
Sung et al., 201719 Korea RCS 66+12.4 1692 >0.004 ng/ml cTnl -
Sui et al., 2019 "3 China PCS 76 241 14 ng/L HS-cTnT -

SD: Standard deviation, cTnl: Cardiac troponin |, cTnT: Cardiac troponin, HS: High-sensitivity, PCS: Prospective cohort study, RCS: Retrospective cohort study

=4
o
w | o
3
e @)
© -
g Ed
el
g Oy
& w4
S O
2 " O
. QO .
65 70 75 s i : ' :
55 60 65 70 75,
E Age E Age

Figure 3: (a) Meta-regression analysis (effect of age on the effect size associated with inhospital mortality). (b) Meta-regression analysis (effect of age on the effect size
associated with last follow up mortality)associated with last follow up mortality)
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Figure 4: (a) Sensitivity analysis for association of high troponin level with inhospital mortality. (b) Sensitivity analysis for association of high troponin level with follow-up

mortality

turns indicated that there was no obvious impact of any
individual study on the pooled risk estimate in inhospital
mortality [Figure 4a] and follow-up mortality [Figure 4b].
No asymmetry was observed in funnel plots in the
case of inhospital mortality [Figure 5a] and follow-up
mortality [Figure 5b].
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The presence of cardiac disease in stroke patients may
confound the meta-analysis findings. Hence, we used
meta-regression analysis keeping the percentage of
cardiac disease as a moderator variable for determining
an independent association between high baseline
troponin and inhospital or follow-up all-cause mortality.

- Volume 7, Issue 2, April-dune 2021
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In the meta-regression analysis, we did not observe
the significant confounding effect of the presence of
cardiac disease on inhospital (P = 0.61) and follow-up
mortalities (P = 0.89) [Figure 6a and b].

The methodological quality of studies included
in the meta-analysis using the Newcastle-Ottawa
Methodological Quality Scale score varies
from 6 to 8 [Table 2]. We also used the quality-effects
model in which we observed no significant effect of
methodological quality for the findings observed for
both inhospital and follow-up mortalities [Figure 7a
and 7b].

Discussion

The findings of the present study demonstrated that elevated

troponin levels are statistically significantly associated with
inhospital and at the end of last follow-up mortalities.

Several studies have shown elevated levels of troponin
enzymes in patients with acute ischemic stroke.®!
Preclinical studies and observations made in the patients
with the critical nonneurological illness have led to the
theory, this represents cardiac injury due to elevated
levels of circulating catecholamine.” The available
evidence supports the hypothesis that catecholamine
causes cardiac injury. Elevated troponin level results
in the nonspecific physiologic stress response.”! An
earlier meta-analysis demonstrated that elevated levels
of troponin at baseline result in higher inhospital
mortality in patients with ischemic stroke.! The
finding of the current meta-analysis also observed
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Figure 5: (a) Funnel plot showing no significant publication bias for outcome inhospital mortality. (b) Funnel plot showing no significant publication bias at the end of follow-up
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Figure 6: (a) Association of acute-phase troponin level with inhospital mortality after adjustment of confounding effect of the presence of cardiac disease. (b) Association of
acute-phase troponin level with follow-up mortality after adjustment of confounding effect of the presence of cardiac diseaseacute-phase troponin level with follow-up mortality
after adjustment of confounding effect of the presence of cardiac disease
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similar findings which suggest that elevated levels of
troponin is a predictor for in-mortality and follow-up
mortalities.

Previously published studies in literature observed
that elevated troponin level is associated with all-cause
mortality in all types of stroke.!">'”! A study showed that
baseline troponin level was also found to be a predictor
of poor outcomes in inhospital and last follow-up,!l
irrespective of the acute coronary syndrome. Higher
blood troponin level during the acute phase in the patient
with acute spontaneous intracerebral hemorrhage
was also found to be linked with poor outcome.?> A
meta-analysis also demonstrated an increased risk of
cerebral ischemia and death in patients with spontaneous
subarachnoid hemorrhage. A recently published
meta-analysis involving 12 studies consisting of 7,905
subjects also observed that baseline elevated troponin
levels associated with all-cause mortality in patients
with acute ischemic stroke.'”? The present updated
meta-analysis included 19 studies involving a total of
1,0519 subjects, also supports the finding observed in the
previous meta-analysis which indicated the prognostic
significance of elevated troponin level at baseline for
ischemic stroke patients. Stratified analysis in the
present study suggests the risk of mortality is higher in
inhospital patients as compared to follow-up mortality.
Considering the presence of cardiac disease at the acute
stage of stroke may disrupt the association observed in
the present study, we adjusted the confounding effects
caused due to cardiac disease in the meta-regression
analysis. The absence of a significant confounding
effect was noted down in the association observed in
the present study further strengthen the independent
prognostic significance of baseline troponin level for
predicting inhospital or follow-up mortality. Our
quality-effects model also observed the significant role of
higher troponin levels as a prognostic factor at baseline
for predicting mortality after acute ischemic stroke.

Our study has clinical relevance in terms of determining
the predictive power of baseline troponin in cases with
acute ischemic stroke. Higher troponin levels in the
acute time of the event can help in the stratification of
patients with ischemic stroke for predicting poststroke
mortality. Comorbid risk factors may be assessed in case
of higher troponin levels at baseline for the management
of patients with stroke.

Limitation of the study

The study has several limitations (1) individual patient
data were not available to adjust the confounding effect
of variables; therefore, the risk may be overestimated
in the present study, (2) differences in cutoff values,
assay method, and follow-up period in the individual
studies may have contributed to heterogeneity in the

Brain Circulation - Volume 7, Issue 2, April-June 2021

present study, (3) prognostic significance of troponin
value may vary as per different subtypes of ischemic
stroke; therefore, the finding of the present study could
not be generalized in all ischemic stroke cases, and (4)
the other influential factors like the presence of cardiac
disease data may disrupt the association noted down in
the study, although we adjusted its confounding effects
in meta-regression analysis. Although we have used
robust methodologies, the differences in ethnicity, race,
the severity of the stroke, the intervention performed,
and associated comorbidities limit the generalizability
of the study findings.

A higher blood level of cardiac troponin during the
acute phase of ischemic stroke has the potential to
become a useful predictor for inhospital mortality
and follow-up mortality. The findings of the current
meta-analysis provide a signal that it is worthwhile to
conduct further larger prospective studies specifically
designed to validate the findings observed in the current
meta-analysis.

Conclusion

Our meta-analysis indicates that a higher level of
troponin during the acute phase of ischemic stroke might
be an important prognostic biomarker for mortality
prediction. The study might have clinical implications
of using troponin as a prognostic biomarker for patient
stratification and early intervention. Knowledge of
predictive factors of mortality and functional outcomes
after acute ischemic stroke is important for optimal
planning of poststroke care. Further, well-designed
randomized prospective prognostic studies are needed
to validate the findings observed in the present
meta-analysis.
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