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Cardiac Vulnerability to Cerebrogenic Stress as a Possible Cause of

Troponin Elevation in Stroke
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Background—Troponin elevation with electrocardiography changes is not uncommon in patients with acute ischemic stroke;
however, it is still unclear whether the mechanism of these changes is due to cardiac problems or neurally mediated myocytic
damage. Thus, we investigated cardiac and neurological predictors of troponin elevation in those patients.

Methods and Results—We retrospectively analyzed medical data of the prospectively registered ischemic stroke patients on
stroke registry who were admitted and underwent a serum cardiac troponin | and 12-lead electrocardiography within 24 hours of
symptom onset. However, patients with well-known troponin-elevating comorbidities were excluded from the analysis. Among
1404 ischemic stroke patients, 121 (8.7%) had elevated troponin, which was defined as more than 0.04 mg/mL. Multivariable
analysis identified electrocardiography abnormalities such as QTc-prolongation (odds ratio [OR]: 1.52, 95% Cl: 1.02-2.28), left
ventricular hypertrophy (OR: 2.14, 95% ClI 1.43-3.19), Q-wave (OR: 2.53, 95% CI: 1.48-4.32), and ST elevation (OR: 2.74, 95%
Cl: 1.12-6.72) as cardiac variables associated with troponin elevation, and higher National Institutes of Health Stroke Scale score
(OR: 1.04, 95% CI: 1.01-1.07) and insular cortical lesions (OR: 2.78, 95% Cl: 1.85-4.19) as neurological variables associated with
troponin elevation. Incidence of troponin elevation as well as QTc-prolongation was increased further in combination with cardiac
and neurological factors.

Conclusions—Certain cardiac and neurological conditions in acute ischemic stroke may contribute to troponin elevation. The
proposed concept of cardiac vulnerability to cerebrogenic stress can be a practical interpretation of troponin elevation and
electrocardiography abnormalities in stroke patients. (/ Am Heart Assoc. 2016;5:e004135 doi: 10.1161/JAHA.116.004135)

Key Words: cardiac disease ° electrocardiography e infarction e insular ¢ troponin

troke and myocardial infarction share common risk
factors and pathological mechanisms;' therefore, a
higher proportion of patients with ischemic stroke have
concomitant coronary artery disease, which in turn leads to
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an increased risk of death as well as development of ischemic
stroke.? Thus, since 2007, the guidelines for the management
of ischemic stroke recommend to perform a 12-lead electro-
cardiography and cardiac enzyme test,>* particularly cardiac
troponin, which is a highly sensitive and specific biomarker of
myocardial damage.’

However, it still remains unclear whether the pathomech-
anism of troponin elevation during the acute stage of ischemic
stroke is due to the concomitant cardiac problems,6 noncar-
diac comorbidities,” or neurally mediated myocytic damage.®
Furthermore, ECG abnormalities are often challenging to
interpret because various ECG changes can be developed by
neurally mediated autonomic dysregulation after stroke (eg,
particularly when stroke involves the insular cortex or is
severe),”'® in addition to the previously developed ECG
abnormalities before stroke.

Therefore, the aim of our study was to investigate cardiac
and neurological predictors of troponin elevation and rela-
tionship between them during the acute stage of ischemic
stroke. We excluded patients with well-known troponin-
elevating comorbidities, and then ECG abnormalities, specific
lesion locations, and stroke severity were evaluated as
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possible cardiac and neurological factors affecting troponin
elevation during the acute stage of ischemic stroke.

Methods
Study Population

The consecutive patients who were admitted to the Asan
Medical Center due to acute ischemic stroke within 24 hours
of symptom onset between May 2007 and December 2011
were retrospectively evaluated. At admission, measurement
of serum cardiac troponin | and ECG were routinely performed
in all patients following the guidelines since 2007.% After
cardiac investigation, additional cardiac evaluations of
patients were performed by cardiologists if the tests were
suspected of indicating acute coronary syndrome.* Among
patients who were admitted to the stroke center, patients
were excluded if they were diagnosed with troponin-elevating
conditions, including acute coronary syndrome, impaired renal
function (estimated glomerular filtration rate <60 mL/min per
1.73 m?), and (3) congestive heart failure (having a history of
heart failure or reduced ejection fraction <40%) at admission.
Demographic features and conventional risk factors were
recorded, including hypertension (defined as receiving medi-
cation for hypertension, or blood pressure >140,/90 mm Hgon
repeated measurements), diabetes mellitus (defined as receiv-
ing medication for diabetes mellitus, fasting blood sugar
>126 mg/dL, or 2-hour postprandial glucose [PP2 >200 mg/
dL]), hypercholesterolemia (defined as receiving cholesterol-
reducing agents, or overnight fasting cholesterol level
>200 mg/dL), and current or recent (<6 months) history of
cigarette smoking. This study was approved by the Institutional
Review Board of Asan Medical Center, and written informed
consent was waived because of its retrospective design.

Assessment of Ischemic Stroke

Stroke severity was assessed using the National Institutes of
Health Stroke Scale (NIHSS) and classified into 3 groups
according to NIHSS scores (severe: >16 points, moderate:
<16 and >7 points, mild: <7 points)."" The cause of stroke
was classified according to the Trial of Org 10172 in Acute
Stroke Treatment (TOAST) criteria.'? The location of ischemic
lesion was assessed on diffusion-weighted magnetic reso-
nance images with special regard to neural structures known
to be involved in cardio-autonomic control, such as the insular
cortex.®

Cardiac Investigation

The lower limit of detection of serum cardiac troponin |
(Abbott Laboratories, Abbott Park, IL) was 0.006 ng/mL,

with significant elevation defined as a concentration
>0.04 ng/mL. All patients underwent 12-lead ECG (GE
Healthcare, Waukesha, WI) at admission, with the results
processed by the Marquette 12SL ECG Analysis Program.
The resultant 12-lead ECG waveforms were uploaded in
digital form and interpreted by a cardiologist according to a
modified version of the Minnesota code.'* Corrected QT
intervals (QTc) were calculated by Bazett’s formula and
defined as prolonged if the QTc in lead Il was >460 ms in
women and >450 ms in men.

Two-dimensional transthoracic echocardiography was con-
ducted in patients who were suspected of having cardiogenic
embolic or unknown etiologies of stroke and having cardiac
diseases. Wall motion abnormality (WMA) was defined as wall
motion score index >1 using a standard 16-segment model.
Regional WMA was determined by >2 akinetic segments
corresponding to a major epicardial coronary artery. Hyper-
trophic myocardium (HM) was defined as left ventricular mass
index >95 g/m? for women and >115 g/m? for men. Left
atrial enlargement (LAE) was defined as an anteroposterior LA
diameter >40 mm on M-mode echocardiography.'®'¢

Statistical Analysis

Continuous variables were compared using unpaired Student
t tests, and categorical variables using ? tests. Multivariable
logistic regression analyses were performed to identify
predictors of troponin elevation. Age, sex, and all clinical
variables with P<0.20 in the univariate analysis were included
in the multivariable logistic regression model. Because of
known existing collinearity between the involvement of the
insular cortical lesion and stroke severity,'” we implemented
2 models to identify cardiac and neurological predictors of
troponin elevation (eg, model 1 included NIHSS score as a
stroke severity and model 2 included insular cortical lesion
instead of NIHSS score). The results of the multivariable
logistic regression analysis are reported as odds ratio (OR)
and 95% CI. All reported P values were 2-sided, and a P<0.05
was considered statistically significant. All statistical analyses
were performed using SPSS for Windows version 17.0 (SPSS
Inc, Chicago, IL).

Results

Baseline Characteristics

Of the 1823 patients with acute ischemic stroke admitted to
our center between May 2007 and December 2011, 419
patients were excluded from analyses, as follows: acute
coronary syndrome during hospitalization in the stroke center
(n=18), renal impairment (n=210), and congestive heart
failure (n=56) or both (n=22), or because of inadequate
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quality of data (n=113) at admission. The remaining 1404
patients were included in this analysis. Their mean age was
65.0+12.4 years (range, 24-95 years), and 850 (60.0%) were
male. According to the ischemic stroke subtype, 470 (33.5%)
patients were classified as having a large-artery atheroscle-
rotic stroke and 351 (25.0%) patients were classified as
having a cardiogenic—embolic stroke mainly due to atrial
fibrillation (AF, n=281), valvular disease (n=23), or both
(n=19) and other causes with high/medium risk of cardio-
embolic source (n=28).

Table 1. Characteristics of the Study Groups

Cardiac Troponin |
Non-Elevated
Variable Elevated (n=121) (n=1283) P Value*
Age, y 67.2+13.9 64.8+12.2 | 0.07
Male 68 (56.2) 782 (61.0) | 0.31
Heart rate, beats 81.7+£18.8 77.3£17.6 | 0.01
per minute
Hypertension 75 (62.0) 773 (60.2) 0.71
Diabetes mellitus 23 (19.0) 289 (22.5) 0.37
Hyperlipidemia 21 (17.4) 281 (21.9) 0.25
Current smoking 31 (25.6) 414 (32.3) 0.13
History of ischemic 19 (15.7) 132 (10.3) 0.07
heart disease
NIHSS score on 7 [4-13.5] 4 [2-8] <0.01
admission,
median [IQR]
Insular cortical lesion 54 (44.6) 281 (21.9) <0.01
Stroke subtypes <0.01
Large artery disease 27 (22.1) 443 (34.6)
Cardiogenic embolism | 45 (36.9) 306 (23.9)
Small vessel disease 8 (6.6) 317 (24.7)
Undetermined etiology | 18 (14.8) 161 (12.6)
Other determined 24 (19.7) 55 (4.3)
etiology
ECG abnormalities
QTc-prolongation 57 (47.1) 401 (31.3) <0.01
LVH 49 (40.5) 308 (24.0) | <0.01
Nonelevated 38 (31.4) 305 (23.8) | 0.06
ST-T change
AF 27 (22.3) 223 (17.4) | 0.18
Q-wave 22 (18.2) 98 (7.6) <0.01
ST elevation 7 (5.8) 31 (2.4 0.03

Variables are presented as mean+SD, median (interquartile range [IQR]), or number (%).
AF indicates atrial fibrillation; ECG, electrocardiography; LVH, left ventricular
hypertrophy; NIHSS, National Institutes of Health Stroke Scale.

*P values are calculated by Pearson xz test or Student ¢ test as appropriate.

Prevalence and Predictors of Troponin Elevation

Troponin elevation was identified in 121 (8.7%) patients.
Patients with elevated troponin had more severe neurological
deficit, and higher percentage of insular cortical lesion and
more cardiogenic embolic subtype of stroke than other
etiologies than patients without troponin elevation. In terms of
ECG abnormalities, patients with troponin elevation had
higher rates of QTc-prolongation, left ventricular hypertrophy
(LVH), O-waves, and ST elevation than those without troponin
elevation (Table 1).

Multivariable logistic regression analyses were performed
to identify independent predictors of troponin elevation. Age,
sex, and all clinical variables including NIHSS score as a
stroke severity and ECG abnormalities with P<0.20 in the
univariate analysis were included in model 1. In model 2, an
insular cortical lesion was additionally included into the
baseline model 1 instead of the NIHSS score. In multivariable
model 1, QTc-prolongation (OR: 1.52, 95% Cl 1.02-2.28), LVH
(OR: 2.14, 95% CI 1.43-3.19), Q-wave (OR: 2.53, 95% ClI:
1.48-4.32), ST elevation (OR: 2.74, 95% Cl: 1.12-6.72), and
higher NIHSS score (OR: 1.04, 95% Cl: 1.01-1.07) were

Table 2. Multivariable Logistic Regression Analysis for
Predictors of Troponin Elevation

Model 1 Model 2
Variables OR 95% Cl OR 95% Cl
Age, per 1.01 | 0.99t0 1.02 | 1.01 | 0.99 to 1.03
1-year
increase
Male 098 | 0.63t01.54 | 1.04 | 0.67 to 1.64
Heart rate, 1.09 | 0.99to 1.21 | 1.09 | 0.99 to 1.21
per 10-beats
increase
Current smoking 0.79 | 04810 1.31 | 0.78 | 0.47 t0o 1.28
History of 131 | 0.751t02.30 | 1.20 | 0.68 to 2.11
ischemic
heart disease
QTc-prolongation 152 | 1.021t02.28 | 1.54 | 1.03 t0 2.30
LVH 214 | 14310319 | 2.08 | 1.39 to 3.12
Nonelevated 1.30 | 0.821t02.06 | 1.31 | 0.82t0 2.09
ST-T change
AF 0.74 | 04410126 | 0.70 | 0.41 to 1.19
Q-wave 253 | 1.48104.32 | 2.66 | 1.55 to 4.57
ST elevation 274 | 112106.72 | 3.31 | 1.35108.12
Admission NIHSS, 1.04 | 1.01 t0 1.07 N/A
per 1-point increase
Insular cortical lesion N/A 2.78 | 1.85104.19

AF indicates atrial fibrillation; LVH, left ventricular hypertrophy; N/A, not applicable;
NIHSS, National Institutes of Health Stroke Scale; OR, odds ratio.
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identified as predictors of troponin elevation. In model 2, an
insular cortical lesion (OR: 2.78, 95% CI: 1.85-4.19) was
identified as an additional predictor of troponin elevation
(Table 2).

Interaction of Cardiac and Neurological Factors
for Troponin Elevation and QTc-Prolongation

To investigate a relationship between cardiac and neurological
factors for troponin elevation, NIHSS score was transformed
as categorical variables and classified into 2 groups (eg,
severe to moderate: >7 points; mild: <7 points).

The incidence of troponin elevation increased linearly with
increased number of cardiac factors, both in patients with
mild (P<0.01) and moderate-to-severe (P=0.01) neurological
deficits, or both in patients with and without insular cortical
lesion (P=0.01 and P=0.01), with rates being higher in
patients with moderate-to-severe than mild neurological
deficits (OR=1.67, 95% Cl: 1.13-2.46) or higher in patients
with insular cortical lesion than those without insular cortical
lesion (OR=2.50, 95% Cl: 1.69-3.70) even after adjusting for
number of cardiac factors (Figure 1A and 1B).

The incidence of QTc-prolongation increased linearly with
increased number of cardiac factors, both in patients with
mild (P<0.01) and moderate-to-severe (P<0.01) neurological
deficits, or both in patients with and without insular cortical
lesion (P<0.01 and P=0.03), with rates being higher in
patients with moderate-to-severe than mild neurological
deficits (OR=1.54, 95% Cl: 1.21-1.96) or higher in patients
with insular cortical lesion than those without insular cortical
lesion (OR=1.45, 95% Cl: 1.12—1.88) even after adjusting for
number of cardiac factors (Figure 1C and 1D).

Incidence Troponin Elevation and QTc-
Prolongation With Adjustment for ECG Changes
and Drugs Affecting QTc-Interval

The incidence of troponin elevation was higher in patients
with moderate-to-severe than mild neurological deficits
(OR=1.76, 95% Cl: 1.13-2.72) among those without O-waves
or ST elevation on ECG, and higher in both patients with
insular cortical lesion than those without insular cortical
lesion (OR=2.66, 95% CI: 1.71-4.14 and OR=3.48, 95% ClI:
1.34-9.00, respectively) regardless of the presence of Q-wave
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Figure 1. Incidence of troponin elevation (A and B) and QTc-prolongation (C and D) as a function of the number of cardiac factors and stroke
severity, or the presence of insular cortical lesion. Cardiac factors (CF) included left ventricular hypertrophy, nonelevated ST-T change, atrial
fibrillation, Q-wave and ST elevation, but not QTc-prolongation. *P<0.05 by linear-by-linear association y? test. "P<0.05 after adjusting for

number of cardiac factors. OR indicates odds ratio.

DOI: 10.1161/JAHA.116.004135

Journal of the American Heart Association 4

HDOYVIASHY TVNIDIYO



Troponin Elevation in Stroke Ahn et al

A Troponin elevation
.50
&
S0
330 — OR=1.86—
£
§ 20
§ —*OR=1.76 1
% ) .
o
¢, B .
t
g Mild deficits Moderate to Mild deficits Moderate to
2 severe deficits severe deficits
Q-waveor ST elevation (-) Q-waveor ST elevation (-)
Cc QTc-prolongation
70
=
60
% 50 —*OR=164
240 —*OR=1.50—
éao
20
]
] 10
0
Mild deficits Moderate to Mild deficits Moderate to
& severe deficits severe deficits
Any drugs affecting QTc-interval (-) Any drugs affecting QTc-interval (+)

(o1

Troponin elevation

o
=]

3
=]

—*OR= 3.48 7

w
=]

nN
=]

—*0OR= 2.66—

Insular lesion (-) Insular lesion (+) Insular lesion (-) Insular lesion (+)

=
=]

Percentage of troponin elevation (%)
o

Q-waveor ST elevation (-) Q-waveor ST elevation (-)

D QTc-prolongation

_70

&

s 60

® 50 — OR=127-
E’m —*OR=2.00 1

E

E 30

5 20

H 10

[

g

s 1]

5 Insular lesion (-) Insular lesion (+) Insular lesion (-) Insular lesion (+)
a

Any drugs affecting QTc-interval (-) Any drugs affecting QTc-interval (+)

Figure 2. Incidence of troponin elevation after adjusting the presence of Q-waves or ST elevation on ECG (A and B) and incidence of
QTc-prolongation after adjusting the presence of Tany drugs affecting QTc-interval (C and D) according to the stroke severity, or the presence of
insular cortical lesion. OR indicates odds ratio. *P<0.05 after adjusting for age, sex, heart rate, hypertension, diabetes mellitus, hyperlipidemia,
smoking, and history of ischemic heart disease. "Any drugs affecting QTc-interval are listed in Table S2.

or ST elevation on ECG, even after adjusting for covariables
(Figure 2A and 2B).

The incidence of QTc-prolongation was higher in both
patients with moderate-to-severe than mild neurological
deficits (OR=1.50, 95% Cl: 1.02-2.23 and OR=1.64, 95% CI:
1.20-2.24, respectively) regardless of the presence of any
drugs affecting QTc-interval (Table S1), and higher in patients
with insular cortical lesion than those without insular cortical
lesion (OR=2.00, 95% Cl: 1.32-3.04) among those without
any drugs affecting QTc-interval, even after adjusting for
covariables (Figure 2C and 2D).

Echocardiographic Abnormalities as HM, WMA,
and LAE and ECG Changes

Among 1404 patients, 792 (56.4%) patients underwent
transthoracic echocardiography (Table S2). HM, WMA, and
LAE were identified in 292 (36.9%), 118 (14.9%), and 326
(41.2%) patients, respectively.

The incidence of echocardiographic HM was higher in
patients with troponin elevation than in those without
elevation (25 of 47 patients [53.2%] versus 150 of 536

patients [28%], respectively; P<0.01) among those without
positive LVH on ECG (Figure 3A). The incidence of echocar-
diographic WMA was higher in patients with troponin
elevation than in those without elevation (21.6% versus
11.2%; P<0.01) among those without positive Q-wave or ST
elevation on ECG, and showed a similar trend of higher
incidence in patients with troponin elevation than in those
without elevation (47.4% versus 26.1%; P=0.08) among those
with positive Q-wave or ST elevation (Figure 3B). The
incidence of echocardiographic LAE was not significantly
different between patients with and without troponin elevation
(45.6% versus 40.7%; P=0.40), and total number of AF was not
significantly different between patients with and without
troponin elevation regardless of the presence of the LAE
(Figure 3C).

Discussion

This study examined the prevalence and predictors of
troponin elevation during the acute stage of ischemic stroke
with reference to cardiac and neurological factors. The
percentage of patients with elevated troponin (8.6%) was
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Figure 3. Incidence of echocardiographic HM (A) and WMA (B) according to the related ECG change and
troponin elevation, and incidence of total AF (C) according to the presence of echocardiographic LAE and
troponin elevation. AF indicates atrial fibrillation; ECG, electrocardiography; HM, hypertrophic myocardium;
LAE, left atrial enlargement; LVH, left ventricular hypertrophy. RWMA/WMA, regional/wall motion
abnormalities; TE, troponin elevation. *P<0.05 by y? test. p<0.05 by x? test for difference of total number

of abnormalities.

lower than in previous studies (7.8-33%),'® because patients
with troponin-elevating comorbidities were excluded. After
multivariable analysis, several ECG abnormalities, as well as
specific lesion location and stroke severity, were identified as
predictors of troponin elevation. In addition, we could identify
the synergistic effect of the combinations of cardiac and
neurological factors leading to the troponin elevation as well
as QTc-prolongation because the incidence of troponin
elevation and QTc-prolongation was sequentially increased
by an increasing number of cardiac factors, and further
amplified by the combination of more severe neurological
deficits or insular cortical lesion (Figure 1). Furthermore, we
could reconfirm the above relationship even after adjustment
for a potential confounder such as an underlying cardiac
problem with ischemic ECG changes (eg, indicating a prior or

recent ischemia or infarction leading to troponin elevation) or
drugs affecting the QTc-interval (Figure 2).

We identified ECG abnormalities, such as LVH, Q-wave,
and ST elevation, as cardiac factors affecting troponin
elevation during the acute stage of ischemic stroke. LVH
represents an increase in left ventricular mass,'’ and may
result in troponin elevation due to mismatch of supply and
demand in myocardial oxygen.?® Abnormal Q-wave is indica-
tive of myocardial necrosis after myocardial infarction and is
associated with the extent of myocardial injury.?’ ST
elevation is indicative notably of myocardial infarction along
with various cardiac conditions, such as LVH, bundle branch
block, coronary vasospasm, and Takotsubo cardiomyopa-
thy.?? Therefore, electrocardiographic LVH (hypertrophically
remodeled myocardium), Q-wave (damaged myocardium by
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Cerebrogenic stress

Vulnerable heart with and without cerebrogenic stress

by insular cortical lesion
by severe stroke
with newly provoked QTc-prolongation

Troponin elevation

due to hypertrophic myocardium
due to damaged myocardium by prior or new-onset ischemia
with predisposed QTc-prolongation

Figure 4. Suggested explanation of troponin elevation in acute stage of ischemic stroke. Troponin
elevation may be synergistically induced by a combination of provocative cerebrogenic stress (eg, after
insular cortical lesion [major or minor involvement; A and B] or severe stroke) and vulnerable heart (eg,
hypertrophic or damaged myocardium). QTc-prolongation may be a composite marker for reflecting both
predisposed and newly provoked prolongation due to the underlying cardiac problems and provocative

cerebrogenic stress.

ischemia), and ST elevation may reflect cardiac vulnerability
to ischemia and may consequently lead to troponin elevation.
This hypothesis is in agreement with currently suggested
definition of type 2 myocardial infarction (eg, injury related to
supply/demand imbalance of myocardial ischemia including
tachy-/bradyarrhythmia, hypertrophic cardiomyopathy, hyper-
tension with or without LVH, and coronary spasm or
endothelial dysfunction)® in that vulnerable myocardial con-
ditions are important sources of troponin elevation. Actually,
the incidence of echocardiographic HM and WMA, which
represented more severely deformed/damaged myocardium
than single ECG change alone, was also higher in patients
with troponin elevation than in those without elevation
regardless of the related ECG changes (eg, LVH and O-wave
or ST elevation). Thus, troponin elevation can indicate
vulnerable cardiac status comprising detectable and unde-
tectable structural abnormalities beyond the single ECG
abnormalities.

The present study also showed that insular cortical lesion
and severe stroke were independently associated with
troponin elevation, and that troponin elevation was amplified
by a combination of cardiac factors. The presence of insular
cortical lesion is known as a risk factor for cardiac compli-
cations.®?® The pathomechanism may be due to the loss of
central inhibitory control, leading to autonomic derangement
and increased sympathetic tone,® and consequently accom-
panied by elevated troponin.” These reactions are also
frequently found in patients with severe stroke.'®?* However,
patients with extensive hemispheric infarction often have
more insular lesion,'” thus multicollinearity should be con-
sidered between these factors.

We found that QTc-prolongation was the most common
ECG abnormality and one of the cardiac factors associated
with troponin elevation. In addition, QTc-prolongation was
closely associated with both cardiac and neurological factors
the same as troponin elevation (Figures 1 and 2).
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QTc-prolongation represents a ventricular repolarization delay
and is related to diverse etiologies including LVH, ischemic
heart disease, certain drugs, dyselectrolytemia, hypertension,
diabetes mellitus, and stroke.?® Neuromediated autonomic
dysregulation has also been suggested as a potential
mechanism of QTc-prolongation in stroke similarly to troponin
elevation.?* Therefore, QTc-prolongation is a composite
cardiac marker reflecting both neurological and cardiac
conditions. Taken together, our findings point to 2 different
clinical implications of troponin elevation and ECG abnormal-
ities in the acute stage of ischemic stroke as representing (1)
primary changes by predisposed cardiac problems and (2)
secondary changes superimposed on the primary changes
before and after stroke (Figure 4).

Interestingly, the incidence of LAE and total AF was not
different between patients with and without troponin eleva-
tion, otherwise the incidence of total AF was closely
associated with the presence of LAE despite initial exclusion
of patients with suspected heart failure (Figure 3C). Recently,
cardiac troponins have been known to be associated with
incident AF in the general population,?® and are associated
with delayed diagnosis of AF after stroke.?” However, it is still
unclear whether the pathomechanism of troponin elevation in
AF is due to AF itself (eg, accompanying tachycardia with a
fast ventricular response) or due to pre-existing heart failure
with or without LAE.?® Thus, our results could suggest that
structural heart problems may play an important role in the
identification of newly detected AF in stroke patients. Future
studies are needed to clarify whether troponin elevation in AF
is related to the structural heart problem or to AF itself in a
large number of patients.

This study had several limitations. First, the design of the
study was retrospective and the study was performed in a
single center. Second, we were unable to perform intensive
cardiac investigations for all stroke patients because these
investigations were not routinely performed. Thus, in our
study, there was still a remaining chance of including patients
with undetected nonelevated ST elevation myocardial infarc-
tion or stress-induced cardiomyopathy because we could only
exclude patients showing definite evidence of acute coronary
syndrome during their hospital stay. However, after adjusting
for the potential confounder such as concomitant cardiac
ischemia or infarction (eg, patients with Q-wave or ST
elevation), the impact of cardiac factors and neurologic
factors on troponin elevation with synergistic interaction still
existed. Third, the mechanism of troponin elevation and
related ECG change is still somewhat unclear and tentative
since troponin and ECG test results obtained from a single
time point were used in our study. To overcome these
problems, we are currently conducting a prospective trial with
serial troponin and ECG tests in acute ischemic stroke
patients (Clinical implications of elevated cardiac troponin-I

elevation in acute stroke patients; KCTO000682; https://
cris.nih.go.kr/cris).

This study investigated cardiac and neurological factors as
predictors of troponin elevation during the acute stage of
ischemic stroke, and suggested an explanatory model for
troponin elevation and ECG abnormalities for practical
interpretation of these phenomena. The proposed concept
of cardiac vulnerability to cerebrogenic stress could be
explained as a synergistic effect on troponin elevation in
combination with cardiac and neurological factors that could
show the possible interaction between heart and brain during
the acute stage of ischemic stroke. Future research and
management strategies should focus on the identification of
undetected or subclinical cardiac problems in ischemic stroke
patients with elevated serum troponin concentration.
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SUPPLEMENTAL MATERIAL



Table S1. Previous medications affecting QTc-interval in patients with and without

troponin elevation

Cardiac troponin |

Elevated Non-elevated
Variable p-valuet
(n=121) (n=1283)
Previous medications
ACEIs or ARBs 37 (30.6) 299 (23.3) 0.07
Calcium channel blockers 43 (35.3) 435 (33.9) 0.72
Beta-blockers 29 (24.0) 208 (16.2) 0.03
Digoxin 4 (3.3) 27 (2.1) 0.33
Other QTc-interval prolonging drugs* 7 (5.8) 105 (8.2) 0.35

Variables are presented as number (%).

ACEI = angiotensin-converting enzyme inhibitor; ARB = angiotensin receptor blocker.
*QTc-interval prolonging drugs by the Anatomical Therapeutic Chemical (ATC) code include
Cilostazol (B01AC23), Domperidone (AO03FAQ03), Flecainide (C01BC04), Amiodarone
(C01BDO01), Sotalol (C07AAO07), Nicardipine (C08CAO04), Solifenacin (G04BD08),
Azithromycin  (JOLFA10), Ofloxacin (JOLMAO1), Ciprofloxacin (JOIMAQ2), Tamoxifen
(LO2BAO01), Tacrolimus (LO4ADO02), Tizanidine (MO03BX02), Amantadine (N04BBO1),
Quetiapine  (NO5AHO04), Lithium (NO5ANO01), Risperidone (NO5AX08), Fluoxetine
(NO6ABO03), Citalopram (NO06AB04), Sertraline (NO6ABO06), Escitalopram (NO6AB10),
Galantamine (NO6DAO04), Imipramine (NO6AA02, NO6AA02), Amitriptyline (NO6AAQ9),
and Diphenhydramine (RO6AAQ2) that are listed on www.qtdrugs.org.

tp-values are calculated by Pearson chi-square test or Fisher’s exact test as appropriate



Table S2. Comparison of clinical variables between patients with or without

echocardiography

Echocardiography
Performed Not-performed
Variable p-valuet
(n=792) (n=612)
Age (years) 64.8 £12.5 65.2 £12.3 0.63
Male 482 (60.9) 370 (60.5) 0.88
Heart rate (beats per minute) 76.9 £17.9 78.6 £ 17.6 0.08
Hypertension 461 (58.2) 387 (63.2) 0.06
Diabetes mellitus 169 (21.3) 144 (23.5) 0.33
Hyperlipidemia 169 (21.3) 130 (21.2) 0.97
Current smoking 248 (31.3) 198 (32.4) 0.68
History of ischemic heart disease 115 (14.5) 36 (5.9) <0.01
NIHSS score on admission, median [IQR] 42, 9] 412, 7] 0.14
Insular cortical lesion 233 (29.4) 101 (16.5) <0.01
Stroke subtypes <0.01
Large artery atherosclerosis 245 (30.9) 196 (32.0)
Cardiogenic embolism 299 (37.8) 66 (10.8)
Small vessel disease 94 (11.9) 243 (39.7)
Undetermined etiology 109 (13.8) 72 (11.8)
Other etiology 45 (5.7) 35 (5.7)
Abnormal ECG findings
QTc-prolongation 270 (34.1) 187 (30.6) 0.16

Non-elevated ST-T change 225 (28.4) 154 (25.2) 0.17




LVH 209 (26.4) 146 (23.9) 0.28

AF 189 (23.9) 59 (9.6) <0.01
Q-wave 67 (8.5) 53 (8.7) 0.89
ST elevation 22 (2.8) 16 (2.6) 0.85

Variables are presented as mean + SD, median [interquartile range], or number (%).
NIHSS = National Institutes of Health Stroke Scale; ECG = electrocardiography; LVH = left
ventricular hypertrophy; AF = atrial fibrillation.

tp-values are calculated by Pearson chi-square test or Student's t-test as appropriate



