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IMPORTANCE Patients with ischemic stroke attributed to large- or small-vessel disease are not
considered at high risk for atrial fibrillation (AF), and the AF incidence rate in this population
is unknown.

OBJECTIVES To determine whether long-term cardiac monitoring is more effective than usual
care for AF detection in patients with stroke attributed to large- or small-vessel disease
through 12 months of follow-up.

DESIGN, SETTING, AND PARTICIPANTS The STROKE-AF trial was a randomized (1:1), multicenter
(33 sites in the US) clinical trial that enrolled 496 patients between April 2016 and July 2019,
with primary end point follow-up through August 2020. Eligible patients were aged 60 years
or older or aged 50 to 59 years with at least 1 additional stroke risk factor and had an index
stroke attributed to large- or small-vessel disease within 10 days prior to insertable cardiac
monitor (ICM) insertion.

INTERVENTIONS Patients randomized to the intervention group (n = 242) received ICM
insertion within 10 days of the index stroke; patients in the control group (n = 250) received
site-specific usual care consisting of external cardiac monitoring, such as 12-lead
electrocardiograms, Holter monitoring, telemetry, or event recorders.

MAIN OUTCOMES AND MEASURES Incident AF lasting more than 30 seconds through
12 months.

RESULTS Among 492 patients who were randomized (mean [SD] age, 67.1 [9.4] years; 185
[37.6%] women), 417 (84.8%) completed 12 months of follow-up. The median (interquartile
range) CHA2DS2-VASc (congestive heart failure, hypertension, age �75 years, diabetes
mellitus, stroke or transient ischemic attack, vascular disease, age 65 to 74 years, sex
category) score was 5 (4-6). AF detection at 12 months was significantly higher in the ICM
group vs the control group (27 patients [12.1%] vs 4 patients [1.8%]; hazard ratio, 7.4 [95% CI,
2.6-21.3]; P < .001). Among the 221 patients in the ICM group who received an ICM, 4 (1.8%)
had ICM procedure–related adverse events (1 site infection, 2 incision site hemorrhages,
and 1 implant site pain).

CONCLUSIONS AND RELEVANCE Among patients with stroke attributed to large- or
small-vessel disease, monitoring with an ICM compared with usual care detected significantly
more AF over 12 months. However, further research is needed to understand whether
identifying AF in these patients is of clinical importance.
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D ata from 2020 indicate that the annual incidence of
new or recurrent stroke in the US was approximately
795 000, of which 23% were recurrent strokes.1 Most

strokes were ischemic (87%),1 and 2014 data suggests a con-
firmed diagnosis of atrial fibrillation (AF) was the presumed
cause in 12% of cases each year,2 although this may be an un-
derestimate because it did not account for undiagnosed AF.3

The risk of stroke was highest among patients with AF who had
a stroke or a high CHA2DS2-VASc (congestive heart failure, hy-
pertension, age ≥75 years, diabetes mellitus, stroke or tran-
sient ischemic attack [TIA], vascular disease, age 65 to 74 years,
sex category) score.4 The identification of AF in patients with
stroke, whether it is the cause of the index stroke, unmasked
by it, or coexistent, is therefore crucial for secondary stroke
prevention with guideline-recommended oral anticoagula-
tion (OAC) therapy, although the minimum burden of AF that
requires anticoagulation is unknown.5

The use of prolonged cardiac monitoring has been proven
to identify AF in a substantial proportion of patients with is-
chemic stroke and TIA.6 Observational studies of patients with
other ischemic stroke subtypes have reported on newly diag-
nosed subclinical AF.7-10 However, there are scarce data on the
yield of heart rhythm monitoring relative to routine follow-up
across ischemic stroke subtypes. In particular, the optimum
duration of cardiac monitoring and the rate of AF detection re-
main unknown in patients with a recent ischemic stroke clas-
sified as being due to a noncardioembolic etiology.

The Stroke of Known Cause and Underlying Atrial
Fibrillation (STROKE-AF) trial assessed whether long-term car-
diac monitoring with an insertable cardiac monitor (ICM) was
more effective than usual poststroke care for AF detection in
patients with stroke attributed to cervical or intracranial
large-artery atherosclerosis or small-vessel occlusion
(ie, large- or small-vessel disease). The hypothesis was that
ICMs would detect more AF than usual care in this subset of
patients with stroke who do not normally undergo prolonged
cardiac monitoring.

Methods
Study Design
This study was a multicenter, randomized (1:1), parallel-
group clinical trial comparing the rate of AF detection with an
ICM vs a control group receiving usual care in patients with an
index ischemic stroke classified by the enrolling investigator
as being due to large-artery atherosclerosis (large-vessel
disease) or small-vessel occlusion (small-vessel disease). The
study was conducted in compliance with international ethi-
cal and scientific quality standards and the principles of the
Declaration of Helsinki. The study design has been previ-
ously reported,11 and the trial protocol and statistical analysis
plan are available in Supplement 1 and Supplement 2. The
protocol was approved by all relevant institutional review
boards and all patients provided written informed consent prior
to initiation of any study-specific procedures. All protocol
modifications made after study initiation are listed in eTable 1
in Supplement 3.

Participants
Patients were admitted to high-performing stroke centers
where the treating physicians routinely categorize stroke types
using the Trial of Org 10172 in Acute Stroke Treatment (TOAST)
criteria.12 Investigators were instructed to assign stroke mecha-
nism using the TOAST criteria as applied in clinical practice.
A prespecified research instrument for TOAST classification
was not required. Patients were eligible if they had an index
stroke attributed by the investigators to large- or small-vessel
disease within 10 days prior to ICM insertion. Patients were
aged 60 years or older or aged 50 to 59 years with a docu-
mented medical history of at least 1 of the following addi-
tional stroke risk factors: congestive heart failure, hyperten-
sion, diabetes, ischemic stroke more than 90 days before the
index stroke, or other ischemic vascular disease. Patients were
excluded if they had cryptogenic stroke or embolic stroke of
undetermined source, cardioembolic stroke, a history of docu-
mented AF or atrial flutter, or a known indication or contra-
indication for long-term OAC. To avoid confounding factors,
patients were excluded if they had a medical history of un-
treated hyperthyroidism, myocardial infarction or cardiac sur-
gery less than 1 month prior to index stroke, or mechanical heart
valve or valvular disease requiring immediate surgery.

Randomization
Patients were randomized in a 1:1 ratio to the ICM or control
group. SAS, version 9.4 (SAS Institute Inc), code was devel-
oped to generate an output of site-specific randomization
schedules. The schedules consisted of randomly permuted
blocks of 2 and 4. The block permutation kept the balance of
participants receiving each group assignment and helped pre-
vent the next group assignment from being guessed by site per-
sonnel. Sites were limited to 50 enrollments to reduce site-
specific bias. The patients, investigative site personnel, and
Medtronic personnel were blinded to the overall randomiza-
tion sequence. However, due to the nature of the interven-
tion, blinding on an individual patient level was not feasible.
Aggregate efficacy results and adverse events, analyzed by ran-
domized group, remained blinded to study personnel until
completion of the primary end point analysis. The clinical
events committee (CEC) had visibility to group assignment.

Key Points
Question Do insertable cardiac monitors (ICMs) detect more
atrial fibrillation than usual care in patients with a recent ischemic
stroke attributed to large-vessel or small-vessel disease?

Findings This randomized clinical trial included 492 patients with
stroke attributed to large- or small-vessel disease evaluated with
an ICM or usual care. Over 12 months, atrial fibrillation was
detected in 12.1% of patients in the ICM group vs 1.8% in the usual
care group, a difference that was statistically significant.

Meaning Among patients with stroke attributed to large- or
small-vessel disease, AF was more commonly detected via ICM
than usual care, but whether this is of clinical importance is not
addressed by the study findings.
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Interventions
Patients in the ICM group received an insertable cardiac moni-
tor (REVEAL LINQ, Medtronic) within 10 days of the index
stroke and after randomization. The follow-up period began
on the day of randomization. Device insertion was per-
formed in accordance with each site’s standard procedure prac-
tice and the instructions in the device’s clinician manual. Pa-
tients in the control group received usual care specific to each
participating site.

Outcomes
The primary outcome was AF detection through 12 months be-
tween study groups, which included a subgroup analysis com-
paring patients with index stroke attributed to large-vessel dis-
ease vs small-vessel disease. The secondary outcome was AF
detection between study groups through the duration of the
study (up to 36 months). This analysis will therefore be per-
formed at study end. Post hoc analyses included the follow-
ing prespecified ancillary end points planned at 36 months that
were explored at 12 months: comparison of incidence rates of
AF detection at 6 months between study groups; the propor-
tion of asymptomatic AF episodes in the ICM group (no event
on the patient activation recorder); identification of the lon-
gest AF episode duration per patient in the ICM group; com-
parison of OAC use; and the incidence rate of recurrent stroke
between study groups.11

Clinical and monitoring data were collected at baseline and
1, 6, and 12 months after randomization, and will continue at
6-month intervals up to 36 months or the end of ICM battery
life. Additionally, patients randomized to the ICM group had
data collected at device insertion and at 3 and 9 months. ICMs
were programmed according to standardized requirements
(eTable 2 in Supplement 3).

AF was defined as an episode of irregular heart rhythm,
without detectable P waves, lasting more than 30 seconds and
adjudicated by the CEC.13 In the control group, electrocardio-
gram or other cardiac rhythm monitoring was performed at the
discretion of the treating physician. If an AF episode longer than
30 seconds was detected, source documentation was re-
viewed by the CEC. However, due to the ICM’s automatic de-
tection algorithms, all detected episodes in the ICM group were
at least 2 minutes in duration. Investigators were instructed
to ascertain whether patients experienced a recurrent stroke
or TIA at each follow-up visit and provide supporting details
(eTable 3 in Supplement 3). All recurrent TIAs and strokes were
determined by the stroke centers and confirmed by the CEC.
Recurrent stroke was defined as any hemorrhagic or ische-
mic event with rapid onset of a focal or global neurological defi-
cit or other neurological signs or symptoms consistent with
stroke. TIA was defined as any new focal neurological deficit
with rapid symptom resolution (usually 1-2 hours; always
within 24 hours) and without tissue injury (based on neuro-
imaging). Stroke severity was assessed using the National In-
stitutes of Health Stroke Scale.

Sample Size Calculation
The primary objective was to compare the incidence rates of
AF detection through 12 months of follow-up between the ICM

and control groups. A total of 23 AF events within 12 months
of follow-up were required to demonstrate a statistically sig-
nificant difference (P < .05) between the 2 groups with 85%
power. This calculation was based on the assumptions that the
AF incidence rate would be 8% in the ICM group and 2% in
the control group (hazard ratio [HR] of 4.13), annual attrition
rate of no greater than 10%, and annual crossover rate of 5%.
The assumption for HR of of 4.13 was based on the results of
previous studies, such as the CRYSTAL-AF trial.3 Due to popu-
lation differences, we expected a lower rate of AF in the cur-
rent trial than in the CRYSTAL-AF study. The sample size was
estimated to require 486 randomized patients. To account for
an assumed 2% attrition rate from enrollment to randomiza-
tion, it was estimated that approximately 496 patients would
be enrolled in the study.

Statistical Analysis
Statistical analyses were performed using SAS, version 9.4, and
R, version 3.6.0 (R Foundation for Statistical Computing). The
analysis set consisted of all randomized patients (Figure 1). Pa-
tients were analyzed according to their randomization group.
Survival estimates are reported for each group as well as an HR
estimate for the effect with corresponding 2-sided 95% CIs.
The Cox models analyzed time to first AF episode through 12
months. Prespecified subgroup analyses of patients by stroke
subtype (large-vessel disease and small-vessel disease) were
performed. A Cox proportional hazards model was used to test
the interaction term between group and subgroup of stroke
subtype. The proportional hazards assumption of the Cox mod-
els was assessed by examining the group by log(time) inter-
action term; the interaction term was not significant in each
model (P > .28) and, consequently, the proportional hazard
assumption was met. Because time-to-event methods were
used, there were missing data only for participants with no
follow-up time from randomization. Otherwise, each partici-
pant had data to contribute to the analyses. To evaluate
whether the effect of ICM monitoring varied among the en-
rolling sites, a post hoc mixed-effects model analysis of the pri-
mary outcome that treated study site as a random effect was
performed. Because of the potential for type I error due to mul-
tiple comparisons, findings for analyses of post hoc end points
should be interpreted as exploratory. Statistical significance
was set at a 2-sided P value of .05 for all analyses.

Results
Study Population
Between April 2016 and July 2019, a total of 496 patients
were enrolled at 33 sites in the US, of whom 492 were ran-
domly assigned to the ICM (n = 242) or the control group
(n = 250). All randomized patients were analyzed according
to their randomization group (Figure 1). The median (inter-
quartile range [IQR]) time from index stroke to randomiza-
tion was 4 (2-6) days. Crossover occurred in 14 of 492 ran-
domized patients: 6 assigned to receive an ICM did not and 8
assigned to receive usual care received an ICM. Device inser-
tion was successful in all 223 patients who received an ICM;
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219 (98.2%) underwent the procedure 10 days or less after
randomization, with median (IQR) time from index stroke to
ICM insertion of 5 (3-8) days. All patients were assessed for
symptoms at each 6-month follow-up visit. Follow-up con-
tinued through August 2020 (from randomization to 12
months) for a mean (SD) duration of 331.4 (90.9) days.

In total, 417 patients (84.8%) completed 12 months of
follow-up: 210 in the ICM group and 207 in the control group.
Of the 17 patients who died, 2 met the primary end point prior
to death (both in the ICM group). Of the 58 patients who left
the study early, 1 in the ICM group met the primary end point
prior to exiting. Reasons for incomplete follow-up are shown
in Figure 1.

Compared with patients who completed the 12-month
follow-up visit, baseline demographics of patients with in-
complete follow-up (n = 75) were similar except for more fre-
quent congestive heart failure (P = .04) (eTable 4 in Supple-
ment 3). The Table shows baseline demographics and clinical
characteristics for each group. The mean (SD) age of the popu-
lation was 67.1 (9.4) years, 185 (37.6%) were women, and the
median (IQR) CHA2DS2-VASc score was 5 (4-6). eTable 5 in
Supplement 3 shows baseline characteristics according to
TOAST subtype. Major echocardiographic features were simi-
lar between study groups (eTable 6 in Supplement 3).

Primary End Point
The incidence of AF at 12 months was 12.1% (n = 27) in the ICM
group vs 1.8% (n = 4) in the control group (HR, 7.4 [95% CI, 2.6-
21.3]; P < .001) (Figure 2). The median (IQR) time from ran-
domization to AF detection was 99 (36-235) days for the ICM
group and 181 (86-231) days for the control group. AF epi-
sodes detected in the control group resulted from a total of 76
electrocardiograms in 57 patients, 26 Holter monitors/event
recorders in 25 patients, and 2 mobile cardiac telemetry de-
vices in 2 patients.

Two additional patients in the control group had men-
tion of possible AF episodes with insufficient evidence for the
CEC to adjudicate these as confirmed AF. Results of a sensi-
tivity analysis that added these 2 AF episodes to the control
group still showed a significantly increased detection inci-
dence of AF in the ICM group compared with the control group
(12.1% [n = 27] vs 2.6% [n = 6]; HR, 4.9 [95% CI, 2.0-11.9];
P < .001). In the ICM group, all AF episodes contributing to the
primary end point were detected by the ICM.

A subgroup analysis was performed to compare the de-
tection incidence of AF between patients with an index stroke
classified as large-vessel disease (284 patients [57.3%]) and
small-vessel disease (208 patients [42.3%]) (Table). A Cox
model that included a term for the interaction between stroke

Figure 1. Patient Flow in a Study of Long-term Continuous Cardiac Monitoring vs Usual Care on Detection
of Atrial Fibrillation in Patients With Stroke Attributed to Large- or Small-Vessel Disease

496 Patients enrolled a

4 Not eligible
3 Did not meet inclusion criteria
1 Withdrew consent

492 Randomized

250 Randomized to receive usual care
243 Received usual care

7 Received ICM

242 Randomized to receive ICM
221 Received ICM
14 Exited the study early
7 Received usual care

250 Included in the primary analysis240 Included in the primary analysis
2 With no baseline data excluded

31 Exited the study early

12 Died

17 Patient withdrawal

12 Lost to follow-up
2 Reason unknown

13 No longer wished to participate
in the study

3 Transportation/distance was an
issue for follow-up visits

1 Patient changed care provider/site

27 Exited the study early

5 Died

11 Patient withdrawal

10 Lost to follow-up
4 Investigator withdrawal

1 Relocated to another geographic
location

1 Reason unknown

1 Patient refused ICM procedure
3 Patient was unresponsive

5 No longer wanted to participate
2 Family did not want patient to

participate
2 Transportation/distance was an

issue for follow-up visits
1 Changed care provider/site
1 Insurance issue

ICM indicates insertable cardiac
monitor.
a Sites were not required to provide

screening logs during the
recruitment phase; therefore, the
number of patients initially
screened and reasons preventing
their enrollment are not available.
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subtype and group showed that the interaction term as well
as stroke subtype were not significant (P = .42 and P = .46), and
only the group effect was significant (P = .009). AF incidence
at 12 months was significantly higher in the ICM group vs the
control group in patients with large-vessel (15 [11.7%] vs 3
[2.3%]; HR, 5.3 95% CI, 1.5-18.2]; P < .001) and small-vessel

(12 [12.6%] vs 1 [1.0%]; HR, 13.8 [95% CI, 1.8-111.1]; P < .001)
disease (Figure 3). Among patients in the ICM group, there was
no significant difference in AF detection in participants with
large- vs small-vessel stroke (15 [11.7%] vs 12 [12.6%]; HR, 0.9
[95% CI, 0.4-1.9]; P = .74).

The proportional hazard assumption was checked by ex-
amining the group by log(time) interaction term. The interac-
tion term was not significant in each model (P > .28). Conse-
quently, the proportional hazard assumption was met. The
effect of ICM monitoring was evaluated among the 33 enroll-
ing sites with a post hoc mixed-effects model analysis of the
primary end point. Sites were random effects and their effect
was not significant (P = .10).

Post Hoc End Points
At 6 months, the incidence of AF was 7.9% (n = 18) in the ICM
group vs 0.8% (n = 2) in the control group (HR, 9.9 [95% CI,
2.3-43.5]; P = .002). Few AF episodes were detected in the
ICM group during the first 30 days of follow-up (6 [2.6%]),
suggesting that 30 days of continuous monitoring (eg, mobile
telemetry) would have missed 78% (21 of 27) of the patients
detected by the ICM at 12 months. The first AF episode
detected in the ICM group was asymptomatic in 26 of 27
patients (96.3%).

Among patients with AF in the ICM group, the median (IQR)
duration for the longest single episode of AF detected was 88
(10-526) minutes, and was longer in those with small-vessel
vs large-vessel stroke (267 [49-438] vs 44 [8-526] minutes). Fur-
thermore, 15 patients (55.5%) with AF in the ICM group had
an episode longer than 1 hour. A histogram showing the du-
ration of the longest AF episode per patient is provided in eFig-
ure 1 in Supplement 3.

Table. Baseline Characteristics of Participants in a Study
of Long-term Continuous Cardiac Monitoring vs Usual Care
on Detection of Atrial Fibrillation in Patients With Stroke
Attributed to Large- or Small-Vessel Disease

Characteristic

No. (%)
Insertable cardiac monitor
(n = 242)a

Usual care
(n = 250)

Age, mean (SD), y 66.6 (9.3) [n = 240] 67.5 (9.5)

Age <65 y 107/240 (44.2) 108 (43.2)

Age 65-74 y 81/240 (33.5) 77 (30.8)

Age ≥75 y 52/240 (21.5) 65 (26.0)

Men 144/240 (60.0) 161 (64.4)

Women 96/240 (40.0) 89 (35.6)

CHA2DS2-VASc score,
median (IQR)b

5.0 (4.0-5.0) 5.0 (4.0-6.0)

Comorbidities/risk factors

Stroke 242 (100.0) 250 (100.0)

Hypertension 197 (81.4) 200 (80.0)

Smoking tobacco 130 (53.7) 133 (53.2)

Diabetes 87 (36.0) 100 (40.0)

Vascular disease 45 (18.6) 47 (18.8)

Congestive heart failure 28 (11.6) 23 (9.2)

TOAST classificationc

Large-vessel disease 140 (57.9) 142 (56.8)

Small-vessel disease 100 (41.3) 108 (43.2)

CT only 13 (5.4) 11 (4.4)

MRI only 11 (4.5) 20 (8.0)

Both CT and MRI 211 (87.2) 219 (87.6)

Neither CT nor MRI 7 (2.9) 0

NIHSS score, median (IQR)d 2.0 (1.0-4.0) 2.0 (1.0-5.0)

Abbreviations: CT, computed tomography; IQR, interquartile range;
MRI, magnetic resonance imaging; TIA, transient ischemic attack.
a Unless otherwise noted. Two patients in the ICM group for whom age and sex

are not known exited the study early. One patient exited the same day of
randomization and the other patient exited a day after being randomized.
Both patients met the inclusion criterion stating that the patient had an
ischemic stroke believed to be due to small-vessel disease or large-vessel
cervical or intracranial atherosclerosis within the past 10 days of enrollment.
This information was used to calculate a CHA2DS2-VASc (congestive heart
failure, hypertension, age �75 years, diabetes mellitus, stroke or TIA, vascular
disease, age 65 to 74 years, sex category) score of 2. Type of qualifying stroke
event was provided at the enrollment case report form and was used as the
TOAST (Trial of Org 10172 in Acute Stroke Treatment) classification of subtypes
of acute ischemic stroke.

b Scores on the CHA2DS2-VASc risk assessment range from 0 to 9, with higher
scores indicating a greater risk of stroke. A score of 5 corresponds to an
estimated stroke risk of 7.2% per year.14

c The TOAST classification categorizes subtypes of ischemic stroke based on
etiology into (1) large-artery atherosclerosis (or large-vessel disease),
(2) cardioembolism, (3) small-vessel occlusion (or small-vessel disease),
(4) stroke of other determined etiology, and (5) stroke of undetermined etiology.

d Scores on the National Institutes of Health Stroke Scale (NIHSS) range from 0
to 42, with higher scores indicating more severe neurologic deficits. An NIHSS
score of 2 corresponds to a relatively mild stroke.

Figure 2. Time to First Detection of Atrial Fibrillation at 12 Months
in a Study of Long-term Continuous Cardiac Monitoring vs Usual Care
on Detection of Atrial Fibrillation (AF) in Patients With Stroke
Attributed to Large- or Small-Vessel Disease

14

8

10

12

6

4

2

0

Pa
rt

ic
ip

an
ts

 w
ith

 A
F 

de
te

ct
ed

, %

Time after randomization, mo
0

242
250

2

216
237

4

207
237

6

204
225

8

197
214

10

190
209

12

186
203

No. of participants at risk
Control
ICM

Hazard ratio, 7.4 (95% CI, 2.6-21.3)
Log-rank P <.001

Control

ICM

At 6 months, the AF incidence was 7.9% in the ICM group vs 0.8% in the control
group (hazard ratio, 9.9 [95% CI, 2.3-43.5]; P < .001). The median (interquartile
range) time from randomization to AF detection was 99 (36.0-235.0) days for
the insertable cardiac monitor (ICM) group and 181 (86.0-231.0) days for the
control group. The median (interquartile range) observation time was 365
(365-365) days for all randomized patients for each group.
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At 12 months, 38 patients (15.7%) in the ICM group and
14 (5.6%) in the control group were prescribed OAC
(unadjusted odds ratio, 3.1 [95% CI 1.7-6.0]; P < .001).
Among patients who were prescribed OAC, 20 patients in
the ICM group and 11 patients in the control group did not
have AF. In patients in whom AF was detected, OAC was
prescribed more often in the ICM vs the control group (18
[7.4%] vs 3 [1.2%]; unadjusted odds ratio, 6.6 [95% CI, 1.9-
22.8]; P < .001). Direct oral anticoagulants were the pre-
dominant type of OAC prescribed (43 of 52 [83%]). In addi-
tion, 1 patient in the ICM group underwent left atrial
appendage occlusion and no patients underwent ablation.
The incidence of recurrent ischemic and hemorrhagic stroke
at 12 months was 7.2% (n = 16) in the ICM group and 9.8%
(n = 23) in the control group (HR, 0.7 [95% CI, 0.4-1.4];
P = .30) (Figure 4). Classification of first recurrent ischemic
stroke according to TOAST subtype is shown in eTable 7 in
Supplement 3. Of the 16 recurrent strokes in the ICM group,
only 1 occurred in a patient who had AF detected prior to
the stroke, and this patient was not prescribed anticoagu-
lants until after the recurrent stroke. Additionally, 1 patient
without AF detected prior to their recurrent stroke was
prescribed OAC prior to the recurrent event. Of the 23 recur-
rent strokes in the control group, there were no patients
with AF detected and no patients who were prescribed
OAC. The rate of recurrent TIA at 12 months was 1.8% (n = 4)
in the ICM group and 0.4% (n = 1) in the control group
(HR, 4.1 [95% CI, 0.5-36.8]; P = .21). Hemorrhagic stroke
was reported in 1 patient in each group, and frequency
of recurrent strokes were similar in the large- vs small-
vessel subtypes (27 [10.3%] vs 12 [6.1%]; HR 1.7 [95% CI 0.9-
3.4]; P = .12).

Adverse Events
Among the 221 patients in the ICM group who received an ICM,
4 (1.8%) had insertion procedure–related adverse events: 1 had

site infection (0.5%), 2 had incision site hemorrhages (0.9%),
and 1 had implant site pain (0.5%).

Discussion
In this randomized clinical trial, among patients with a
recent ischemic stroke attributed to large- or small-vessel
disease, monitoring with an ICM resulted in a significantly
higher rate of AF detection compared with usual care at
12 months.

The results presented are comparable to a small obser-
vational study of a noncryptogenic ischemic stroke cohort
that found AF detected in 6 of 51 patients (12%) after moni-
toring with an ICM for 13 months.7 Other studies using
prolonged continuous cardiac monitoring (64 hours to 21
days)8-10 in patients with acute and nonacute ischemic
stroke have shown higher rates of AF detection compared
with short-term monitoring. However, those cohorts
included unselected patients with ischemic stroke in their
reported AF detection rates, making comparisons of inci-
dence rates between studies unreliable. The recently com-
pleted but unpublished PERDIEM randomized trial defined
clinically actionable AF as lasting at least 2 minutes and
compared the rates of AF at 1 year with an ICM vs 4 weeks of
external loop recording in 300 adults.15 However, patients
were enrolled up to 6 months after ischemic stroke and,
although all ischemic subtypes were eligible, patients with
cryptogenic stroke made up approximately 70% of the
sample. The present study, on the other hand, provided evi-
dence of the higher yield of AF detection by ICM in patients
with noncryptogenic stroke starting within 10 days of the
index stroke.

However, it is important to note that in the absence of a
comparator group of patients with similar characteristics but
without stroke, it is not possible from this study design to

Figure 3. Time to First Detection of Atrial Fibrillation at 12 Months in a Study of Long-term Continuous Cardiac Monitoring
vs Usual Care in Patients With Stroke Attributed to Large- or Small-Vessel Disease
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determine whether the rate of AF detection was related to the
stroke or represented background asymptomatic AF that would
have been detected at a similar rate in the absence of stroke.
This study also did not address whether identifying AF in this
setting affects clinical outcomes.

The CRYSTAL-AF study showed a 12.4% AF detection rate
using ICMs in the first year after cryptogenic stroke,3 a stroke
subtype in which paroxysmal AF was strongly suspected. Re-
sults of that study led to guideline recommendations for long-
term cardiac monitoring in cryptogenic stroke.5,16 Monitor-
ing is now frequently performed in patients with embolic stroke
of undetermined source,17 because empirical anticoagula-
tion in these patients in the absence of ICM-detected AF has
not been proven effective.18,19

In contrast to those trials, the present study recruited
only patients with stroke attributed to large- or small-vessel
disease, a population of patients with ischemic stroke for
whom long-term cardiac monitoring data are sparse. Because
these strokes are generally thought to be due to atherosclero-
sis or lipohyalinosis,20 long-term cardiac monitoring is nei-
ther currently recommended nor routinely performed. How-
ever, many recurrent strokes do not have the same mechanism
as the initial stroke,21 so patients with an index stroke due to
large- or small-vessel disease can still be at risk for future AF-
related stroke, especially if they are only treated with anti-
platelet therapy.

Although some of the index strokes in this study may have
been due to undetected paroxysmal AF and mistakenly attrib-
uted to large- or small-vessel disease, this could not be deter-
mined. Prior studies have demonstrated that up to 1 in 6 pa-
tients presenting with classic lacunar syndromes have multiple
infarctions demonstrated on diffusion-weighted imaging, con-
sistent with a proximal embolic source.22 The importance of
detecting AF is not to ascribe an alternative etiology to the in-
dex stroke, but rather that it represents a risk for future car-
dioembolic stroke, which may be more effectively prevented
by OAC than antiplatelet therapy.

The minimum duration of AF needed to benefit from
long-term OAC remains unknown, but, in this study, a post hoc
analysis identifying the longest AF episode at 12 months
showed that AF events frequently lasted more than 1 hour
and all patients had a minimum CHA2DS2-VASc score of 2
(prior stroke). For patients with a clinical diagnosis of AF,
the overall median CHA2DS2-VASc score of 5 observed in this
population corresponds to an estimated stroke risk of 7.2%
per year.14 Ongoing studies may shed light on the clinical sig-
nificance of ICM-detected moderate-burden AF for primary
stroke prevention.23,24

Limitations
This study has several limitations. First, the attribution of stroke
mechanism is subjective and may have led to the enrollment
of a population at higher risk of underlying embolism; how-
ever, this attribution reflects real-world practice and the sample
in this trial is representative of patients for whom ICM deci-
sions need to be made. Second, due to study design, neither
patients, physicians, nor the committee members who adju-
dicated AF events or recurrent stroke events were blinded to

randomization assignment. However, the primary end point
of AF detection was adjudicated using objective criteria. Third,
there was a higher frequency of congestive heart failure among
patients who did not complete the 12-month follow-up. Given
that this is a risk factor for the development of AF, the results
may have underestimated the true incidence of AF. Fourth, the
study was not powered to detect a significant difference in rates
of recurrent stroke. Fifth, although the duration definition for
AF in the study was 30 seconds, patients in the ICM group
would not have their AF detected unless the episode per-
sisted for at least 2 minutes due to the requirements of the au-
tomatic detection algorithm. However, this limitation makes
estimates of the AF detection rate in the ICM group more con-
servative. Sixth, electrocardiogram monitoring follow-up in the
control group was variable and limited, further reducing the
ability to detect AF in these patients. This may reflect stan-
dard of care practice for patients with strokes of “known” ori-
gin attributed to large- and small-vessel disease in whom a car-
dioembolic etiology is deemed unlikely. Seventh, because
TOAST classifications were applied as customary in clinical
practice, these classifications may have greater interrater varia-
tion than if a validated formal TOAST classification algorithm
was used. Eighth, because of the absence of a comparator group
with similar characteristics but without a stroke, and the ab-
sence of clinical outcomes, this study can make no conclu-
sions about the clinical value of such testing.

Conclusions
Among patients with stroke attributed to large- or small-
vessel disease, monitoring with an ICM compared with usual
care detected significantly more AF over 12 months. How-
ever, further research is needed to understand whether iden-
tifying AF in these patients is of clinical importance.

Figure 4. Rate of Recurrent Stroke at 12 Months in a Study of Long-term
Continuous Cardiac Monitoring vs Usual Care on Detection of Atrial
Fibrillation in Patients With Stroke Attributed to
Large- or Small-Vessel Disease
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