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Abstract

Background: Myocardial injury as indicated by elevation of cardiac troponin levels is common after acute ischemic
stroke (AIS) and linked to poor outcomes. Previous studies rarely reported on serial hs-cTn measurements to distinguish
whether myocardial injury is acute or chronic. Thus, little is known about frequency, associated variables, and outcome
of acute myocardial injury in AlS.

Methods and patients: In this single-centered observational cohort study, from 01/2019 to 12/2020, consecutive
patients with neuroimaging-confirmed AIS <48h after symptom onset, and serial troponin measurements within the
first 2days after admission (Roche Elecsys®, hs-cardiac troponin T) were prospectively registered. Acute myocardial
injury was defined according to the fourth Universal Definition of Myocardial Infarction (troponin above the upper
reference limit and rise/fall>20%). Outcomes of interest were in-hospital mortality and unfavorable functional status at
discharge (modified Rankin Scale >1).

Results: Out of 1067 analyzed patients, 25.3% had acute myocardial injury, 40.4% had chronic myocardial injury and
34.3% had no myocardial injury. Older age, higher stroke severity, thrombolytic treatment, and impaired kidney function
were independently associated with acute myocardial injury. In-hospital mortality was higher in patients with acute
myocardial injury than in those without (13% vs 3%, adjusted OR, 2.9% [95% Cl, 1.6-5.5]). Compared with no myocardial
injury, both acute and chronic myocardial injury were associated with unfavorable functional status at discharge (adjusted
OR, 1.6 [95% CI, 1.1-2.5] and OR, 1.7 [95% Cl, 1.2-2.4], respectively).

Conclusions: A quarter of patients with AlS have evidence of acute myocardial injury according to the fourth Universal
Definition of Myocardial Infarction. The strong association with in-hospital mortality highlights the need for clinical
awareness and future studies on underlying mechanisms.
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Background

The current American Heart Association/American Stroke
Association guideline for the treatment of acute ischemic
stroke (AIS) recommends measuring cardiac troponin val-
ues in the early phase after the event to evaluate the cardiac
status of the patient.! Cardiac troponin is a heart-specific
biomarker to sensitively detect and quantify myocardial
injury. It has been shown in various cohort studies that
approximately 30%—60% of patients with AIS have evi-
dence of myocardial injury during the first few days when
high-sensitivity cardiac troponin (hs-cTn) assays are
applied.”* It is also well-established that myocardial injury
in ischemic stroke is associated with poor functional out-
come and increased short-term and long-term mortality.> ¢

In 2018, the fourth Universal Definition of Myocardial
Infarction (4th UDMI) introduced for the first time the con-
cept of “acute myocardial injury” defined as the presence of
an elevated cardiac troponin value above the assay-specific
99th percentile upper reference limit (URL) together with a
rise or fall (>20%) in serial measurements.” The 4th UDMI
does not specify a strict time window which is required to
define acute myocardial injury.” However, in patients with
suspected acute coronary syndrome the applied interval
usually ranges from 1 to 6h in emergency settings.”®
Although acute myocardial injury is an essential compo-
nent of myocardial infarction diagnosis, it may be caused
by various ischemic and non-ischemic mechanisms.”%!°
Until now, this concept has not been applied to ischemic
stroke cohorts. Previous studies analyzed the role of ele-
vated hs-cTn in AIS in general but did not differentiate
between acute or chronic myocardial injury according to
the 4th UDMI. To evaluate the necessity of further immedi-
ate diagnostic tests, it is important though to assess the
dynamic of myocardial injury by applying serial measure-
ments of hs-cTn.”%!° Furthermore, knowledge on short-
term outcome of AIS patients with acute myocardial injury
as compared with patients with normal hs-cTn values or
chronic myocardial injury is limited.

Therefore, the aim of this analysis was to determine the
frequency, associated variables, and short-term outcomes
of acute myocardial injury according to the 4th UDMI in
patients with AIS.

Methods
Study population

All consecutive patients admitted to our tertiary care hospi-
tal for ischemic stroke were prospectively screened for par-
ticipationinthe ongoing observational study “cardiomyocyte
injury following acute ischemic stroke” (CORONA-IS;
Clinicaltrials.gov NCT03892226). CORONA-IS aims at
gaining mechanistic insights into stroke-associated myo-
cardial injury by using a broad diagnostic approach includ-
ing cardiovascular MRI, transthoracic echocardiography,

autonomic ECG-markers and extensive biobanking.!' In
November 2018, the Ethics Committee/Internal Review
Board of the Charité — Universitdtsmedizin Berlin approved
the study (EA4/123/18). Screening started in January 2019.

Inclusion criteria for registration in the prospective
screening data base are neuroimaging-confirmed diagnosis
of AIS (i.e. acute lesion in the diffusion weighted imaging
sequence in cerebral MRI or acute lesion in cranial CT) and
admission to the hospital within 48 h after symptom onset.

Furthermore, patients required a serial measurement of
high-sensitivity cardiac troponin T (hs-cTnT) within the
first 2days after admission (assay characteristics: hs-tro-
ponin-T, Roche Elecsys®, Gen 5; 99th percentile upper ref-
erence limit (URL)=14ng/L; 10% coefficients of variation
(CV) precision=13ng/l; limit of detection=>5ng/L).

According to the fourth UDMI, patients were divided
into three groups.”!"12

e 1o myocardial injury (both values <URL),

e chronic myocardial injury (at least one value >URL,
but no rise/fall >20%) and

e gcute myocardial injury (at least one value >URL
and rise/fall >20%).

In case the first value is <URL, the second one needs to
show an increase of >50% of the URL (i.e. 7ng/L with our
deployed assay), to classify as acute myocardial injury.'?

Data collection and outcomes

Patients’ demographics, previous medical history, informa-
tion regarding stroke onset and severity, in-hospital treat-
ment and diagnostics, as well as length of hospital stay
were collected from clinical records according to previ-
ously published standards.!® Impaired kidney function was
defined as known medical history or serum creatinine above
the normal cut-off (1.2mg/dL in males and 0.9mg/dL in
females). Pre-stroke functional dependency was defined as
living in a nursing home or requiring nursing care at home.
Stroke severity and functional status were assessed via
National Institutes of Health Stroke Scale (NIHSS) and
modified Rankin Scale (mRS).

Outcomes of interest were (1) in-hospital mortality and
(2) functional status at hospital discharge. An unfavorable
neurological functional status at hospital discharge was
defined as mRS-value >1, meaning at least slight disability
(i.e. independent, but can’t do work/leisure/school activi-
ties fulltime). '

In sensitivity analyses, (I) all deceased patients with
early withdrawal of care <72h after hospital admission
were excluded to correct for potential withdrawal of care
bias and (II) the cut-point for unfavorable functional status
at discharge was set at mRS > 2 (instead of the more restric-
tive mRS > 1 used in the main analysis) to account for het-
erogeneity of cut-offs applied in the literature.
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Statistical analysis

Categorical data were reported as absolute and relative fre-
quencies. Continuous data were presented as mean * stand-
ard deviation (SD) in case of normally distributed variables
and as median with interquartile range [IQR] in case of
variables with skewed distribution. Group characteristics
were compared using x2 test for categorical variables.
Group comparisons of continuous data were assessed using
the Kruskal-Wallis test and one-way analysis of variance
(ANOVA) for skewed and normally distributed variables,
respectively. In case of comparison of two groups, paired
t-test was used for normally distributed data and Mann-
Whitney-U-test for non-normally distributed data.

First, a logistic regression analysis was conducted to
identify variables independently associated with the pres-
ence of acute myocardial injury (reference were all patients
without acute myocardial injury). Possible multicollinear-
ity was defined as VIF =2.5.15 Second, unadjusted and
adjusted odds ratios [OR] with corresponding 95% confi-
dence interval were calculated regarding the association of
acute myocardial injury with the respective outcomes. The
adjusted model included all variables associated with the
respective outcomes in univariable comparison with
p<0.1. Regarding in-hospital mortality, adjustments were
made for age, sex, NIHSS at admission, impaired kidney
function, history of coronary artery disease, hypertension,
atrial fibrillation, and pre-stroke functional dependency.
Regarding unfavorable functional status, the model addi-
tionally included previous stroke and history of diabetes. To
evaluate the impact of chronic versus acute myocardial
injury on the respective outcomes, we repeated the analyses
entering myocardial injury as categorical variable with no
myocardial injury as reference.

All tests were two-sided and p-values <0.05 were con-
sidered statistically significant. No corrections were made
for multiple comparisons. Statistical analyses were per-
formed using IBM SPSS (SPSS, Inc., Chicago, IL, version
27.0) and RStudio (RStudio: Integrated Development for
R. RStudio, PBC, Boston, MA, version 1.2.5019).

Results

Patient characteristics

From Jan 1st, 2019, until Dec 31st, 2020, 2536 patients were
admitted to our stroke unit with suspected ischemic or hem-
orrhagic stroke, TIA or other acute neurological diseases
that required continuous monitoring, for example, status
epilepticus. Out of these, 1243 patients had other final diag-
noses than AIS or the diagnosis of AIS was not confirmed
through neuroimaging. One hundred forty-four patients had
no serial cTnT-measurements and n=_82 patients an hospital
admission >48h after symptom onset, leading to n=1067
patients included in the further analysis in total (see Figure
1). Patients without serial hs-cTnT measurements (n=144)

were younger (mean age 71 vs 75 years), had lower rates of
intravenous thrombolysis and higher rates of thrombectomy,
but did not differ regarding sex, rates of cardiovascular risk
factors, baseline hs-cTnT values, NIHSS, or outcomes of
interest (all p >0.05, data not shown).

In the analyzed study cohort (n=1067), mean age was
75.2years (SD, *11.6), 573 (53.7%) were male, and
median baseline NIHSS was 3 (IQR, 1-7). Median time
from symptom onset to first and second hs-cTnT measure-
ment was 8h (IQR, 3-19h) and 25h (IQR, 18-37h),
respectively. Median time interval between serial hs-cTnT
measurements was 16h (IQR, 7-21h). In total, 33 patients
underwent coronary angiography before discharge, and 16
patients had a cardiologist-confirmed diagnosis of myocar-
dial infarction. Of these 16 patients, 13 had acute myocar-
dial injury and three had chronic myocardial injury in serial
hs-cTnT measurements.

Frequency of acute myocardial injury

In total, a hs-cTnT level above URL was determined in
56.3% at the first and in 64.2% at the second measurement
time-point. Out of the 1067 patients, 366 (34.3%) showed
normal hs-cTnT levels in both measurements and were
therefore classified as no myocardial injury, 431 patients
(40.4%) had chronic myocardial injury, and 270 (25.3%)
patients had acute myocardial injury.

Variables associated with acute myocardial

injury

Table 1 displays baseline characteristics of patients with
and without acute myocardial injury. In multivariable
regression analysis, older age (OR, 1.04 per year [95% CI,
1.02—1.06]), higher baseline stroke severity (OR, 1.09 per
point on NIHSS [95% CI, 1.06—1.11]), intravenous throm-
bolysis (OR, 1.49 [95% CI, 1.08-2.08]), and impaired kid-
ney function (OR, 1.49 [95% CI, 1.04-2.13]) showed
independent associations with acute myocardial injury (see
Supplemental Table I).

Supplemental Table II shows baseline characteristics of
patients according to the presence of acute, chronic, and no
myocardial injury separately. In brief, patients with chronic
myocardial injury had similar age distribution and a slightly
higher burden of comorbidities compared with patients
with acute myocardial injury, while stroke severity and sex
distribution resembled those observed in patients with nor-
mal hs-cTnT values.

In-hospital mortality and functional status at
discharge

A total of 618 (57.9%) patients scored mRS > 1 at discharge
and 56 patients (5.2%) died during a median length of hospi-
tal stay of 4days (IQR 3-7days). Cause of death was
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n = 2,536 patients admitted
to the Stroke Unit

n = 1,243 patients with

other diagnoses (e.g TIA,
hemorrhagic stroke, stroke
mimics etc.) or no stroke
lesion in cCT/cMRI

n = 82 patients with admission
>48h after symptom onset

n = 1,211 patients with imaging
confirmed diagnosis of
acute ischemic stroke

—

n = 1,067 patients
included in the analysis

| l

no myocardial chronic myocardial acute myocardial
injury injury injury
n = 366 (34.3%) n =431 (40.4 %) n=270(25.3 %)

n = 144 patients without
serial hs-cTnT measurements

Figure |. Flowchart of the included patients in the analysis;
TIA transient ischemic attack, cMRI cranial magnetic resonance
imaging, hs-cTnT high sensitivity Troponin-T.

considered neurological in 35 patients (e.g. space-occupying
brain edema or secondary intracerebral hemorrhage) and
non-neurological in 21 patients including eight cardiac and
13 other medical conditions (e.g. sepsis, severe kidney fail-
ure, end-stage malignancy). In 14 patients death occurred

following an early withdrawal of care. In-hospital mortality
differed between the groups ranging from 3/366 (0.8%) in
patients without myocardial injury to 19/431 (4.4%) in
chronic myocardial injury, and 34/270 (12.6%) in patients
with acute myocardial injury. Presence of acute myocardial
injury was associated with in-hospital mortality in univariate
comparison (13% vs 3%, OR, 5.08 [95% CI, 2.91-8.85],
p<<0.001) as well as after full adjustment (OR, 2.92 [95%
CI, 1.55-5.53], p=10.001, Figure 2). In the categorical com-
parison, chronic myocardial injury was not independently
associated with mortality (OR, 1.59 [95% CI, 0.33-7.61],
p=0.56), while there was a trend toward a more than four-
fold higher in-hospital mortality in patients with acute myo-
cardial injury (OR, 4.36 [95% CI, 0.95-19.94], p=0.058]
Figure 3). Results remained robust after exclusion of patients
with early withdrawal of care (see Supplemental Table IIT).
In univariate comparison, patients with acute myocar-
dial injury were more likely to have an unfavorable func-
tional status at discharge (73% vs 53%, OR, 2.41 [95% CI,
1.78-3.26], p <0.001) than patients without acute myocar-
dial injury. After multiple adjustment acute myocardial
injury was not associated with unfavorable functional sta-
tus when compared to patients without acute myocardial
injury (OR, 1.21 [95% CI, 0.84-1.74], p=0.317, Figure 2).
When entered as a categorical variable with no myocardial

Table I. Baseline characteristics and outcomes according to presence of acute myocardial injury.

Entire cohort

No acute myocardial injury ~ Acute myocardial injury ~ p

n=1067 n=797 (74.7%) n=270 (25.3)

Age (years), mean =SD 752 (=11.7) 738 (*12.0) 79.3 (£9.5) <0.001
Sex (female), n (%) 494 (46.3) 353 (44.4) 141 (52.2) 0.024
Hypertension, n (%) 808 (75.7) 589 (73.9) 219 (81.1) 0.017
Atrial fibrillation, n (%) 304 (28.5) 207 (26.0) 97 (35.9) 0.002
Coronary artery disease, n (%) 193 (18.1) 132 (16.6) 61 (22.6) 0.026
Previous stroke, n (%) 356 (33.4) 263 (33.0) 93 (34.4) 0.663
Hyperlipidemia, n (%) 526 (49.3) 394 (49.4) 132 (48.9) 0.877
Diabetes, n (%) 252 (23.6) 183 (23.0) 69 (25.6) 0.386
Impaired kidney function, n (%) 213 (20.0) 138 (17.3) 75 (27.8) <0.001
Pre-stroke functional dependency, n (%)** 196 (18.4) 127 (16.0) 69 (25.6) <0.001
First available hs-cTnT [ng/L], median [IQR] 16 [10-29] 13 [8-24] 24 [17-52] <0.001
Second available hs-cTnT [ng/L], median [IQR] 19 [11-36] 15 [9-24] 39 [25-80] <0.001
i.v. thrombolysis, n (%) 287 (26.9) 194 (24.3) 93 (34.4) 0.001
NIHSS at admission, median [IQR]* 3[1-7] 3[1-6] 6 [2-14] <0.001
Suspected AlS etiology, n (%)

Cardioembolic 366 (34.3) 259 (32.5) 107 (39.6) 0.033

Small vessel disease 109 (10.2) 91 (11.4) 18 (6.7) 0.026

Non-cardioembolic or undetermined 592 (55.5) 447 (56.1) 145 (53.7) 0.496
Outcome

mRS at discharge, median [IQR] 2[1-4] 2[14] 4 [1-5] <0.001

Unfavorable functional status at discharge 618 (57.9) 421 (52.8) 197 (73.0) <0.001

(mRS>1), n (%)

In-hospital death, n (%) 56 (5.2) 22 (2.8) 34 (12.6) <0.001

IQR: interquartile range; hs-cTnT: high-sensitivity cardiac troponin T; NIHSS: National Institutes of Health Stroke Scale; mRS: modified Rankin Scale.

*Data available in 2n=1065 and ®n= 1055 patients.
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Outcome  Model OR (95% CI) n
mRS >1 unadjusted —a— 241(1.78-3.26) 197/270

adjusted H—=— 1.21 (0.84 - 1.74)  197/270
mortality unadjusted f——a— 5.08 (2.91-8.85) 34/270

adjusted A 2.92 (1.55-5.53) 34/270

[ T I 1
1.0 2.0 4.0 8.0
log OR

Figure 2. Association of acute myocardial injury with unfavorable functional status at discharge and inhospital mortality. Regarding
in-hospital mortality adjustments were made for age, NIHSS, sex, history of coronary artery disease, impaired kidney function,
hypertension, atrial fibrillation, and pre-stroke dependency. Regarding unfavorable status at discharge, additional adjustments were
made for diabetes and history of stroke.

Outcome Group OR (95% Cl) n
mRS >1 normal n 1.00 (reference) 141/366
chronic i 1.65(1.24-2.40)  280/431
acute —=— 1.63 (1.06-2.50) 197/270
mortality normal L] 1.00 (reference) 3/366
chronic | - ! 1.59 (0.33-7.61) 19/431
acute f = 1 4.36 (0.95-19.94)  34/270
T T \ T T \
050 1.0 20 40 80 16.0
log OR

Figure 3. Association of acute and chronic myocardial injury with

unfavorable functional status and inhospital mortality compared

to patients with normal troponin values Log. scaled odds ratios (with 95% confidence interval) for in-hospital mortality and
unfavorable status at discharge (mRS > |) after full adjustments. Presence of acute or chronic myocardial injury was entered as a
categorical variable with no myocardial injury (“normal”) as reference. n=prevalence of the respective outcome in the three groups

(acute, chronic, or normal).

injury as reference, both acute and chronic myocardial
injury were independently associated with unfavorable sta-
tus at discharge (adjusted OR, 1.63 [95% CI, 1.06-2.50],
p=0.026 and OR, 1.65 [95% CI, 1.24-2.40], p=0.008,
respectively; Figure 3).

When applying a dichotomized cut-off of mRS>2 in
the sensitivity analysis, the presence of acute myocardial
injury remained associated with unfavorable functional sta-
tus at discharge in univariate analysis and after multiple
adjustment (see Supplemental Tables III and IV).

Discussion

Our prospective observational study provides four major
findings. First, a quarter of patients with AIS had acute

myocardial injury according to the 4th UDMI. Second,
acute myocardial injury was independently associated with
higher age, impaired kidney function, intravenous throm-
bolysis, and higher stroke severity. Third, ischemic stroke
patients with acute myocardial injury had a two- to three-
fold increased risk of in-hospital mortality compared to
those without. Fourth, both acute and chronic myocardial
injury were associated with unfavorable functional status at
discharge (mRS > 1). Our findings could be helpful to iden-
tify a high-risk subgroup of stroke patients who should be
monitored carefully and may require further cardiac diag-
nostics. These findings may also have implications for
designing future interventional studies that aim to reduce
the burden of acute cardiac complications and mortality
after stroke.
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A high frequency of elevated cardiac troponin values in
the early phase of AIS is well-established.>!*!® This large
hospital-based cohort confirms that more than half of the
patients with imaging confirmed AIS have evidence of myo-
cardial injury (i.e. hs-cTnT >URL) early after the event.
Until now, only few studies applied serial measurements to
evaluate hs-cTnT dynamics,>!”!® and so far, no study has
applied the current definition of acute myocardial injury as
specified in the 4" UDMI in stroke patients. Compared with
previous findings of our study group, we detected a higher
rate of dynamic hs-cTnT levels in this analysis (1/4 vs 1/7-
8).2 This difference might be explained by the variance in
applied cut-offs and definitions (difference of >50% instead
of >20% as applied in this analysis), since the concept of
acute myocardial injury was not yet defined at that time. In
a smaller study, Faiz et al.'® also used a 20% change cut-off
and reported a rate of 81/264 (30.7%) dynamic elevation in
stroke patients with a median measurement-interval of 16 h.
Anders et al. detected a dynamic pattern (defined as >30%
rise/fall) in 40% of patients (55/138) with elevated troponin
I values that underwent serial measurement after 3 h. These
even slightly higher rates of acute myocardial injury could
be attributed to the use of meanwhile outdated definitions of
“dynamic” troponin pattern, less specific assays, and differ-
ences between study cohorts.

We observed an independent association for higher age,
impaired kidney function, baseline NIHSS, and i.v. throm-
bolysis with the occurrence of post-stroke acute myocardial
injury. It is well-established that older age is a non-modifi-
able risk factor of troponin elevation and cardiac complica-
tions after stroke.>'%!° In addition, the association of acute
myocardial injury with impaired kidney function is well in
line with previous studies in stroke and other cardiac patient
populations.>”? Interestingly, there is evidence that ele-
vated hs-cTnT values in patients with impaired kidney
function are not primarily caused by reduced renal clear-
ance but rather due to other uremia-associated factors dam-
aging the myocardium.?! Importantly, impaired kidney
function alone does not explain the presence of a rise or fall
pattern of troponin but may represent a risk factor leading
to a higher susceptibility for developing acute myocardial
injury during physically stressful events such as AIS. The
finding that higher stroke severity is associated with acute
myocardial injury is well in line with previous studies and
highlights the notion that stroke-related factors such as
lesion size contribute to the occurrence of cardiac injury.?*!3
Given the median NIHSS of three in this cohort, rates of
acute myocardial injury might be even higher in more
severely affected AIS populations (e.g. in intensive care
units). Higher stroke severity and stroke lesions involving
the central autonomic network may promote the occurrence
of a broad spectrum of cardiac complications far beyond
myocardial injury and has been summarized under the term
Stroke-Heart Syndrome.>?>2* Interestingly, treatment with
thrombolysis was also associated with acute myocardial

injury. It has been shown in myocardial infarction that later
sampling after symptom onset reduces the probability of
detecting changes in hs-cTn levels due to a plateau phase.’
Given that stroke-induced myocardial injury is believed to
be mediated by time-dependent sympathetic overdrive,>??
one may assume that this facilitates the detection of minor
acute myocardial injury patterns that are observable in early
presenters that are candidates for thrombolysis.

In our study, rates of unfavorable functional status at dis-
charge and in-hospital mortality differed significantly
according to hs-cTnT status. Acute myocardial injury was
strongly associated with in-hospital mortality. Although
several studies found an association between increased
mortality and elevated hs-cTn levels in general, knowledge
on the association of acute myocardial injury is limited. In
one previous study, patients with a dynamic rise/fall pattern
(>50% change) had a statistically significant higher risk of
in-hospital mortality than patients with stable hs-cTnT.?
Our findings indicate that this association is also present
when acute myocardial injury is defined according to the 4%
UDMLI. Of note, when analyzing hs-cTnT status as categor-
ical variable (no/chronic/acute myocardial injury), there
was no strong association between chronic myocardial
injury and in-hospital mortality which highlights the impor-
tance to apply serial measurements.

We observed an association between acute myocardial
injury and unfavorable functional status at discharge even
when using more restrictive (i.e. mRS > 1) and less restric-
tive (i.e. mRS > 2) definitions. So far, data exists regarding
an independent association of elevated baseline troponin
levels in general and worse functional neurological out-
come after AIS.>* Our study adds that patients with pres-
ence of myocardial injury irrespective of its pattern are at
increased risk of unfavorable short-term outcome.

Given the high short-term mortality observed in our
study, evidence of acute myocardial injury should prompt
careful clinical evaluation, prolonged cardiac monitoring,
and further diagnostic tests in order to establish the most
likely cause. Until now, there are no established practice
guidelines how to deal with acute post-stroke myocardial
injury, but some preliminary algorithms exist.!®??> Even
though mortality and rate of unfavorable functional status
were higher in patients with acute myocardial injury,
chronic myocardial injury should also be taken seriously.
There is evidence that AIS patients with elevated hs-cTnT
are at higher risk of cardioembolic stroke etiology, cogni-
tive impairment, and future vascular events.***2 Thus, fur-
ther diagnostics such as echocardiography or prolonged
Holter monitoring, at least in the outpatient setting should
be considered in patients with chronic myocardial injury.'

Limitations

Some considerations must be made when interpreting the
results of this analysis. First, there was a variation of the
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interval between the serial troponin measurements. In
patients with suspected acute coronary syndrome the opti-
mal measurement interval is a topic of ongoing discus-
sion. The recommendations of duration between the
measurements range mostly from 1 to 6h.” In neurologic
patients, so far there are no validated recommendations.
However, it is known, that the peak troponin values usu-
ally are detected approximately 2 days after stroke onset
and have a slower dynamic pattern than in patients with
acute coronary syndrome.'® Furthermore, cardiac compli-
cations seem to occur most frequently within the early
phase with a peak at the third day after the event.>!*-?2
Therefore, to cover the vulnerable early phase, we defined
a cut-off for admission within 48 h after onset as inclusion
criterion. Second, this analysis of observational data pro-
vides new information regarding the prevalence and short-
term outcome of acute myocardial injury in AIS, but the
exact etiology of elevated hs-cTnT in these patients can-
not be differentiated in this study, in part because further
cardiac diagnostics such as ECG or echocardiography
data were not systematically analyzed. Moreover, patients’
history concerning other cardiac pathologies (besides cor-
onary artery disease and atrial fibrillation), such as heart
failure or cardiomyopathies were not systematically col-
lected in this screening database but are known to be asso-
ciated with elevated troponin values.®® The further
interpretation of possible underlying mechanisms will be
the subjects of future studies.

We did not systematically collect data regarding stroke
lesion site or pattern including vascular territory. It has been
shown that anterior circulation lesions, especially in the
insular cortex, which is involved in autonomic cardiac reg-
ulation, are associated with dynamic troponin elevation
after stroke.>?>?® Since we aimed to study patients with
neuroimaging-confirmed stroke, it is possible that some
patients with contraindications to undergo MRI or those
with small ischemic lesions not visible in CT were excluded
from the analysis. Finally, long-term outcomes beyond the
in-hospital phase were not available. This will be assessed
in the ongoing CORONA-IS study.!"

Conclusions

Our findings provide an estimate of the burden and out-
come of acute myocardial injury after AIS. According to
the 4th UDMI, acute myocardial injury is present in a rele-
vant proportion of patients with AIS and associated with a
two- to threefold increase of in-hospital mortality. These
findings support recommendations that serial hs-cTn meas-
urements should be applied for timely identification of
ongoing myocardial involvement after stroke. Our results
may inform the design of future studies investigating the
burden of post-stroke cardiac complications and the under-
lying pathways leading to acute myocardial injury after
AlS.
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