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Abstract
Background: Enhancing detection of unrecognized atrial fibrillation among acute ischemic stroke patients is crucial for
secondary stroke prevention.

Aim: To evaluate whether the detection rate of new atrial fibrillation in acute ischemic stroke patients without known
atrial fibrillation could be improved by doing serial 12-lead electrocardiograms once daily for five days, compared with
conventional 24-h Holter monitoring (24-h Holter).

Methods: We conducted a randomized clinical trial to compare the detection rates of paroxysmal atrial fibrillation
between serial electrocardiograms versus 24-h Holter from October 2015 to October 2018 at six hospitals. Eligible
participants were acute ischemic stroke patients with aged >65 years, with neither atrial fibrillation history nor any
presence of atrial fibrillation on baseline electrocardiogram at admission. The primary outcome was newly detected
electrocardiogram in the serial electrocardiograms and 24-h Holter group.

Results: Among 826 patients, baseline characteristics were similar between both groups. In the intention-to-treat
analysis, there was no statistical difference between serial electrocardiograms versus 24-Holter to detect atrial fibrillation
(8.4% vs. 6.9%; adjusted odds ratio |.17, 95% confidence interval 0.69-2.01). Stepwise multivariate logistic regression
revealed age >80 years and history of heart failure were associated with detection of paroxysmal atrial fibrillation
whereas patients with lacunar infarction had lower odds for detection of paroxysmal atrial fibrillation.

Conclusions: Serial electrocardiograms had comparable detection rate of paroxysmal atrial fibrillation compared with
24-h Holter and might be a viable alternative to 24-h Holter as a first-line approach to survey for potential paroxysmal
atrial fibrillation among elderly patients with acute ischemic stroke.
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Introduction

Atrial fibrillation (AF) is the most common chronic
cardiac arrhythmia in the elderly and is known to be
associated with fivefold risk of future ischemic stroke in
general population.'? A new diagnosis of AF after dis-
charge for stroke is associated with an increased risk of
recurrent stroke, compared with patients without AF
and with known AF.? Even when an index stroke is
presumed to be caused by another pathophysiologic
mechanism, such as lacunar infarct or large artery ath-
erosclerosis, AF may still exist. Once AF is found, oral
anticoagulant therapy, rather than antiplatelet therapy,
is recommended for secondary stroke prevention
because the initiation of oral anticoagulation is the
most effective strategy for secondary stroke prevention
in stroke patients with AF.*

While approaches for detecting AF vary,” doing a
conventional 12-lead electrocardiogram (ECG) or 24-h
Holter monitoring are typically seen as the standard
and cost-effective methods for detecting occult AF.°
Prolonged ECG monitoring may improve the detection
rate of AF, but it is relatively expensive and inconveni-
ent, thereby limiting its widespread use in clinical prac-
tice.”® A standard 12-lead ECG is a basic and
mandatory device in all hospitals, and remains a gold
standard modality for the diagnosis of AF. A retro-
spective study suggested that serial ECGs could
improve the detection rate of paroxysmal AF when
compared to a single ECG in patients with acute ische-
mic stroke, and the sensitivity of AF detection was not
different between serial ECGs and 24-h Holter
monitoring.'®

The objective of the Atrial Fibrillation Trial to
Evaluate Real-world Procedures for their Ultility in
helping to Lower Stroke Events (AFTER-PULSE)
was to compare the detection rate of AF with
serial 12-lead ECGs once daily for five days versus
24-h Holter monitoring in elderly patients with acute
ischemic stroke and no known AF at the time of
admission.

Methodology
Trial design

Details of the study design and methods have been pub-
lished previously.!' In brief, we conducted a multicen-
ter, randomized clinical trial at six hospitals in Taiwan
to compare the detection rates of paroxysmal AF
between serial 12-lead ECGs once daily for five days
vs. 24-h Holter monitoring in acute ischemic stroke
patients, without known AF, from 1 October 2015 to
31 October 2018. This trial followed CONSORT guide-
lines for reporting clinical trial protocols'> and was
approved by the local Institutional Review Board of

Chang Gung Memorial Hospital, Chiayi Branch,
Taiwan (103-7597B and 104-9611C).

Trial participants

Eligible participants were patients admitted to a hos-
pital for an ischemic stroke within two days of stroke
symptom onset, and aged > 65 years, with neither a his-
tory of AF nor any presence of AF on baseline ECG at
the time of hospital admission. Patents were excluded if
they had an indication for oral anticoagulation at
randomization, intracerebral hemorrhage by medical
history, pacemaker or implantable cardioverter—defib-
rillator device, or end-stage renal disease.

Trial procedure

We randomly allocated eligible patients in a 1:1 ratio to
receive 12-lead ECGs once daily for five days (interven-
tion group) or 24-h Holter monitoring (comparator
group). Allocation occurred when a study participant
met the inclusion criteria and did not meet any exclu-
sion criterion and signed the informed consent forms.
Randomization was done in blocks of random sizes of 4
and 6 at each site by using of a web-based randomiza-
tion service. One investigator (YLW) conducted com-
puter-generated site-specific randomization lists, wrote
an assigned-group on a small paper, put it in an enve-
lope in sequence, and then sent it to a research assistant
at each participated hospital in advance. Once an eli-
gible patient agreed to participate in this trial, an inves-
tigator would then open up an envelope to discover to
which group the patient was randomly assigned.
Investigators and patients were aware of study group
allocation. The interpretations of findings for both the
12-lead ECG and 24-h Holter groups were made by
attending cardiologists who were unaware of the
objectives of this study.

Trial intervention

If participants were randomly assigned to the serial
ECG group, they first received 12-lead ECG within
two days of stroke onset and then a 12-lead ECG was
repeated once daily for five days during hospitalization.
If five exams of 12-lead ECGs could not be completed
during hospitalization, the remaining 12-lead ECGs
would be done when the patient returned to an out-
patient clinic and all 12-lead ECG exams were sup-
posed to be done within three months after index
stroke. Participants who were randomly assigned to
the 24-h Holter group received Holter monitoring at
each hospital site during their hospitalization.
Participants in both randomized groups did not receive
any  specific  additional  medical  treatment.
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All secondary stroke prevention therapies and rehabili-
tation treatments were determined at the discretion of
the patients treating physicians.

Sample size calculation

We calculated sample size based on our preliminary
data preceding the actual conduct of this trial. We eval-
uated 193 patients comprising 96 patients in a serial
12-lead ECG group and 97 patients a Holter monitor-
ing group. AF was detected in five patients in the serial
ECG group and in two patients in the Holter monitor-
ing group. For a two-tailed -test at the 5% level and
with 80% power, 576 patients would be required per
group. To allow for dropouts, 600 patients would be
recruited in each group. Sample size calculation
was performed using G Power software by one investi-
gator (YLW)

Statistical analysis

Primary outcome was newly detected AF on a 12-lead
ECG in the serial ECG group and 24-h Holter group
after randomization based on intention-to-treat ana-
lysis. We also conducted additional analyses based on
per-protocol. For the intention-to-treat analysis, all
newly detected AF was counted regardless of the
modality (e.g., stroke patients assigned to the 24-h
Holter monitoring group may not have AF detected
by 24-h Holter monitoring, but have AF detected by
transthoracic echocardiogram, and in such a situation,
AF would not be counted in the per-protocol analysis,
but would be counted in the intention-to-treat ana-
lysis). For the per-protocol analysis, newly detected
AF was counted only when AF was detected by the
modality to which the patient was randomly assigned.
Subgroup analyses to explore whether certain baseline
characteristics (e.g., age, sex, National Institutes of
Health Stroke Scale (NTHSS) score, stroke type (lacu-
nar infarction vs. non-lacunar infarction) hypertension,
diabetes mellitus, chronic kidney disease, coronary
artery disease, heart failure, and previous stroke or
transient ischemic attack) would influence overall
results were conducted. Oral anticoagulants therapy,
including warfarin or non-vitamin K oral anticoagulant
(NOAC), in each group was recorded at discharge and
at 90 days among stroke patients with newly detected
AF. Baseline characteristics were compared using chi-
square (categorical variables), Mann—Whitney U (con-
tinuous variables which were not normally distributed)
or Student z-test (continuous variables which were nor-
mally distributed). Detection rates for paroxysmal AF
between the two groups were compared using chi-
square test with adjustment of age, sex, NIHSS score,
lacunar stroke, hypertension, diabetes mellitus, chronic

kidney disease, coronary artery disease, heart failure,
and previous stroke or transient ischemic attack.
Stepwise multivariate logistic regression was conducted
to explore the association between baseline factors and
newly detected AF using the entire trial data. All stat-
istical analyses were performed with IBM SPSS statis-
tics 19 for Windows.

Results

Between 1 October 2015 and 31 July 2018, 874 patients
were randomized and 826 patients were included for
analysis with 419 patients received 12-lead ECGs once
daily for five days and 407 patients received 24-h Holter
monitoring at six study hospitals (Figure 1). Baseline
characteristics of both groups are summarized in
Table 1 and there were no significant differences
between the groups in terms of age, sex, NIHSS
score, length of hospitalization, stroke type (lacunar
infarction vs. non-lacunar infarction), comorbidity,
and laboratory data. The duration of each 12-lead
ECG recording was ~5min and the formal result was
reported by a cardiologist within one day after exam-
ination. The median duration of 24-h Holter report was
three days after examination (interquartile range two to
five days). Overall, a higher frequency of newly detected
paroxysmal AF was found in ischemic stroke patients
>80 years vs. 65-79 years (12.6% vs. 5.3%).

In the intention-to-treat analysis, of the 419 patients
whom received serial 12-lead ECGs once daily for 5
days, 35 (8.4%) patients were identified as having
newly detected AF, whereas of the 407 patients who
received 24-h Holter monitoring, 28 (6.9%) patients
were identified as having newly detected AF. There
was no statistical difference between serial 12-lead
ECG and 24-Holter to detect AF (adjusted odds ratio
(OR) 1.17, 95% confidence interval (CI) 0.69-2.01). In
subgroup analysis, all baseline characteristics did not
influence new AF detection between these two modal-
ities (Table 2).

In the per-protocol analysis, of the 419 patients who
received serial 12-lead ECGs once daily for five days, 30
(7.2%) patients were identified as having newly
detected AF, whereas of the 407 patients who received
24-h Holter monitoring, 22 (5.4%) patients were iden-
tified as having newly detected AF. There was no
statistical difference between serial 12-lead ECG and
24-Holter to detect AF (adjusted OR 1.29, 95% CI
0.71-2.32). Most baseline characteristics did not influ-
ence new AF detection between these two modalities
(Table 3).

Of the patients who had newly detected AF, 37.1%
of patients in serial ECG group versus 39.3% of
patients in 24-Holter group were on an oral anticoagu-
lant at discharge, while 51.4% of patients in serial ECG
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Figure |. Study flowchart of patient selection.

4125 Assessed for eligibility

3249 Excluded:
1275 with age < 65

437 assigned to receive 12-lead ECG daily
for 5 days

18 excluded:
14 withdrew consent
3 not stroke
1 death before exam

419 included in analysis |

512 admitted > 2 das after
stroke

876 Randomized

740 AF at baseline
44 History of ICH
35 ESRD
8 with pacemaker
635 refused to participate in
this trial

439 assigned to receive 24-h Holter
monitoring

32 excluded:
25 withdrew consent
6 not stroke
1 death before exam

| 407 included in analysis

group versus 64.3% of patients in 24-Holter group were
on an oral anticoagulant at three months after their
index ischemic stroke (Table 4).

Stepwise multivariate logistic regression revealed
age > 80 years (adjusted OR 2.14, 95% CI 1.24-3.69)
and history of heart failure (adjusted OR 8.10, 95% CI
2.21-29.74) were associated with detection of paroxys-
mal AF, whereas patients with lacunar infarction had
lower odds for detection of paroxysmal AF (adjusted
OR 0.48, 95% CI 0.26-0.91) (Table 5).

Discussion

To our knowledge, this is the first randomized clinical
trial to evaluate the detection rate of paroxysmal AF by
serial 12-lead ECGs versus 24-h Holter monitoring in
elderly ischemic stroke patients without known AF at
baseline. The results suggested serial 12-lead ECGs
once daily for five days compared with 24-h Holter
monitoring, had comparable detection rate of paroxys-
mal AF among hospitalized elderly ischemic stroke
patients without baseline known AF. The new AF
detection rate for serial 12-lead ECGs in the current
study among Taiwanese patients was similar to a pre-
viously published observational study among Canadian
patients'® and provides some external validation for
our findings. Since it is not uncommon for paroxysmal
AF to be undetected in a single ECG on admission
among ischemic stroke patients,'® additional cardiac
rhythm workup is usually necessary. Our results
imply that serial 12-lead ECGs might be a viable

alternative to 24-h Holter monitoring as a first-line
approach to survey for potential paroxysmal AF in
acute ischemic stroke patients.

Two recent large clinical trials showed that NOACs,
rivaroxaban,'* and dabigatran'® failed to show super-
iority over aspirin to prevent recurrent stroke after
embolic stroke of undetermined source, which further
highlights the importance of identifying AF before use
of NOACs. Since 25-40% of AF is paroxysmal and
clinically silent,'® it can be a major challenge to detect
paroxysmal AF in ischemic stroke patients and a com-
prehensive scrutiny is often necessary. A recent study
indicated that among ischemic stroke patients without
AF diagnosed at discharge, 4% actually had an unrec-
ognized history of transient AF and these patients had
higher risk of recurrent strokes at one-year follow-up
compared to ischemic stroke patients without AF."
Therefore, a careful history review to uncover a parox-
ysmal AF history is important for ischemic stroke
patients. Since the 12-lead ECG is an inexpensive, read-
ily available, diagnostic modality and the current study
showed that serial 12-lead ECGs had comparable AF
detection rate compared with 24-h Holter monitoring,
it may not be unreasonable to do serial 12-lead ECGs in
all elder ischemic stroke patients without known AF by
history or baseline ECG at admission. For ischemic
stroke patients without AF identified by careful AF
history review and serial 12-lead ECGs, but in whom
paroxysmal AF is still suspected, prolonged ECG
monitoring may be necessary to identify potential par-
oxysmal AF.”® Also, we found that ischemic stroke

International Journal of Stroke, 16(3)
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Table I. Baseline demographics and clinical characteristics of patients with acute ischemic stroke, divided by the strategies for
detection of atrial fibrillation

ECG once daily for five days 24-h Holter monitoring
(n=419) (n=407)

ECG: electrocardiogram; HDL: high-density lipoprotein; LDL: low-density lipoprotein; NIHSS: National Institutes of Health Stroke Scale; TIA: transient
ischemic attack.

Data are presented as median (interquartile range) or n (%).

*p < 0.05, Chi-square or Mann—Whitney U test.

International Journal of Stroke, 16(3)
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Table 2. Intention-to-treat analysis for the detection rate of atrial fibrillation, ECG once daily for five days versus 24-h Holter
monitoring

ECG once daily
for five days, 24-h Holter, Adjusted OR P for
event/total (%) event/total (%) OR (95% ClI) (95% Cl)* interaction

International Journal of Stroke, 16(3)
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Table 2. Continued

ECG once daily
for five days, 24-h Holter, Adjusted OR P for

event/total (%) event/total (%) OR (95% Cl) (95% CI)* interaction

No 29/330 (8.8%) 23/309 (7.4%) 120 (0.68-2.12) 117 (0.64-2.11)

ClI: confidence interval; ECG: electrocardiogram; OR: odds ratio; TIA: transient ischemic attack.

Data are presented as n (%).

*Adjustment of age, sex, National Institutes of Health Stroke Scale (NIHSS) score, lacunar stroke, hypertension, diabetes mellitus, chronic kidney
disease, coronary artery disease, heart failure, and previous stroke or transient ischemic attack.

®Unable to obtain results due to small sample size.

Table 3. Per-protocol analysis for the detection rate of atrial fibrillation, ECG once daily for five days versus 24-h Holter monitoring

ECG once daily
for five days, 24-h Holter, Adjusted P for

event/total (%) event/total (%) OR (95% ClI) (OR 95% CI)* interaction

Overall 30/419 (7.2%)  22/407 (5.4%) 135 (0.77-2.38) 129 (0.71-2.32)

>80 years I5/141 (10.6%)  15/120 (12.5%) 0.83 (0.39-1.78)  0.80 (0.36-1.79) 0.I8

Sex

Women 14/177 (7.9%) 9/151 (6.0%) 136 (0.57-3.23)  1.70 (0.64—4.50)

04 9221 (4.1%)  11/209 (5.3%) 0.76 (0.31-1.88)  0.87 (0.34-2.20) 0.07

Stroke type

Non-lacunar infarction  22/166 (13.3%) 12/171 (7.0%) 2.02 (0.974.24) 1.86 (0.85-4.05)

Yes 23/318 (72%)  18/316 (5.7%) 129 (0.68-2.44) 124 (0.63-2.43) 0.80

Diabetes mellitus

No 22248 (89%)  18/254 (7.1%) 1.28 (0.67-2.44)  1.23 (0.62-2.43)

Yes 4/39 (10.3%) 5/29 (17.2%) 0.55 (0.13-2.26) 0.17 (0.01-2.83) 0.13

(continued)

International Journal of Stroke, 16(3)
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Table 3. Continued

ECG once daily
for five days,

24-h Holter,

event/total (%) event/total (%)

P for
interaction

Adjusted

OR (95% Cl) (OR 95% CI)*

Coronary artery disease

28/373 (7.5%)

19/377 (5.0%)

3/8 (37.5%) /4 (25%)

1.53 (0.84-2.79) 153 (0.82-2.85)

1.80 0.12-26.20)

Previous stroke or TIA

24/330 (73%)  18/309 (5.8%)

127 (0.67-2.39)  1.23 (0.64-2.38)

Cl: confidence interval; ECG: electrocardiogram; OR: odds ratio; TIA: transient ischemic attack.

Data are presented as n (%).

?Adjustment of age, sex, National Institutes of Health Stroke Scale (NIHSS) score, lacunar stroke, hypertension, diabetes mellitus, chronic kidney
disease, coronary artery disease, heart failure, and previous stroke or transient ischemic attack.

®Unable to obtain results due to small sample size.

Table 4. Oral anticoagulation in patients with atrial fibrillation detected in serial ECGs and 24-h Holter monitoring

groups, respectively, at discharge and at three months

Oral anticoagulation

ECG once daily for five days (n/N)

24-h Holter (n/N)

At discharge 13/35 (37.1%)

11728 (39.3%)

N: number of patients that paroxysmal atrial fibrillation was detected, n: number of patients that an oral anticoagulant was used.

patients with age >80 years, non-lacunar stroke, or
heart failure were significantly more likely have parox-
ysmal AF, and these patients in particular, may benefit
from more intensive AF surveillance.

We found 37.1% and 39.3% of patients with newly
detected AF took oral anticoagulants in serial ECG
and 24-h Holter groups, respectively, at discharge.
There were several reasons that may explain the rela-
tively low rate of oral anticoagulation use in these
people who were supposed to take oral anticoagulants
for secondary stroke prevention. First, the ratio of
hemorrhagic stroke to ischemic stroke is higher in
Asian than non-Asian populations'® and there is a
higher risk for anticoagulation-related intracranial
hemorrhage among Asian patients with AF.'” Second,
Taiwan National Health Bureau only reimburses
NOACs after two weeks of ischemic stroke in AF

patients. Therefore many attending neurologists hesi-
tate to use oral anticoagulants during acute stage of
ischemic stroke even AF exists. Furthermore, it was
possible that in certain cases, research assistants did
not relay the information of newly detected AF to
attending neurologists in time and therefore an oral
anticoagulant would not be used at discharge.

AF is the main underlying heart disease of cardioe-
moblic stroke?®?! and is associated with a higher in-
hospital rate among ischemic stroke patients generally
as well as among cardioembolic stroke subtype patients
specifically.> Among patients with cardioembolic
stroke, in-hospital mortality was 32% for those with
AF versus 15% for those without AF, while among
patients with atherothrombotic stroke, in-hospital mor-
tality was 29% in those with AF versus 19% in those
without AF.* Presence of AF is associated with a poor

International Journal of Stroke, 16(3)
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Table 5. Logistic regression for predictors of new-onset atrial fibrillation in patients with acute ischemic stroke using the whole trial
cohort

Univariate logistic Stepwise multivariate
regression, odds logistic regression,
Variables ratio (95% Cl) odds ratio (95% ClI)

Cl: confidence interval; TIA: transient ischemic attack; NIHSS: National Institutes of Health Stroke Scale; LDL: low density lipoprotein; HDL: high
density lipoprotein.

clinical outcome in both cardioembolic and athero- source of embolism or AF is not typical with this ische-
thrombotic infarction, which may be due to a higher —mic stroke subtype.>* In this study, we found that

heart disease in the group of atherothrombotic stroke evidence shows that cardioembolic occlusion can be an
with AF.%? unusual cause of lacunar infarction,”® in patients
Lacunar infarcts are the ischemic stroke subtype aged>85 years vs. under 85 years, the higher occur-
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and diabetes mellitus, suggest that the cardioembolic
pathogenic mechanism may be more frequent than
lacunar syndromes in very elderly stroke patients.®
Furthermore, a large clinical trial involving patients
with recent symptomatic lacunar infarcts showed that
about 9% of the recurrent ischemic strokes were caused
by cardioembolism?’ and therefore survey of potential
abnormality of heart, rhythm, and structure, is still cru-
cial in patients with lacunar infarction.

This study has several limitations. First, some
patients with paroxysmal AF may remain undetected
by doing serial 12-lead ECGs once daily or 24-h Holter
monitoring. However, since neither serial 12-lead ECGs
nor 24-h Holter monitoring is the most powerful
modality for identifying new AF, our study purpose
was actually to establish the best first-line tool that
can be applied universally to acute ischemic stroke
patients without baseline known AF. Second, different
underlying stroke mechanisms might influence the
detection rate of paroxysmal AF, these varied among
our enrolled patients. Since we did not collect detailed
data on precise stroke mechanisms among the enrolled
stroke patients, further analysis could not be con-
ducted. Nonetheless, underlying stroke mechanisms
were not likely to be different between the two groups
because we randomly assigned patients to each group.
Finally, lack of trial blinding on the part of investiga-
tors and patients may have introduced some bias, but
the final results were interpreted by cardiologists una-
ware of the objectives of the study, which likely mini-
mized this issue.

Conclusions

In conclusion, this randomized clinical trial showed
that serial 12-lead ECGs once daily for five days
compared with 24-h Holter monitoring had compar-
able detection rate of paroxysmal AF among elder
patients with acute ischemic stroke and without
known baseline AF, which suggests that serial 12-
lead ECGs once daily for five days could be a
viable alternative as a first-line approach to detect
paroxysmal AF in these patients. Further studies
may be warranted to assess whether detection of par-
oxysmal AF is eventually associated with a lower risk
of stroke recurrence, due to an increased timely ini-
tiation of oral anticoagulants.
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