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Abstract

Background: Quite a lot of articles have been printed confirming the central
nervous system's role in regulating the heart and hence ECG morphology.
There are conflicting outcomes on the likely role of cardiac troponin (CT) and
creatine kinase (CK) in stroke patients. Raised cardiac enzymes during stroke
probably as a thrombo-embolic sequel of the initial cardiac injury or the
cardiac injury could be a sequel to the initial stroke. This study was intended
to evaluate the prognostic implication of CT-T and CK-MB in patients with
acute ischemic stroke (AIS).

Material and methods: This single-center cross-sectional study included
seventy inpatients admitted with acute ischemic stroke (AIS). History, 12-
leads-ECG, and blood sampling for CT-T and CK-MB levels were performed
for all candidates. Then, these variables were analyzed based on the stroke
severity that was assessed using Scandinavian Stroke Scale (SSS) and on the
in-hospital short-term fate (death or survival) registered. SPSS was the
referenced software for the statistical analysis.

Results: the mean age of AIS patients was 60 years (range of 35-85) with a
preponderance of males 46 (65.7%). Minority of patients revealed CT-T
levels > 0.035ng/ml (22.9%) and CK-MB> 25IU/L (35.7%). Abnormal ECG
findings were observed in < 50% of the patients and in m<2/3"™ of them the
SSS were > 20, with a survival rate of (81.4%). There was more serum CT-T
elevation among the patient group with abnormal ECG, more stroke severity,
and in-hospital death (p>0.05). While there was a non-significant association
(p>0.05) of elevated CK-MB levels with ECG abnormalities, stroke severity,
and in-hospital death.

Conclusion: There were higher CT-T serum levels among AIS patients,
which can result from skeletal muscles, neurological, or cardiac origins.
Raised CT-T levels were associated with stroke severity and in-hospital
mortality and in combination with (ischemic-like) ECG changes in DM or
hypertensive patients may point toward asymptomatic myocardial injury that
warrants attention among those with positive CT-T measures. Meanwhile, the
raised CK-MB level was not associated with abnormalities, stroke severity,
in-hospital mortality, and possibly of non-cardiac origin.

Keywords: Troponin-T, CK-MB, stroke, ischemic heart diseases, myocardial
infarction, death, ECG.
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Introduction

Though still debatable, the clinical and
observational research has shown associations
between cardiac ischemia and numerous
biomarkers such as C-reactive protein [1-3], atrial
natriuretic peptides [4], cystatin-C [5], troponins
[4, 6], uric acids [7], creatine-kinase (CK) [8], and
others. As crucial for various cellular energy
metabolism, the CK enzyme expresses extensively
in tissues, particularly in tissues of muscle and
brain. There are three CK isozymes, which are
tissue-specific (CK-BB, CK-MB, and CK-MM) in
the cytoplasm [9]. While the CK-BB isozyme
exists primarily in the brain, the CK-MB in the
cardiac muscles, and CK-BB in the skeletal
muscles. CK and/or CK isozymes were shown to
be raised in cerebrovascular accidents (CVA) or
stroke, myopathies, and myocardial injuries, and
were applied as biomarkers of tissue damage [10].
Stroke is a term used to describe a disorder of
sudden onset of neurological deficits resulting
from changed vascularity, triggering ischemia or
hemorrhage, resulting in variable loss of brain
activities [11].

Early detection of stroke-related conditions may
help to eliminate lethality and improve the
outcomes. Central nervous system (CNS)
metabolic variations have long been known to
impact cardiac activities [12]. Quite a lot of
articles have been printed confirming the
hypothalamic role in regulating heart rhythm.
Morphological electrocardiogram (ECG) changes
of repolarization type occur when the
hypothalamus and other parts of the brain are
stimulated experimentally [13].

In clinical practice, cardiologists often encounter
biomarkers of myocardial ischemia and ECG
changes are associated with prognosis in patients
with stroke [14]. The most popular cardiac marker
in patients with stroke is troponin. The “2015
American Heart Association/American Stroke
Association guidelines” acclaim cardiac work-up
of cases with spontaneous cerebral bleeding,
including both troponin and ECG, to evaluate
active myocardial ischemia [15]. Cardiac
troponins-1 and T (CT-1 and CT-T) are recent

biomarkers of myocardial damage with high
specificity and sensitivity [4, 11, 16, 17].

Nevertheless, there are conflicting outcomes on
the likely role of CT-T in stroke patients. Raised
cardiac enzymes during stroke probably as a
thrombo-embolic sequel of the initial cardiac
injury or the cardiac injury could be a sequel to
the initial stroke [18].

This study was intended to evaluate the prognostic
implication of CT-T and CK-MB in patients with
acute ischemic stroke.

Patients and methods
Study design and sampling

This single-center cross-sectional study included
seventy stroke patients and was conducted from
April to October 2021. All patients diagnosed
with acute ischemic stroke (AIS) by the
neurologists in Merjan Teaching Medical City
were enrolled consecutively and prospectively in
this study. The diagnosis of AIS was based on a
history of any neurological deficit, general and
neurological examination, as well as brain
imaging (CT or MRI scanning).

Data from the patients regarding the previous
history of previous stroke, diabetes, hypertension,
and tobacco smoke, were recorded also.

The exclusion criteria included any condition that
may increase serum CT-T levels rather than
strokes, like myocardial ischemia or failure and a
history of cardiac surgery or catheterization.

Electrocardiography

Twelve lead ECGs were recorded for all the
patients at admission on the first day of admission,
interpreted by a cardiologist, and classified into
normal and pathological based on the modified
Minnesota code [19].

Venous blood drains were investigated for CT-T
and CK-MB from all participants (after 12-24
hours of admission). CT-T was measured by the
VIDAS immunoassay kit (Biomeruex®, France).
While Ck-MB has been measured by
spectrophotometric assay kit (Biolabo®, France).

Statistical analysis
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The serum measures of CT-T were classified as
high (>0.035), or normal (<0.035) ng/ml as “the
European Society of Cardiology and American
College of Cardiology” commend 0.035 ng/ml as
the CT-T cutoff value for the diagnosis of cardiac
injury [20]. Likewise, CK-MB readings were
classified also into high (>25) and normal (<25)
IU/L. The severity of AIS was evaluated by “The
Scandinavian Stroke Scale (SSS)”, accordingly,
AIS patients were divided into severe (SSS >20)
and less severe (SSS< 20). The Chi-square test
was used to study the correlation between the
parameters. P-value <0.05 is significant. SPSS-
version-15 was utilized to analyze the statistical
results.

Results

A total of 70 patients with AIS were registered in
the study, with a preponderance of males 46
(65.7%), and a mean age of 60 years old (range of
35-85years). The mean duration of admission was
4 days (range 3-7days). Minority of AIS patients
revealed CT-T levels > 0.035ng/ml (22.9%) and
CK-MB> 25IU/L (35.7%). Abnormal ECG
findings were observed in less than half of the AIS
patients, and in more than two third of them the
SSS were > 20. Hypertension was present in
47.1%, while 18.6% were diabetic. The survival
rate of AIS patients in this study was very good
(81.4%), (Table 1).

Table-1: basal characteristics of the included stroke patients (N-70)

Variables Descriptive Statistics
Male 46 (65.7%)
0,

Gender N (%) Females 24 (34.3%)

Age/years (Mean+ SD) 60 + 8.2
Duration of admission (Mean £ SD) 4+2.1/days
i Normal (< 0.035) 54 (77.1%)
CT-T (ng/ml) High (> 0.035) 16 (22.9%)
i Normal (<25) 45 (64.3%)
CK-MB (1U/L) High (>25) 25 (35.7%)
L Normal 38 (54.3%)
ECG Findings Abnormal 32 (45.7%)
Scandinavian  stroke | > 20 48 (68.6%)
scale <20 22 (31.4%)
Hyvpertension Positive 33 (47.1%)
yp Negative 37 (52.9%)
. . Positive 13 (18.6%)
Diabetes mellitus Negative 57 (81.4%)
. Survived 64 (81.4%)

In hospital fate Dead 6 (8.6%)

“ECG findings include (ST segment, T wave, AV conduction, Ventricular conduction) abnormalities, and/or
AF, based on a modified version of the Minnesota code.

Table 2 revealed a significant association of CT-T classes with the presence or absence of ECG
abnormalities. There was more serum CT-T elevation among the patient group with abnormal ECG. While
there was a non-significant association of CK-MB levels with ECG abnormalities.

Table 2: Association of the classes of CT-T and CK-MB with the electrocardiographic abnormalities

No ECG changes | ECG changes Total P-value
CT-T = 0.035| 35 94,705 18 (56.2%) 54 (77.1%)
(cn1q{$|) > 0.035 0.01
(ngin) 03515 (5.30) 14 (43.8%) 16 (22.9%)
2147 | MEERP LTD IMRHS 5 (7), 2145-2152 (2022)
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(CI UK/'LI‘)IB = 25 55 (55.6%) 20 (44.4%) 45

CK-MB > 25 > 005
0, 0

(L) 13 (52%) 12 (48%) 25

The stroke severity was greater significantly (p-0.05) in patients with elevated serum CT-T group (>
0.035ng/ml). There was no association of the stroke severity with CK-MB classes, (Table 3).

Table 3: Association of the classes of CT-T and CK-MB with the classes of the Scandinavian stroke

scale
SSS > 20 SSS<20 Total P -value
CT-T <0.035 (ng/ml) 43 (89.6%) 11 (50.0%) 54 (77.1%) 0.05
CT-T > 0.035 (ng/ml) 5 (10.4%) 11 (50.0%) 16 (22.9%)
CK-MB <25 (IU/L) 31 (64.6%) 14 (63.6%) 45 (64.3%) 5 0.05
CK-MB > 25 (1U/L) 17 (35.4%) 8 (36.4%) 25 (35.7%0

There was a significant correlation between patients with elevated CT-T levels with in-hospital death (p-
0.05), which was not the case for the correlation of CK-MB levels with in-hospital mortality (p> 0.05),
(Table 4).

Table 4: Distribution of the classes of CT-T and CK-MB according to the in-hospital fate (survived or

dead)
Survived Dead Total P-value
CT-T <0.035 (ng/ml) 52 (81.2%) 2 (33.3%) 54 (77.1%) 0.05
CT-T > 0.035 (ng/ml) 21 (18.8%) 4 (66.7%0 16 (22.9%)
CK-MB <25 (IU/L) 40 (62.5%) 5 (83.3%) 45 (64.3%)
CK-MB > 25 (1U/L) 24 (37.5%) 1 (16.7%) 25 (53.7%) > 005

There is no analogous correlation between serum CT-T elevations with increased serum CK-MB. Serum
CK-MB was not increased in most of the AIS patients, which showed higher CT-T serum levels, instead, it
increased mainly in patients with normal CT-T blood levels (Table 5).

Table 5: Association of the CT-T with the CK-MB among the studied stroke patients

CK-MB > 25 P-value
CK-MB <25 (1U/L) (U/L) Total
g]g;;l) < 0.035) 35 (80.0%0 18 (72.0%) 54 (77.1%)
CT-T > 00354 50 00) 7 (28.0%) 16 (22.9%) 7O
(ng/ml) .U70 .U70 .J70
Discussion biomarkers and ECG in patients with AIS can to

some extent enlighten and predict the in-hospital

Though this study was not the first in Iraq that fate

inspect the levels of circulating CT-T and CK-MB
among patients with AIS, however, it was the first
to assess their prognostic ability in stroke patients.
The study concluded that the changes in cardiac

The main outcomes of the current study were the
association of elevated serum CT-T (but not CK-
MB serum levels) with abnormal ECG, more
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stroke severity, and more in-hospital death. There
have  been  several  experimental, and
interventional trials inspecting the link between
cardiac biomarkers and CVAs [10-12, 14]. An
increasing body of literature supports, though it is
not conclusive, the outcomes of the current study.
In a Nigerian case-control prior study, Suleiman
HM. et al. found that the mean plasma CT-T and
CK-MB levels were greater in AIS patients
compared to the controls and concluded that
plasma levels of CT-T are a significant marker of
the severity of AIS [21]. Bogarapu K. et al.
suggested that stroke patients have elevated serum
CK-MB values that do not inevitably specify
coronary ischemia [22]. Along similar veins, a
systematic review deduced that high CT-T levels
after AIS are common, related to ECG
abnormalities indicative of cardiac injuries, and
increased mortality risk [23].

As a rebuttal to this view, it might be argued that
not only is the basis of increased CT-T levels
indistinct, but as well its scientific implication.
Some revisions have described an independent
correlation of CT-T with both death and the poor
outcome [23]. Still, other scholars have revealed
that CT-T was not an independent prognosticator
of mortality [24].

The precise mechanism of cardio-cerebral
association is indefinite; still, scientists ascribed it
to the central sympathetic activation due to
damage to the insular cortex [24], resulting in a
cardiac consequences like cardiomyocyte injuries,
increased serum enzymes, and arrhythmias are
known to develop in some cases of CVAs [21].
High concentrations of catecholamines in the
heart cause calcium overload in cardiomyocytes
that inhibit cardiac contractility owing to the
disturbed capillary perfusion resulting from
enhanced platelet aggregation [25]. Yet, the
experimental results of insular involvement are
still unreliable, and some studies did not expose a
difference in ECG or blood cardiac enzyme
effects between left and right cerebral hematoma
[13]. One possible explanation is the central
regulation of the sympathetic system was not only
in the insular cortex, but also cingulate gyrus,
amygdala, and hypothalamus [26]. Central cardiac
autonomic centers may also include the extra-

insular regions and their interconnecting fibers
[27].

The physiological role of CK is to catalyze the
reaction between creatine and ATP to produce
creatine phosphate and ADP, which are vital for
cellular energy metabolism. Several reports
disclosed increased serum CK-MB values in
patients with AIS [10, 22, 28], but the causes
remained debated. Many academics assumed that
elevated serum CK levels following AIS perhaps
initiated from skeletal muscles instead of cardiac
muscles or brain tissue [29]. The brain neurons
have the CK-BB subunit; this may also elucidate
the probable secondary high CK-MB caused by
brain damage [30]. Nevertheless, the
manifestation of AIS was not typically associated
with significant CT-T elevation and ultimate
diagnosis of myocardial injuries [4, 31]. Hence,
elevated CK-MB and ECG changes after AIS
could be neurogenic rather than cardiac in origin.

Supporting the outcomes of the present study, a
preceding study showed that high CK-MB was not
significantly associated with stroke recurrence and
outcomes [10, 29]. This discrepancy might be due
to the detection timing of AIS, site of brain
infarction, and degree of brain tissue or blood-
brain barrier injury [32].

Tumor-necrosis-factor (TNF) is a lympho-
cytokine that has a crucial role in chronic
inflammation [33, 34]. TNF and CK-MB were
found to be independent predictors of mortality in
patients with  myocardial ischemia [35].
Furthermore, studies have exposed that the
evolution and outcome of AIS are influenced by a
complex association of the blood-brain barrier
with TNFa [36]. In these backgrounds, TNF
seems to share a mutual role in AIS and
myocardial ischemia, though the precise
mechanism is unclear.

In the current study, the incidence of ECG
changes in AIS can be elucidated by neural and
cardiac causes [32, 37]. The neural cause was
ascribed, to raised intracranial pressure and insular
injury and mainly rhythm and conductive
irregularity in nature [32]. Whereas the heart
causes of ECG variations resulted from cardiac
injury, which is owing to the stress exerted by
catecholamine  release  and/or  associated
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asymptomatic heart disease, which also resulted
from the stress exerted by AIS and ensuing acute
coronary syndrome. The ECG abnormalities here,
are more likely ischemic-like changes [32, 38].

In the present study, a significant association
(P<0.05) of high CT-T with stroke severity was
concluded and can be reinforced by the magnitude
and importance of brain zones involved by AlS.
As well, the study showed a significant
relationship (P<0.05) between high CT-T with in-
hospital death, which was supported by other
researchers [39]. The latter could be clarified by
the fact that every CVA is probable to exert
substantial cardiac stress on the patients [22].
Subjects with primary asymptomatic heart
disease, especially atherosclerosis, probably show
a decrease in pre-stroke contractile function.
Hence, raised CT-T may reflect subnormal
myocardial tolerance to stress induced by CVAs
[23]. Another potential explanation is a pre-
existing cardiac event caused the subsequent AIS
[39].

Consistent with other studies, there were
significant relationships between elevated CT-T
with hypertension and DM in this study. This can
be explained by the high prevalence of underlying
coronary sclerosis in patients with DM or
hypertension [11, 21, 22].

Pathologically, AlS-related myocardial ischemia
is characterized by dispersed focal lesions [40],
thus CT-T may exceed the -cutoff reading
(0.035ng/ml) with these minor quantities of
injured tissues. Whereas CK-MB usually remains
normal. Given this potent sensitivity of CT-T in
focal cardiac tissue injuries, CT-T levels above
the cutoff limit in stroke patients with suspected
cardiac damage are anticipated. However, in the
present work, the patients with AIS showed that
CT-T did not exceed the cutoff in most CK-MB
positive cases. Accordingly raised CK-MB values
detected in stroke patients did not reflect stroke-
related cardiac injuries. The source of the raised
CK-MB levels remains to be explained.

Alternatively, normal CT-T accompanied by high
CK-MB levels proposes that probably the elevated
CK-MB was of non-cardiac origin [31]. The latter
could include muscular injuries from injection
sites, adverse caloric setting, or a cardiac origin

but the raise reaches the measures of myocardial
ischemia and is equivalent to raised CT-T. Given
the expected non-cardiac CK-MB sources, it
poorly correlates with stroke severity and in-
hospital mortality.

The authors found that the measures of serum CT-
T are imperative in a patient with AIS, to
eliminate concomitant asymptomatic myocardial
ischemia, especially when ischemic-like ECG
changes and/or other risk factors were present.

Conclusion

There were higher CT-T serum levels among AIS
patients, which can result from skeletal muscles,
neurological, or cardiac origins. Raised CT-T
levels were associated with stroke severity and in-
hospital mortality and in combination with
(ischemic-like) ECG changes in DM or
hypertensive  patients may point toward
asymptomatic myocardial injury that warrants
attention among those with positive CT-T
measures. Meanwhile, the raised CK-MB level
was not associated with ECG abnormalities,
stroke severity, as well as in-hospital mortality,
and possibly of non-cardiac origin.
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