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BACKGROUND: In patients with acute ischemic stroke, little is known regarding the frequency of abnormal ECG findings other
than atrial fibrillation and their association with cardiovascular outcomes. We aim to analyze the frequency and type of abnor-
mal ECG findings, subsequent changes in medical treatment, and their association with cardiovascular outcomes in patients
with acute ischemic stroke.

METHODS AND RESULTS: In the investigator-initiated multicenter MonDAFIS (impact of standardized monitoring for detection of
atrial fibrillation in ischemic stroke) study, 3465 patients with acute ischemic stroke or transient ischemic attack and without
known atrial fibrillation were randomized 1:1 to receive Holter-ECG for up to 7 days in-hospital with systematic evaluation in
a core cardiology laboratory (intervention group) or standard diagnostic care (control group). Outcomes included predefined
abnormal ECG findings (eg, pauses, atrial fibrillation, brady-/tachycardias), medical management in the intervention group,
and combined vascular end point (recurrent stroke, myocardial infarction, major bleeds, or all-cause death) and mortality at
24 months in both randomization groups. Predefined abnormal ECG findings were detected in 326 of 1693 (19.3%) patients in
the intervention group. Twenty of these 326 patients (6.1%) received a pacemaker, and 62 of 326 (19.0%) patients had newly
initiated or discontinued f-blocker medication. Discontinuation of $-blockers was associated with a higher death rate in the
control group than in the intervention group during 24 months after enroliment (adjusted hazard ratio, 11.0 [95% Cl, 2.4-50.4];
P=0.025 for interaction).

CONCLUSIONS: Systematic in-hospital Holter ECG reveals abnormal findings in 1 of 5 patients with acute stroke, and mortality
was lower at 24 months in patients with systematic ECG recording in the hospital. Further studies are needed to determine
the potential impact of medical management of abnormal ECG findings.
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CLINICAL PERSPECTIVE

What Is New?

e Systematic Holter-ECG recording in addition
to usual diagnostic care reveals abnormal find-
ings in =20% of patients hospitalized for acute
ischemic stroke or patients with transient is-
chemic attack and is associated with lower
mortality within 2years after stroke.

¢ Informed adjustment of g-blocker therapy is as-
sociated with lower mortality in the intervention
than in the control group, in which no system-
atic Holter ECG was performed in the hospital.

What Are the Clinical Implications?

e Because systematic Holter-ECG recording in-
hospital was associated with lower mortality,
further efforts to optimize and standardize diag-
nostic care after acute ischemic stroke or tran-
sient ischemic attack are warranted.

e Abnormal ECG findings should lead to con-
sultation with a cardiologist in clinical practice
to optimize medical management after acute
ischemic stroke or transient ischemic attack.

Nonstandard Abbreviations and Acronyms

CE composite end point

MonDAFIS impact of standardized monitoring
for detection of atrial fibrillation in
ischemic atroke

attack (TIA) often have concomitant heart disease

and are susceptible to stroke-related cardiac in-
jury, and a substantial proportion of them die during
follow-up.'? Therefore, the identification of patients
with stroke at high risk for cardiovascular events is of
paramount importance.! Several studies have shown
that prolonged ECG monitoring has an impact on guid-
ing secondary stroke prevention by detecting atrial
fibrillation (AF).? Previous prospective studies investi-
gating the detection of AF using prolonged ECG moni-
toring in patients with acute stroke (without known AF)
focused primarily on the detection of AF and not on
additional abnormal ECG findings that might have in-
fluenced rate and rhythm management and eventually
cardiovascular outcomes.®* Thus, it is unclear whether
the detection of ECG findings besides AF during pro-
longed ECG monitoring is associated with cardiovas-
cular outcomes.

Patients with ischemic stroke or transient ischemic
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In the MonDAFIS (impact of standardized monitor-
ing for detection of atrial fibrillation in ischemic stroke)
study, 3465 patients with acute ischemic stroke or
TIA were randomized to either systematic Holter-ECG
monitoring (up to 7 days in-hospital) in addition to stan-
dard diagnostic care (intervention group) or standard
of care alone (control group). While systematic ECG
monitoring had no statistically significant effect on anti-
coagulation rates 12 months after the index stroke (pri-
mary end point) and the combined vascular end point
(recurrent stroke, myocardial infarction, major bleeds,
or all-cause death at 6,12, and 24 months after the
index stroke), there was a statistically significant de-
crease in deaths in the intervention group (hazard ratio,
0.7 [95%Cl, 0.5-0.9], P=0.017), which could not be ex-
plained by fewer recurrent strokes.®

Here, we present data on the frequency and type of
predefined abnormal ECG findings of extended ECG
monitoring in the intervention group. Specifically, we
analyzed whether these findings prompted (1) addi-
tional ECGs during follow-up, (2) pacemaker implan-
tation during follow-up, or (3) changes in medical rate
and rhythm management (specifically -blocker ther-
apy). Finally, we investigated a potential association
between a change in medical rate and rhythm man-
agement in patients with abnormal study ECG findings
and the combined end point or death and compared
the results with the control group, which did not re-
ceive systematic ECG monitoring.

METHODS

Data Availability

Deidentified participant data with corresponding data
dictionary of the data underlying the current article
will be made available upon reasonable request to the
corresponding author, Prof. Matthias Endres (matthias.
endres@charite.de). Data will be shared with external
researchers for scientific noncommercial purposes
after approval of the proposal by the MonDAFIS steer-
ing board, including a signed data access agreement.

Study Design and Patients

The MonDAFIS study was an investigator-initiated, pro-
spective, multicenter study, sponsored by the Charité -
Universitdtsmedizin Berlin, Germany, and supported
by an unrestricted research grant to the Charité from
Bayer Vital GmbH, Germany, which had no influence on
study design, study protocol, collection, analysis, inter-
pretation of data, and writing and submitting the paper
for publication. The study rationale and design as well
as the main results were published previously.>® The
MonDAFIS study was approved by the ethics commit-
tees of all participating sites, led by the Charité Ethics
Committee, Berlin, Germany (EA2_033_14). All study
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patients gave written informed consent. A critical event
committee blinded to study randomization adjudicated
all events (ie, all-cause death, recurrent stroke, myo-
cardial infarction, and major bleeding). Patients were
eligible for study enroliment if they had an index stroke
defined as ischemic stroke’ or TIA (with neurological
deficit at hospital admission or an acute ischemic le-
sion on magnetic resonance imaging of the brain) and
had no prior diagnosis of AF.°

Study Intervention

Treatment allocations were unblinded to patients and
treating physicians. Study patients were randomized
1:1 to continuous Holter-ECG recording for up to 7 days
during the in-hospital stay in addition to standard di-
agnostic care (intervention group) or to standard diag-
nostic care (control group). In the MonDAFIS study, a
total of 3465 patients were randomized and assigned
to the intervention group (n=1735) or the control group
(n=1730, Figures S1).5 The study ECG core labora-
tory at the University of Birmingham, UK, received the
study ECGs online for evaluation,® after which a graded
recommendation for cardiology consultation was
made based on the abnormal ECG findings identified.
Comprehensive reports regarding study ECG findings
were returned to the respective study site as soon as
possible. If the study patient was discharged at this
time, the local study center mailed the core laboratory
report to the patient and the treating physician.

Study ECG Findings

ECG recordings were available in 1693 (98.8%) of 1714
patients in the intervention group (Figure S1). Median
duration of study ECG recording was 120.6hours (in-
terquartile range, 73.3-166.1).° The following abnormal
study-ECG findings were considered “relevant” and
were predefined for standardized analysis in the core
laboratory: (1) atrial fibrillation, (2) atrial flutter, (3) sec-
ond-/third-degree atrioventricular block, (4) bradycar-
dia, (5) supraventricular tachycardia, (6) sustained and
nonsustained ventricular tachycardia, and (7) pauses.
The chosen definitions of these ECG abnormalities are
listed in Table 1. “Relevant” ECG abnormalities led to
an explicit recommendation requiring immediate atten-
tion for an “urgent cardiologic work-up” (in case of sus-
tained ventricular tachycardia, complete heart block,
2:1 atrioventricular block, pauses >5 s, bradycardia) or
a “cardiologic work-up” (in case of the other catego-
ries) in the written report sent to the study center. Of
note, some of these ECG findings may not be patho-
logic per se, and their relevance depends on clinical
circumstances (eg, asymptomatic versus symptomatic
pause >5s). However, all predefined ECG abnormality
results were treated as findings that triggered the rec-
ommendation for cardiology consultation regardless of
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Table 1. Definitions of Predefined Abnormal Findings and
Their Detection Rates in Patients of the Intervention Group
With Analyzable ECG-Recordings Patients

Detection rates
of abnormal
findings in 1693
Abnormal ECG findings | Definition patients (n; %)
Atrial fibrillation >30s 76 (4.5)
Atrial flutter Atrial-atrial intervals 0(0)
of <250ms
Supraventricular >180 bpm, <30s 61 (3.6)
tachycardia
Nonsustained ventricular 4-30 beats 215 (12.7)
tachycardia
Sustained ventricular >30 beats 0(0)
tachycardia
Pauses (intermediate) >2s, <bs 49 (2.9)
Pauses >5s 9(0.5)
Atrioventricular block Type land Il 11 (0.6)
second
Atrioventricular block Complete heart 0(0)
third block
Minimal heart rate <25 bpm 0(0)

bpm indicates beats per minute.

clinical circumstances. Additionally, the results of 172
study ECGs (ie, a predefined random 10% sample of
the study ECG results) were independently validated
from the cardiology core laboratory by an additional
cardiology expert, resulting in a confirmation of >99%
of abnormal ECG findings of the core laboratory.

Outcomes

In this post hoc analysis, the following outcomes were
analyzed: the proportional number of recurrent stroke,
myocardial infarction, major bleedings, or all-cause
death (composite end point [CE]) and all-cause death
within 24 months after the index stroke. CE and all-
cause mortality were analyzed and compared in the
following groups of study patients: (1) patients with an-
alyzable study-ECG in the intervention group (n=1693);
(2) intention-to-treat population of the MonDAFIS study
(n=3431; including 1714 patients randomized to the in-
tervention group and 1717 patients randomized to the
control group), corresponding to the complete rand-
omized data set of the MonDAFIS study.®

Statistical Analysis

Baseline characteristics are reported as frequencies
and percentages for categorical variables or median
and interquartile range or means and SD for metric
variables. We used Fisher exact test, Mann-Whitney
U test, or t test for independent samples when ap-
propriate regarding differences in univariate compari-
sons. Because there are complex interactions between
heart rate, g-blocker therapy, and cardiac and vascular
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outcomes, we first focused on changes in -blocker
therapy. To measure changes in -blocker therapy, we
compared f-blocker intake at the time of index hospi-
tal admission and 6months later. We defined 5 types
of B-blocker use: continued B-blocker use: yes/yes,
no B-blocker use: no/no, discontinuation of B-blocker
use: yes/no, initiation of g-blocker use: no/yes, and un-
known B-blocker status 6 months after the index event
(because of missing data, in case of patient’s death, or
dropout from the study before 6 months after the index
stroke/TIA). Kaplan—Meier curves were used to illus-
trate descriptively cumulative hazard distributions of the
events of interest in patients with known B-blocker sta-
tus. A comparison of the cumulative event probability in
patients with known and unknown B-blocker status is
listed in Table S1. We limited our analyses with respect
to vascular end points and mortality to drugs that we
hypothesized to be clinically associated with the ab-
normal ECG findings. Other drug groups that are used
for secondary prevention of stroke (eg, statins) but are
not specifically associated with abnormal ECG findings
were not included in our analysis.

Multivariable Cox regression analyses were used
to estimate hazard ratios before the effects of the all-
cause death and for the combined vascular end point
(CE) within 2years after the index event. Multivariable
Cox regression analyses included randomization
group (intervention, control) and were adjusted for sex
(female/male), age (<65years/>65years), the National
Institutes of Health Stroke scale score (ranging from
0-42 points, with higher scores indicating more severe
neurological deficits)® at baseline (<5/>5 points), stroke
or TIA as an index event, and the dichotomous car-
diovascular risk factors at baseline (diabetes, arterial
hypertension, coronary heart disease, stroke before
index event, TIA before index event, peripheral artery
disease, renal insufficiency, heart failure—diagnosed
before or during the hospital stay of the index stroke/
TIA) and B-blocker administration (see above). In addi-
tion, heart rate at admission was included in Cox re-
gression analyses categorized as bradycardia at <60
beats per minute, normal heart rate (60—100 beats per
minute), or tachycardia at >100 beats per minute,® as
well as the interaction of heart rate on admission and
randomization group. In order to address possible
time-varying misclassifications of g-blocker adminis-
tration, we additionally performed a Cox regression
analysis with a time-varying covariate for discontinu-
ing B-blocker within 6 or 12months of follow-up. Here,
events that occurred before the 6-month follow-up
were discarded, and the interaction mentioned above
was replaced with the interaction of the time-varying
covariate for discontinuing B-blocker and randomiza-
tion group. Multivariable Cox regression analyses were
performed without variable selection. Estimated mar-
ginal hazard ratios and corresponding 95% Cls were

J Am Heart Assoc. 2023;12:e027149. DOI: 10.1161/JAHA.122.027149

Post Hoc Analysis of the MonDAFIS Study

calculated for the subgroup analyses with interactions.
Because this is a hypothesis-generating post hoc anal-
ysis, no multiplicity adjustments were done, and the
results have to be considered exploratory. All statistical
analyses were performed using the statistical software
package IBM SPSS Statistics 26.0.

RESULTS
Study Cohort

Mean age was 66.3years, 40.5% were female, and
29.8% had a TIA as qualifying event. The median
National Institutes of Health Stroke Scale score on ad-
mission was 2 points (Table S2; for details see also®).
A total of 1693 patients randomized to the intervention
group had an analyzable Holter-ECG.

ECG Findings in the Intervention Group

At least 1 abnormal ECG finding was detected in 326
of 1693 (19.3%) patients of the intervention group, and
90 of 1693 (5.3%) patients had >1 abnormal finding.
Overall, 250 of 1693 (14.8%) patients had abnormal
findings other than newly detected AF. Of 76 of 1693
(4.5%) patients with newly detected AF, 38 of 1693
(2.2%) patients had additional abnormal ECG findings.
The core laboratory recommended “urgent consulta-
tion with a cardiologist” in 70 of 1693 (4.1%) patients
and “a consultation with a cardiologist” in 210 of 1693
(12.4%) patients (Table 1). Baseline characteristics dif-
fered in patients with and without abnormal study ECG
findings (Table 2), as patients with abnormal ECG find-
ings were older, less likely to have an index TIA, had a
higher National Institutes of Health Stroke Scale score
at baseline, a longer in-hospital stay, were more likely
to be pretreated with a g-blocker, and were more likely
to have coronary artery disease, renal dysfunction, or
hypertension.

Management of Patients With Abnormal
ECG Findings

Patients with abnormal study ECG findings were rela-
tively more likely to receive at least 1 additional resting
ECG and Holter ECG after hospital discharge during
the 24 months follow-up compared with patients with-
out abnormal study ECG findings (Table S3).

Within 24 months, there were more pacemaker
implantations in patients with abnormal study ECG
findings (n=20/326; 6.1%) than in patients without ab-
normal findings (n=7/1365; 0.5%; P<0.001). Of the 578
patients in the intervention group who were on rate
or rhythm management at the time of admission, 559
(96.7%) received a p-blocker, followed by 18 patients
(8.1%) with calcium channel blocker and 3 (0.5%) pa-
tients with a sodium and potassium channel blocker.
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Table 2. Baseline Characteristic of 1693 Patients in the
Intervention Group With and Without Abnormal Study ECG
Findings According to Study ECG

No abnormal Abnormal

finding finding(s)

(n=1367) (n=326) P value
Age, y (mean [SD)) 65.1 (13.0) 71.0 (10.7) | <0.001*
Female sex (n; %) 558 (40.8) 125 (38.3) 0.451
Index event: TIA (n; %) 431 (31.6) 70 (21.5) <0.001*
NIHSS score on 21, 4] 31, 5] 0.007
admission (median [IQR])
Intravenous thrombolysis | 284 (20.8) 82 (25.2) 0.099
(n; %)
Endovascular treatment 28 (21) 12 (3.7) 0.102
(n; %)
Length of hospital stay, 715, 9] 816, 11] <0.001*
d (median [IQRY])
Diabetes (n; %) 347 (25.6) 99 (30.5) 0.080
Hypertension (n; %) 1029 (75.9) 275 (84.6) 0.001*
Heart failure (n; %) 143 (10.5) 67 (20.6) 0.0001
Renal impairment (n; %) 84 (6.2) 45 (13.9) <0.001
Peripheral artery disease | 52 (3.8) 13 (4.0 0.873
(n; %)
Hypercholesterolemia 715 (62.7) 179 (65.1) 0.458
(n; %)
Coronary artery disease 136 (10.0) 61 (18.7) <0.001*
(n; %)
Prior ischemic stroke 222 (16.2) 58 (17.8) 0.508
(n; %)
Prior TIA (n; %) 55 (4.1) 13 (4.0 1.000
B-blocker on admission 426 (31.2) 130 (39.9) 0.003*
(n; %)
Heart rate on admission 75.3 [13.4] 76.6 [14.5] 0.122
(mean [SD])

Data are n (%), mean (SD), or median (IQR). IQR indicates interquartile
range; NIHSS, National Institutes of Health Scale; and TIA, transient
ischemic attack. P values were calculated using Fisher exact test, ¢ test for
independent samples, or Mann-Whitney U test.

*P < 0.05 is considered statistically significant.

Only 2 patients (0.3%) received a combination of a 3-
blocker and another antiarrhythmic agent. Because
antiarrhythmic drugs other than g-blocker were a small
minority treatment group, we restricted further analy-
ses to B-blocker therapy only.

Post Hoc Analysis of the MonDAFIS Study

Patients of the study population who received
B-blocker treatment at admission were older, more often
female, had a higher number of cardiovascular risk fac-
tors, had a higher National Institutes of Health Stroke
Scale score at admission, and a longer in-hospital
stay after the index stroke (Table S4). In addition, pa-
tients who received -blocker treatment at admission
were more likely to have abnormal findings on study
ECG (130/556; 23.4%) than those without a f-blocker
(196/1137; 17.2%; P=0.003, Table 2). In particular, there
were more frequently changes in the g-blocker therapy
in patients with abnormal study ECG findings than in
patients without abnormal study ECG findings (67/284;
23.5% abnormal. 172/1235; 13.9%; Table 3). Despite
these differences between these 2 subgroups of pa-
tients with and without abnormal ECG findings, there
were no overall differences in p-blocker change be-
tween randomized groups (Table 3). During 24 months
follow-up, there were similar numbers of pacemaker
implantations in the intervention (n=27/1711) and con-
trol (n=30/1715; P=0.649; Figure S2) group. Neither dif-
fered in the number of additional ECG recordings after
hospital discharge (P=0.456) nor differed in the num-
ber of Holter ECGs performed after hospital discharge
between randomization groups (P=0.456).

Association of Heart Rate, $-Blocker
Treatment, and CE or Death

We analyzed whether or not there was an association
between B-blocker treatment regimens (ie, continued
treatment: yes/yes, no treatment: no/no, initiation of
treatment: no/yes, or discontinuation: yes/no, and un-
known f-blocker status) and CE or all-cause death
within 24 months follow-up. Kaplan—-Meier curves
did not show a differential association between (-
blocker regimens and CE or all-cause death in the
intervention group (Figure 1). In contrast, in the con-
trol group, discontinuation of g-blocker therapy had
a higher cumulative proportion of patients with CE
(22.8% versus 11.0%) and all-cause death (15.3%
versus 1.8%) compared with the interventions group
at 24 months (Figure 1). Multivariable Cox regression
analysis for all-cause death with discontinuation of

Table 3. Alterations of 3-Blocker Therapy (3-Blocker Status on Admission Versus Follow-Up)

Intervention group - Intervention group - no
B-blocker on admission vs at 6-mo Intervention group* abnormal ECG finding(s)" abnormal ECG finding(s)! | Control group*
follow-up (n=1531) (n=284) (n=1235) (n=1487)
Continuing B-blocker (yes/yes, n, %) 445 (29.1%) 94 (33.1%) 350 (28.3%) 433 (29.1)
No B-blocker (no/no, n, %) 844 (55.1%) 123 (43.3%) 713 (67.7%) 833 (56.0)
Discontinuing B-blocker (yes/no, n, %) 62 (4.0%) 20 (7.0%) 41 (3.3%) 54 (3.6)
Starting B-blocker (no/yes, n, %) 180 (11.8%) 47 (16.5%) 131 (10.6%) 167 (11.2)

The type “yes/yes” and “no/no” indicate an unchanged f-blocker regimen, whereas “yes/no” and “no/yes” indicate an altered p-blocker regimen.
*Patients included with available data on -blocker status at 6 months follow-up.
TPatients included with available data on B-blocker status at 6 months follow-up and data on abnormal ECG findings.

J Am Heart Assoc. 2023;12:e027149. DOI: 10.1161/JAHA.122.027149
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Figure 1.

Kaplan-Meier curve for the probability of (A) the CE (ie, mortality, stroke, myocardial infarction, or major bleeding;

intervention group, n=1468 and control group, n=1444) and (B) all-cause death (intervention group, n=1555 and control
group, n=1520) within 24 months after the index stroke/transient ischemic attack in patients with different regimens of f3-
blocker depicted for each study group separately (patients with missing data at 6months with regard to -blocker status

excluded: CE, n=519 and all-cause death, n=356).

Log-rank test was used to test group differences. CE indicates composite end point.

B-blocker therapy as time-varying covariate revealed
that there was an interaction of discontinuation of §3-
blocker therapy (yes/no) and randomization group
(P=0.025). Specifically, discontinuation of g-blockers
was associated with an increased risk for death (ad-
justed HR [aHR], 11.0 [95% CI, 2.4-50.4]; P=0.002)
in the control group compared with the intervention
group (Figure 2B). The corresponding interaction for
CE was less pronounced (aHR, 2.2 [95% Cl, 0.9-5.0];

J Am Heart Assoc. 2023;12:e027149. DOI: 10.1161/JAHA.122.027149

P=0.149, Figure 2A). Event rates for all-cause death
and CE within 24 months were similar between inter-
vention and control group in patients who did not dis-
continue B-blocker therapy (all-cause death: aHR, 1.3
[95% ClI, 0.8-1.9]; P=0.253 and CE: aHR, 1.1 [95% Cl,
0.8-1.5]; P=0.451, Figure 2A and 2B).

A separate multivariable Cox regression analysis
revealed that tachycardia on admission was associ-
ated with an increased risk for CE (aHR, 3.1 [95%
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A Subgroup-analyses on combined vascular endpoint (recurrent stroke, myocardial infarction, major bleeding, or death)

Harzard Ratio for CE

Di i ion of betablocker x randomization group (p=0.149)
Discontinuation of betablocker control vs. intervention group —— HR =2.2, 95%CI = 0.9-5.0, p=0.075
No discontinuation of betablocker control vs. intervention group E HR = 1.1, 95%CI = 0.8-1.5, p=0.451

Heart rate on admission x randomization group (p=0.039)

Tachycardia control vs. intervention group —_— HR =3.1, 95% CI = 1.4-7.2, p=0.007
Bradycardia control vs. intervention group —-— HR = 1.4, 95% CI=0.7-2.7, p=0.359
Normocardia control vs. intervention group - HR = 1.0, 95% CI = 0.8-1.2, p=0.767

B Subgroup-analyses on all-cause death
Harzard Ratio for all-cause death

Di i ion of betablocker x r ization group (p=0.025)
Discontinuation of betablocker control vs. intervention group HR = 11.0, 95%CI = 2.4-50.4, p=0.002
No discontinuation of betablocker control vs. intervention group -— HR = 1.3, 95%CI = 0.8-1.9, p=0.253

Heart rate on admission x randomization group (p=0.063)

Tachycardia control vs. intervention group HR =12.2, 95%CI = 1.5-98.3, p=0.019
Bradycardia control vs. intervention group —— HR = 2.0, 95%CI = 0.7-5.4, p=0.196
Normocardia control vs. intervention group - HR = 1.2, 95%CI = 0.8-1.6, p=0.395
/!
1 5 15

Figure 2. Estimated marginal hazard ratios and corresponding 95% Cls are depicted to illustrate the interaction between
randomization groups and {-blocker discontinuation as well as the interaction between randomization groups and heart
rate on admission and corresponding 95% Cls.

A, The CE (ie, mortality, stroke, myocardial infarction, or major bleeding) and all-cause death (B) within 24 months after the index
stroke or TIA in multivariable Cox regression models. A time-varying covariate was used for the discontinuation of 3-blocker during
follow-up discarding patients with unknown g-blocker status (CE, n=2894, number of events=235; all-cause death, n=3042, number
of events =106, intervention group as reference category) and heart rate on admission (tachycardia >100 bpm and bradycardia <60
bpm, normocardia 60-100 bpm) using separate multivariable Cox regression analyses (CE, n=3367, number of events=477; all-cause
death: n=3354, number of events =174, intervention group as reference category). Cox regression analyses were additionally adjusted
for age, sex, stroke severity (National Institutes of Health Stroke Scale score on admission), ischemic stroke or TIA as index event,
cardiovascular risk factors at baseline (diabetes, hypertension, coronary artery disease, prior stroke, peripheral artery disease, renal
insufficiency, heart failure: diagnosed before or during the hospital stay of the index stroke/TIA). P value for interaction within Cox
regression analyses. bpm indicates beats per minute; CE, composite end point; HR, hazard ratio; and TIA, transient ischemic atack.
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Cl, 1.4-7.2]; P=0.007) and for all-cause death (aHR,
112.2 [95% CI, 1.5-9.3]; P=0.019) in the control group
compared with the intervention group (Figure 2).
The interaction of heart rate on admission and ran-
domization group had for CE within 24 months (a P
value of 0.039) and for all-cause death (a P value
of P=0.063) within 24 months. In addition, we per-
formed a sensitivity analysis to examine whether the
cause of the index event was associated with mortal-
ity within 24 months of follow-up. The Kaplan—-Meier
analysis showed that the subgroups “cardioembolic
stroke” and “stroke of other determined cause” had
the highest mortality rates at 24 months after the
index event (Figure S3). Even though the proportions
of assumed causes of the index event were similar
between randomization groups at baseline (Fisher
exact test P=0.788), patients with a cardioembolic
index event had a 3-fold higher mortality rate in the
control group compared with the intervention group
(hazard ratio, 3.09 [95% ClI, 1.39-6.88]; P=0.006). All
other subgroups of the assumed cause of the index
event did not differ between randomization groups
(Table Sb5).

DISCUSSION

This exploratory post hoc analysis of the MonDAFIS
study shows that predefined abnormal ECG findings
are detected by systematic Holter ECG recording in
~20% of patients hospitalized with acute ischemic
stroke or TIA. Differences in ECG use, pacemaker im-
plantation, and especially 3-blocker use in response
to abnormal ECG findings were evident during follow-
up. Our analyses suggest that these changes in medi-
cal treatment may have been influenced by abnormal
study ECG findings and subsequent recommenda-
tions to consult a cardiologist. The individual decisions
to continue, discontinue (eg, because of bradycardia
or high-grade atrioventricular block), or initiate (eg, be-
cause of tachycardia) B-blocker therapy might have
been better justified in the intervention group than in
the control group. In particular, our data support the
notion that ill-considered discontinuation of g-blocker
therapy that is not informed by specific ECG findings
may be associated with recurrent vascular events and
death in the control group.

Because the intervention group did not receive
more diagnostic and therapeutic interventions overall
compared with the control group, it is conceivable
that the specific selection of these interventions was
better qualified to manage the underlying cardiovas-
cular pathology. Overall, these differences in medical
management may have contributed to the statisti-
cally significantly lower mortality in the intervention
versus the control group observed at 24 months in
our study.®
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Interestingly, tachycardia on admission was asso-
ciated with a higher death rate in the control group
compared with the intervention group. There is evi-
dence from cohort- and registry-based studies that
an increased heart rate on admission in patients with
acute ischemic stroke (and without atrial fibrillation)
is associated with increased in-hospital mortality'®"
and also with mortality within 90 days' or within a me-
dian follow-up of 2.4years.’®> Because no patient with
tachycardia on admission and abnormal ECG findings
in the intervention group died within 2years, these re-
sults can be cautiously interpreted as further indirect
evidence that the intervention of additional ECG moni-
toring with systematic recommendation for cardiology
consultation might have altered the risk profile of pa-
tients with acute stroke, resulting in a lower event rate
over time. Moreover, our finding that patients with a
cardioembolic stroke as an index event had a 3-fold
higher mortality within 24 months in the control group
compared with the intervention group could be inter-
preted accordingly.

B-blocker therapy lowers heart rate, may prevent
the development of potentially fatal arrhythmias, and
has been associated with a reduction of sudden car-
diac death and mortality in patients with myocardial
infarction.'® In addition, abrupt discontinuation of
B-blocker therapy can lead to a rebound phenome-
non, which usually manifests as tachycardia, arrhyth-
mia, blood pressure elevation, angina, and worsening
of heart failures symptoms, and can be fatal'® In a
recent meta-analysis that included 18 observational
studies and 2 randomized controlled trials, no bene-
fit in mortality, functional outcomes, or infection rates
were found within the first 12 months in >100000 pa-
tients who received a p-blocker within the first week
after acute ischemic stroke."” In a Cochrane meta-
analysis of 2 double-blinded randomized controlled
trials testing atenolol versus placebo in 2193 patients
with stroke, B-blocker therapy did not reduce the risk
of stroke recurrence or fatal stroke, and adverse events
occurred more frequently in the B-blocker group.'®
These meta-analyses are based on mean differences
between groups. Our analysis suggests that targeted
changes in @-blocker therapy could lead to improved
cardiovascular outcomes that are independent of
mean differences between treatment groups.

An open issue is how long and with which technique
of ECG monitoring should be performed in patients
with stroke. In the MonDAFIS study, we have shown
that Holter ECG monitoring for up to 7 days in the hos-
pital, evaluated in a core laboratory, can detect more
AF than regular care in a certified stroke unit. Here, we
show that, in addition, other abnormal ECG findings
are detected that may be clinically relevant and lead to
significant changes in medical management. We also
believe that the cardiology consultation triggered by
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the abnormal ECG findings is an important element in
the improved care of patients with stroke, although we
cannot rule out the possibility that this simply reflects
good clinical practice in a stroke unit by careful mon-
itoring and prompting action when an abnormality is
detected.

Our study has limitations. First, there was no sys-
tematic information on abnormal study ECG findings
in the control group because standard diagnostics
were not analyzed in the cardiology core laboratory.
Second, changes in medication were assessed for the
first time at 6 months after the index stroke. Hence, the
effect on all-cause mortality between randomization
groups at 24 months can only be explained by extrap-
olation of the early changes, assuming a continued ef-
fect of the changes in medical management. Third, we
have no information on changes in daily drug dose in
patients who continued their 3-blocker therapy. Fourth,
we cannot rule out bias based on indication because
of a nonrandom treatment exposure. However, the
types of B-blocker therapy were similarly distributed in
both randomization groups. In addition, the increased
risk of mortality and CE in patients who discontinued
B-blocker therapy remained stable after multivariable
adjustment. Furthermore, although cardiology work-up
was explicitly recommended for patients with abnor-
mal ECG findings in the intervention group, we have no
information on how frequently and timely cardiologists
were consulted. It should be noted that the abnormal
ECG findings were evaluated in a cardiology core labo-
ratory. Unfortunately, apart from AF, we do not have in-
formation on abnormal ECG findings diagnosed in the
control group. Furthermore, we have no information on
abnormal ECG findings during routine diagnostic care
in the intervention group in the hospital. Fifth, because
of the small sample size for the reported exposures
of B-blocker discontinuation (n=112) and tachycardia
on admission (h=162), a chance finding cannot be ex-
cluded. Sixth, even though we cautiously conclude
from our data that informed medical management of
patients based on the specific ECG findings may have
positively influenced their outcome, the design of our
post hoc analysis limits any conclusions regarding cau-
sality. Finally, the observed difference in mortality rates
between the 2 study groups may be because of in-
formative censoring (ie, when study patients were lost
to follow-up because of reasons related to the study).
However, a comparison of the baseline characteristics
of patients who dropped out of the study (for reasons
other than death) during the 24-month follow-up period
showed that there was no difference between the 2
randomization groups (data not shown).

In conclusion, this post hoc analysis of the prospec-
tive MonDAFIS study demonstrates that systematic
ECG recording for up to 7 days identifies abnormal ECG
findings in *20% of hospitalized patients with ischemic
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stroke and TIA. The fact that patients with systematic
ECG recording in the intervention had a statistically
lower mortality compared with the control group may
at least in part be explained by the fact that abnormal
study ECG findings triggered cardiology consultation
and allowed better-informed changes in therapy. Our
results warrant further studies to explore the potential
of systematic ECG monitoring and intensified interdis-
ciplinary management of patients with ischemic stroke.

APPENDIX
MonDAFIS Investigators

Michael Bauerle and T. Buttner (both from Clinical
Center of Emden, Germany), Michael Besselmann
(Ammerland-Hospital Westerstede, Germany), Elmar
Busch (St. Josef Hospital Moers, Germany), Petra Dem,
Joanna Dietzel, Eva-Maria Kampschulte, Gesa Ndhren,
Larissa Pfeiler (all from Charité - Universitdtsmedizin
Berlin, Germany), Rainer Dziewas (University Hospital
Muinster, Germany), Wolfgang Kéhler and Sven Ehrlich
(both from Clinical Center of Hubertusburg, Wermsdorf,
Germany), Annette Evens, Karen Louise Harvey,
Marie Prince, Debora Wilkes, and Louise Tyler(all from
Medical School, University of Birmingham, UK), Georg
Gahn (City Hospital Karlsruhe, Germany), Gerhard
F. Hamann (District Hospital GUnzburg Germany),
Andreas Hartmann (Clinical Center Frankfurt (Oder),
Germany), Jens Diekmann and Fedor Heidenreich
(Diakovere Henriettenstift, Hannover, Germany), T.
Helberg (MediClin Hospital Plau am See, Germany),
Carsten Hobohm (University of Leipzig, Germany), F.
Hoffmann (Krankenhaus Martha-Maria Halle-Délau,
Germany), Olaf Hoffmann (Alexianer St. Josefs-Hospital
Potsdam, Germany), Gerhard J. Jungehulsing (Jewish
Hospital, Berlin, Germany), Christos Krogias (St.
Josef-Hospital Bochum, Germany), Matthias Maschke
(Hospital of the Merciful Brothers Trier, Germany),
Stefan Merkelbach (Heinrich-Braun- Hospital Zwickau,
Germany), Johannes Muehler, (Leopoldina Hospital
Schweinfurt, Germany), Ludwig Niehaus (Rems-Murr-
Hospital Winnenden, Germany), Martin Nickel (Clinical
Center of Nurnberg Sud, Nirnberg, Germany), P.
Oschmann (Clinical Center of Hohe Warte Bayreuth,
Germany), Frederick Palm and Christian Urbanek (both
from Clinical Center of Ludwigshafen, Germany), Gabor
C. Petzold (University of Bonn, Germany), Waltraud
Pfeilschifter (University of Frankfurt, Germany), Peter
Ringleb (University Hospital, Heidelberg, Germany),
Michael Rosenkranz (Albertinen-Hospital Hamburg,
Germany), Georg Royl (University Hospital Schleswig
Holstein, Luebeck, Germany), Renate B. Schnabel
(University Medical Center Hamburg-Eppendorf,
Germany), Andreas Steinbrecher and Elke Leinisch
(both from HELIOS Hospital Erfurt, Germany), Robert
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Stingele (ODRK Clinical Center of Berlin Képenick, Berlin,
Germany), Christian Tanislav (University of Giel3en,
Germany).

CEC (critical event committee): Andrea Rocco,
Christoph Leithner, Wolfram Do&hner, Patrick Nagel,
Mattias Roser, and Andreas Rillig (all from Charité,
Universitdtsmedizin Berlin, Berlin, Germany).

DSMB (data and safety monitoring board): Nikolaus
Marx (University Hospital Aachen, Germany), Otto
Busse (German stroke society, Berlin, Germany), André
Scherag (University of Jena, Germany).
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Table S1. Cumulative probability of myocardial infarction of (A) CE (recurrent stroke, myocardial
infarction, major bleedings, or all-cause death) and of all-cause death (B) at 6 and 24 months after the
index stroke/TIA in patients with known and unknown status of beta-blocker (on admission vs. 6
months follow-up) listed separately for the intervention (n=1714) and control group (n=1717). The
status of beta-blocker is unknown due to missing data, in case of patient’s death or drop out the study
prior to 6 months after the index stroke/TIA.

CE All-cause death
Cumulative probability Cumulative probability
at 6 months at 24 months at 6 months at 24 months
(%) [95%Cl [ (%) [95%Cl (%) [95%Cl | (%) [95%Cl
Control group
beta-blocker status
Known 0.00 0.00 - 8.76 7.27 - Known 0.00 0.00 - 430 | 3.25-
(n=1,444) 0.00 10.26 (n=1,520) 0.00 5.35
Unknown 52.84 | 45.70 - 72.62 62.91 - Unknown 20.35 13.03 - 48.42 | 33.56 -
(n=273) 59.99 82.33 (n=197) 27.68 63.28
Intervention
group
beta-blocker status
Known 0.07 0.00 - 7.82 6.42 - Known 0.00 0.00 - 2.96 2.10 -
(n=1,468) 0.20 9.23 (n=1,555) 0.00 3.82
Unknown 59.90 | 52.67- | 70.03 | 61.17- Unknown | 24.22 | 15.49- 41.74 | 25.50 -
(n=246) 67.13 78.88 (n=159) 32.96 57.98




Table S2. Baseline characteristics of patients included in the ITT analysis secondary endpoints

(complete randomized set)

Age, years (mean (SD))

Female sex (n; %)

Body-mass index, kg/m2 (mean (SD))

Index stroke

TIA (n; %)

NIHSS score on admission (median [IQR])

Intravenous thrombolysis (n; %)

Endovascular treatment (n; %)

Hemicraniectomy (n; %)

Carotid surgery or stenting (n; %)

Hospital stay, days (median [IQR])

Medication on admission

Oral anticoagulation (n; %)
Heparin, therapeutic dose
Antiplatelet drug (n; %)
Statin (n; %)
Beta-blocker on admission (n; %)
metoprolol (n; %)
bisoprolol (n; %)
nebivolol (n; %)
others (n; %)

Heart rate on admission (mean (SD))
Normocardia (n; %)
Bradycardia (n; %)
Tachycardia (n; %)

Cardiovascular risk factors

Diabetes mellitus (n; %)
Hypertension (n; %)

Heart failure (n; %)
Hypercholesterolemia (n; %)
Coronary heart disease

Peripheral arterial disease (n; %)

Control
n=1,717
66.2 (13.0)
662 (38.6)
27.5 (5.06)

520 (30.4)
201, 4]
375 (21.9)
57 (3.4)
1(0.1)
36 (2.1)
705, 9]

10 (0.6)
15 (0.9)
587 (34.2)
461 (26.8)
573 (33.4)
245 (14.3)
223 (13.0)
54 (3.1)
53 (3.1)
75.8 (13.9)
1492 (87.1)
138 (8.1)
83 (4.8)

434 (25.6)
1,295 (76.4)
221 (13.0)
898 (53.0)
216 (12.7)

66 (3.9)

Intervention
n=1,714
66.3 (12.8)
694 (40.5)
275 (4.88)

510 (29.8)
2[1,4]
370 (21.6)
41 (2.4)
3(0.2)
42 (2.5)
7[5, 10]

9 (0.5)
16 (0.9)
576 (33.6)
437 (25.5)
559 (32.6)
242 (14.1)
213 (12.4)
50 (2.9)
56 (3.3)
75.6 (13.6)
1483 (86.6)
150 (8.8)
79 (4.6)

448 (26.4)
1,314 (77.4)
212 (12.5)
900 (53.0)
199 (11.7)
67 (4.0)

Overall
n=3,431
66.2 (12.9)
1,356 (39.5)
27.5 (4.97)

1,030 (30.1)
201, 4]
745 (21.8)
98 (2.9)
4(0.1)
78 (2.3)
705.9]

19 (0.6)
31(0.9)
1,163 (33.9)
898 (26.2)
1132 (33.0)
487 (43.0)
436 (38.5)
104 (9.2)
109 (9.6)
75.7 (13.8)
2975 (86.9)
288 (8.4)
162 (4.7)

882 (26.0)
2,609 (76.9)
433 (12.8)
1,798 (53.0)
415 (12.2)

133 (3.9)




Prior ischemic stroke (n; %) 299 (17.6) 283 (16.7) 582 (17.1)

Prior TIA (n; %) 81 (4.8) 69 (4.1) 150 (4.4)
Renal impairment (n; %) 131 (7.7) 131 (7.7) 262 (7.7)
Sleep apnoea (n; %) 45 (2.7) 51 (3.0) 96 (2.8)
Current smoker (n; %) 825 (48.5) 848 (49.8) 1,673 (49.2)

Data are n (%), mean (SD), or median (IQR). TIA=transient ischaemic attack. NIHSS=National Institutes of Health Scale.



Table S3. Rate of patients who received at least one resting ECG or Holter ECG after hospital discharge
during the 24 months follow-up in patients* with or without abnormal study ECG findings in the
intervention group. In addition, the post-discharge ECG rate of the control group is listed.

Intervention group —

abnormal study ECG

Intervention group -

no abnormal study

Intervention group -

abnormal vs. no

Control group

finding ECG finding abnormal findings
p-value**
At least one resting ECG 201/271 438783/1,191 p=0.008 952/1,443
(74.2) (65.7) (66.0)
At least one Holter ECG 138/270 523/1,192 p=0.036 672/1,436
(51.1) (43.9) (46.8)

Data are n (%).

*Data of ECGs performed during 24 months of follow-up were available in 1,462/1,693 patients in the intervention (for both
resting and Holter ECG, 86.4%) and in 1,443 patients (for resting ECG, 84.0%) and in 1,436 patients (for Holter ECG,
83.6%) of 1,717 patients in the control group, respectively.

**P < 0.05 is considered statistically significant using exact Fisher Test.




Table S4. Baseline characteristic for patients in the complete randomized set (n = 3,431) with and

without beta-blocker on admission.

No beta-blocker on Beta-blocker on

admission admission® p-value

(n=2,299) (n=1,132)
Age, years (mean (SD)) 64.1(13.4) 70.5 (10.6) <0.001
Female sex (n; %) 853 (37.1) 503 (44.4) <0.001
Index event TIA (n; %) 711 (31.0) 319 (28.3) 0.104
NIHSS score on admission (median, [IOR 21[0,1,4,6] 2[1,1,4,7] 0.011
[10,25,75,90 percentile])
Intravenous thrombolysis (n; %) 493 (21.5) 252 (22.3) 0.597
Endovascular treatment (n; %) 65 (2.9) 33(2.9) 0.913
Length of hospital stay, days (median [IQR]) 715, 9] 7[5, 10] 0.007
Diabetes mellitus (n; %) 450 (19.8) 432 (38.5) <0.001
Hypertension (n;%) 1,532 (67.5) 1,077 (96.0) <0.001
Heart failure (n;%) 246 (10.8) 187 (16.7) <0.001
Renal impairment (n;%) 118 (5.2) 144 (12.9) <0.001
Peripheral artery disease (n;%) 71(3.1) 62 (5.5) 0.001
Hypercholesterolemia (n; %) 1,167 (51.4) 631 (56.3) 0.007
Coronary artery disease (n; %) 144 (6.3) 271 (24.2) <0.001
Prior ischemic stroke (n; %) 315 (13.9) 267 (23.8) <0.001
Prior TIA (n; %) 90 (4.0) 60 (5.4) 0.075
Heart rate on admission (mean (SD)) 77.0 (13.5) 73.1(13.9) <0.001

Data are n (%), mean (SD), or median (IQR). TIA=transient ischaemic attack. NIHSS=National Institutes of Health Scale. P
< 0.05 is considered statistically significant using exact Fisher Test, t-test for independent samples, or median (IQR): Mann-

Whitney-U test.



Table S5. Unadjusted HR for all-cause death within 24 months after the index stroke or TIA of the
control group compared to the intervention group stratified for the assumed etiology of the index

stroke/TI1A.

Assumed etiology HR 95% CI p-value
of the index stroke/TIA (unadjusted)
large artery atherosclerotic stroke control vs. intervention group 1.1 0.6-1.8 0.799
cardioembolic stroke control vs. intervention group 3.1 1.4-6.9 0.006
small artery occlusion control vs. intervention group 1.2 0.6-2.2 0.670
cryptogenic stroke control vs. intervention group 1.7 0.9-3.3 0.106
stroke of other determined etiology control vs. intervention group 0.7 0.2-3.0 0.612
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Figure S1: Flow chart of the post hoc analysis of the MonDAFIS cohort (see also Haeusler et

al.%)
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Figure S2: Kaplan Meier curve for the probability of a pacemaker-implantation within 24 months

after the index stroke/TIA in the intervention group and control group (complete randomized set): P-

value Log-Rank test was used to test the significance.

Intervention group

Control group

Probability of event (%0)

- Intervention group

= Control group

Log rank test: p=0.649

0 6 12 18 24
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Number at risk Events
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1,715 1,593 1,470 1374 1,319 30




Figure S3: Kaplan Meier curve for the probability of mortality within 24 months after the index

stroke/TIA stratified for the typo of assumed etiology of the index event (n=3,353): P-value Log-Rank

test was used to test the significance.
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