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BACKGROUND: We aimed to quantify the incidence of atrial fibrillation (AF) in patients with cryptogenic stroke globally, as well as
separately in patients in and outside of Japan, using an implantable loop recorder from a prospective, observational, Reveal
LINQ Registry.

METHODS AND RESULTS: Patients developing cryptogenic stroke and monitored by implantable loop recorder for searching AF
were studied. The primary end point was incidence of AF within 36 months after insertion. Secondary end points were recur-
rent ischemic stroke/transient ischemic attack and AF-related treatment strategies. A total of 271 patients (61.6+14.3years,
170 men, 60 from Japan) were enrolled from 12 countries. AF was detected in 28.2% at 36 months. The median time from
enroliment to AF detection was 7.9 months. During the first 122 months, the AF detection rate slope was relatively steeper in the
Japanese subgroup versus non-Japanese patients. However, by 3years, the cumulative incidence of AF detection did not dif-
fer between groups. Age was the only variable associated with AF detection (hazard ratio, 1.05 [95% ClI, 1.02—1.07] per year),
trending higher in older age groups. Of the 271 patients, 11 (4.1%) developed recurrent ischemic stroke/transient ischemic
attack; AF was detected by implantable loop recorder in only 1 of these patients. Patients with detected AF were more com-
monly taking oral anticoagulation than those without AF at the last follow-up (64.7% versus 25.3%, P<0.001).

CONCLUSIONS: The rate of AF detection was similar to other studies in stroke populations monitored by implantable loop
recorders, including CRYSTAL-AF (Cryptogenic Stroke and Underlying Atrial Fibrillation), STROKE-AF (Stroke of Unknown
Cause and Underlying Atrial Fibrillation) and PER-DIEM (Post-Embolic Rhythm Detection With Implantable Versus External
Monitoring). Patients with detected AF more commonly initiated anticoagulation than those without AF.

Key Words: anticoagulation m atrial fibrillation m cardioembolism m cerebral infarction m cryptogenic ischemic stroke m
electrocardiographic monitoring

with cryptogenic stroke, which lacks a clearly defin-

stroke.! The development of long-term electro-
cardiographic monitoring, including implantable
loop recorder (ILR), has made stroke neurologists
more interested in searching for covert AF in patients

Atrial fibrillation (AF) is often covert in patients with

able pathogenetic mechanism and is often embolic.?®
In the 3 major randomized controlled trials using ILR
monitoring in patients with ischemic stroke, AF was
detected in =12% to 15% of patients by 12months
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CLINICAL PERSPECTIVE

What Is New?

e The 3-year cumulative incidence of atrial fibril-
lation detection in patients with cryptogenic
stroke using implantable loop recorders did not
differ between patients in Japan and those in
other countries, although the slope of detection
rate was relatively steeper in the Japanese sub-
group for the first 12 months after implant.

e Age was the only variable associated with de-
tection of atrial fibrillation, and the rate differed
among different age groups.

What Are the Clinical Implications?

e Detection of atrial fibrillation could change
treatment strategies for patients with crypto-
genic stroke, such as oral anticoagulation, and
thereby have an impact on preventing stroke
recurrence.

after ILR implant.*® Meta-analyses on poststroke car-
diac rhythm monitoring have shown higher rates of
AF detection and oral anticoagulation (OAC) initiation
in patients with ischemic stroke monitored with ILR
compared with those receiving Holter monitors or ex-
ternal loop recorders.”® In recent European guidelines,
prolonged cardiac monitoring instead of standard
24-hour monitoring was recommended and the use of
ILR instead of nonimplantable devices was suggested
to increase AF detection for adult patients with ischemic
stroke or transient ischemic attack (TIA) of undeter-
mined origin.® Long-term rhythm monitoring using ILR
was described as reasonable to improve AF detection
for patients with stroke or TIA in recent US guidelines.”®

The prevalence of AF in Asia was reportedly lower
than in Western countries, although it has been in-
creasing due to aging populations." In ASSERT
(Asymptomatic Atrial Fibrillation and Stroke Evaluation
in Pacemaker Patients and the Atrial Fibrillation
Reduction Atrial Pacing Trial), Black Africans, Chinese,
and Japanese older patients with hypertension using
implanted devices had a lower incidence of AF com-
pared with Europeans during a 2.5-year observation
period.”? It remains unknown whether differences in
the AF detection rate exist among patients with crypto-
genic stroke from different countries or races. The AF
detection rate using ILRs in Japan was reportedly rela-
tively high (21.4% at 3months) in a multicenter registry
of patients with cryptogenic stroke.”® Here, we aimed
to quantify the incidence of AF in patients with crypto-
genic stroke globally, as well as separately in patients
in and outside of Japan, using an ILR from a prospec-
tive, observational, Reveal LINQ Registry.'”* We also
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Nonstandard Abbreviations and Acronyms

ARTESIA Apixaban for the Reduction
of Thrombo-Embolism in
Patients with Device-
Detected Subclinical Atrial

Fibrillation

Asymptomatic Atrial
Fibrillation and Stroke
Evaluation in Pacemaker
Patients and the Atrial
Fibrillation Reduction Atrial
Pacing Trial

Prevalence of Subclinical
Atrial Fibrillation Using an
Implantable Cardiac Monitor

Cryptogenic Stroke and
Underlying Atrial Fibrillation
embolic stroke of
undetermined source
ILR implantable loop recorder
NAVIGATE ESUS New Approach Rivaroxaban
Inhibition of Factor Xa in a
Global Trial Versus ASA to
Prevent Embolism in
Embolic Stroke of
Undetermined Source
OAC oral anticoagulation
PER-DIEM Post-Embolic Rhythm
Detection With Implantable
Versus External Monitoring
Randomized, Double-Blind
Evaluation in Secondary
Stroke Prevention
Comparing the Efficacy and
Safety of the Oral Thrombin
Inhibitor Dabigatran Etexilate
Versus Acetylsalicylic Acid
in Patients With Embolic
Stroke of Undetermined
Source

ASSERT

ASSERT-II

CRYSTAL-AF

ESUS

RE-SPECT ESUS

REVEAL-AF Incidence of AF in High-
Risk Patients
STROKE-AF Stroke of Unknown Cause

and Underlying Atrial
Fibrillation

assessed recurrence of ischemic stroke/TIA, as well
as AF-related treatment strategies.

METHODS

Study Design and Setting
The Reveal LINQ Registry was a prospective, non-
randomized, single-arm, open label, observational
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| 1604 Patients enrolled

| (215 from Japan, 1389 outside of Japan)

> | 1313 excluded for the purposes other than seeking causes of cryptogenic stroke

I 291 patients to seek causes of cryptogenic stroke | (63 from Japan, 228 outside of Japan)

20 excluded

8 had a history of atrial fibrillation (AF)

—> 1 had a history of ablation for another arrhythmia
1 did not have a stroke history

10 were lost to follow-up

| 271 patients for AF Incidence analysis

| (60 from Japan, 211 outside of Japan)

> | 74 excluded with <l-year monitoring without detecting AF

| 197 patients for Treatment Strategies analysis | (55 from Japan, 142 outside of Japan)

Figure 1. Study flowchart.

registry  (ClinicalTrials.gov; NCT02746471), involv-
ing 12 countries, aiming to characterize the role of
Reveal LINQ ILR (Medtronic Inc., Minneapolis, MN) in
the patient care pathway." The study was designed
and conducted in accordance with the Declaration of
Helsinki and followed the Strengthening the Reporting
of Observational Studies in Epidemiology reporting
guideline. The local institutional review boards or eth-
ics committees approved the study protocol at each
participating center, and all patients provided written
informed consent. The data that support the findings
of this study are available from the corresponding au-
thor upon reasonable request.

Participants

Patients were included in the present analysis if (1) they
had a history of cryptogenic stroke or TIA on the basis
of the criteria by the Cryptogenic Stroke/Embolic Stroke
of Undetermined Source (ESUS) International Working
Group,? (2) the reason for monitoring with an ILR was
cryptogenic stroke, (3) they had available device data,
and (4) they had a minimum of 1 contact with their care
provider after ILR insertion (to allow for collection of
any treatment strategies after implant). Patients with a
history of AF or atrial ablation were excluded.

Study Procedures

The ILR insertion procedure for this registry has been
previously described.'*'® AF was defined as an episode
>2 minutes retrospectively adjudicated by 1 or 2 inde-
pendent reviewers unrelated to the study (Medtronic
monitoring center). AF status was also based on diag-
noses made by treating physicians during follow-up and
recorded in case report forms. The AF detection algo-
rithm operates through continuous assessment of the
regularity of RR intervals within a 2-minute time window
to recognize AF. Data were collected at in-office clinic

J Am Heart Assoc. 2024;13:e035956. DOI: 10.1161/JAHA.124.035956

visits, review of remote monitor transmissions, or chart
review for reportable events. Follow-up was required
at a minimum every 6months +3months after inser-
tion, and real-time reporting was performed for treat-
ment strategies and adverse events, including stroke,
TIA, OAC, and cardiac device therapies. Patients were
monitored with the ILR for up to 36 months from time
of insertion. When the registry started data collection
in March 2014 and through December 2017, sites were
required to follow patients for a minimum of 18 months.
In September 2016, the required follow-up was ex-
tended to 36months. All patients from Portugal and
Japan were enrolled after that date and were thus fol-
lowed for the extended follow-up period.

End Points

The primary end point of this analysis was the inci-
dence of adjudicated AF lasting >2minutes within
36 months after ILR insertion. Secondary end points
were recurrent ischemic stroke/TIA, recurrent is-
chemic stroke, and AF-related treatment strategies,
including OAC therapy and cardiac device therapies.
For the treatment strategies analysis, if patients had no
AF, they were required to have a minimum of 1year of
follow-up data to allow for enough time to detect AF
and record any treatment strategies. End points were
assessed both overall and separately in patients from
Japan and those outside Japan.

Statistical Analysis

Statistical analyses were performed using SAS ver-
sion 9.4 (SAS Institute, Cary, NC). All analyses were
focused on comparing patients from Japan versus
patients not from Japan. The analysis data sets con-
sisted of 2 different cohorts (AF Incidence analysis
and Treatment Strategies analysis), the second being
a subset of the first (Figure 1). The first cohort was
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used for baseling, time to recurrent stroke analyses,
time to first AF detection, and predictors of AF analy-
sis. The second cohort was used for treatment strat-
egy reporting.

Patients were analyzed post hoc according to
their country of implant (Japan versus non-Japan). x?
tests were used when testing categorical variables
for independence, provided sample sizes were suf-
ficient. When sample sizes were too small, Fisher’s
exact test was used instead. T tests were used when
comparing normally distributed continuous variables.
The Wilcoxon rank-sum exact test was used when
comparing nonparametrically distributed continuous
variables.

Survival estimates are reported as well as a hazard
ratio estimate for the effect with corresponding 2-sided
95% Cls. A limit of 20 patients remaining at risk, per
cohort, was used to censor Kaplan—-Meier plots for
both time to the first detection of AF and cumulative
incident rate of ischemic stroke/TIA events. For the plot
showing time to the first detection of AF according to
age grouping, the plot was not censored on the basis
of the number of patients remaining at risk. A multi-
variable Cox proportional hazard model analyzed time
to first AF episode. When time-to-event methods were
used, only participants with no follow-up time from
randomization had missing data. There is potential for
type | error due to multiple comparisons, thus findings
should be interpreted as exploratory. Statistical sig-
nificance was set at a 2-sided P value of 0.05 for all
analyses.

RESULTS

Participants were enrolled from March 2014 to
January 2018 at 51 study sites located in 12 coun-
tries (United States, Japan, ltaly, Portugal, Saudi
Arabia, Netherlands, Belgium, Greece, Germany,
Spain, Israel, and United Kingdom [in descending
order of registration number]). The last patient com-
pleted follow-up in May 2021. Of the 1604 patients
who participated in the registry, 291 were enrolled for
the purpose of detecting covert AF as a pathogenetic
cause of cryptogenic stroke from 37 sites in 12 coun-
tries (Figure 1). Twenty of these 291 patients were ex-
cluded from the present analyses due to a history of
AF, a history of ablation for another arrhythmia, the
lack of a stroke history, and no follow-up data after
ILR insertion. Thus, 271 patients (61.6+£14.3years,
170 men) were studied. There were no unexpected
battery depletions reported during the study pe-
riod. Of the 72 patients who remained in the study
for =36 months, 1 had a battery depletion. Median
time of study follow-up was 20.0 months (interquartile
range [IQR], 8.0-37.3).

J Am Heart Assoc. 2024;13:e035956. DOI: 10.1161/JAHA.124.035956
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Table 1. Baseline Characteristics of Patients

Non-
All Japanese Japanese$
Characteristic (n=271) (n=60) (n=211)
Age, y 61.6+14.3 59.1+15.7 62.3+13.9
Male sex 170 (62.7) 46 (76.7) 124 (58.8)
Race I
White 129 (47.6) 0(0.0) 129 (61.1)
Asian 64 (23.6) 60 (100.0) 4(1.9)
Black 13 (4.8) 0(0.0) 13(6.2)
Other 2(0.7) 0(0.0) 2(0.9
Not reportable 63 (23.2) 0(0.0) 63 (29.9)
per local law or
regulations
Body mass index 27.4+6.0 22.9+2.9 28.7+6.0*
Medical history
Diabetes 54 (19.9) 8 (13.3) 46 (21.8)
Myocardial infarction 9 (3.9 0(0.0) 9 (4.3)
Hypertension 128 (47.2) 21(35.0) 107 (50.7)"
Congestive heart 10 (8.7) 3(5.0) 7 (3.3)
failure
Structural heart 5(1.8) 1(1.7) 4(1.9)
disease
Peripheral vascular 5(1.8) 0(0.0) 5(2.4)
disease
Aortic plaque 5(1.8) 0(0.0) 5(2.4)
CHA,DS,-VASc score 4 (3-5) 3 (2-4) 4 (3-5)
CHADS, score 3 (4-6) 3(2-3) 3 (2-4)*
Intrinsic QRS duration, 95.3+22.5 97.9+21.3 94.4+22.9
ms
PR interval, ms 177+78 198+142 169+28
Medications
Any anticoagulants 57 (21.1) 26 (43.9) 31 (14.8)
Warfarin 26 (9.6) 14 (23.3) 12 (6.7)
Direct oral 23 (8.5) 11 (18.3) 12 (56.7)
anticoagulants
Unknown 8(3.0) 1(1.7) 7 (3.9
Antiplatelets 181 (67.3) 27 (45.0) 154 (73.7)
Antiarrhythmic 5(1.9) 1(1.7) 4(1.9)
agents
B blockers 76 (28.3) 3(5.0) 73 (34.9)*
ACE inhibitors 74 (27.5) 6 (10.0) 68 (32.5)
Time from most recent 1.8 1.0(0.6-2.8) | 2.3(0.7-4.7)
cryptogenic stroke/TIA (0.6-4.3)
to ILR implant, mo

Data are n (%), mean+SD, or median (interquartile range). Twenty-three
patients (4 from Japan) are missed for “body mass index.” Seventy patients
(8 from Japan) are missed for intrinsic QRS duration. Seventy-six patients
(8 from Japan) are missed for PR interval. One patient (non-Japanese) is
missed for anticoagulant medication. Two patients (both non-Japanese)
are missed for other medications. A total of 219 patients (48 from Japan)
are missed for time from the stroke event to ILR implant. ACE indicates
angiotensin-converting enzyme; ILR, implantable loop recorder; and TIA,
transient ischemic attack. One is Native Hawaiian or other Pacific Islander. The
detailed information is not entered in the other.

*P<0.05, TP<0.01, *P<0.001 vs “Japan.”

§132 from United States, 24 from ltaly, 16 from Greece, 10 from Saudi
Arabia, 8 each from Germany and Spain, 7 from Israel, 3 from Belgium, 2
from Netherlands, and 1 from Portugal.
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Figure 2. Time to the first detection of atrial fibrillation.

AF Incidence Analysis

Table 1 shows patient baseline characteristics. The
median CHA,DS,-VASc score was 4 (IQR, 3-5), and
the median CHADS, score was 3 (IQR, 4-6). The me-
dian time from the most recent stroke event to ILR in-
sertion was 1.8 months (IQR, 0.6-4.3).

Figure 2 shows the time to the first AF detection
after ILR insertion. AF was detected in 1.5% (95%
Cl, 0.6%-3.9%) of patients at 1 month, 6.0% (95%
Cl, 3.7%-9.6%) at 3months, 13.6% (95% ClI, 9.7%-
18.7%) at 12months, 18.0% (95% ClI, 13.4%-23.8%)
at 18 months, and 28.2% (95% Cl, 21.6%-36.4%) at
36 months. The median time from enroliment to AF de-
tection was 7.9 months (IQR, 2.0-15.8).

Comparison Between Japanese and
Non-Japanese Subgroups

The Japanese subgroup included 60 patients moni-
tored for a median duration of 37.9 (IQR, 33.1-39.0)
months. The non-Japanese subgroup included 211
patients monitored for a shorter period for reasons
described above, a median of 17.5 (IQR, 6.0-29.5)
months. Several differences were observed when
comparing these subgroups, including a higher pro-
portion of Asians, and men; lower BMI; lower propor-
tion of patients with a history of hypertension; lower
CHADS, and CHA,DS,-VASc scores; higher propor-
tion of patients on baseline OAC; and lower propor-
tion of patients on baseline antiplatelets,  blockers,
and angiotensin-converting enzyme inhibitors in the
Japanese versus non-Japanese patients (Table 1).
Before ILR insertion, the Japanese subgroup had

more imaging tests of head/neck performed, including
magnetic resonance imaging scans, magnetic reso-
nance angiography, computed tomography scan, and
Doppler of carotids/intracerebral arteries than the non-
Japanese subgroup (Table 2). As for cardiac monitor-
ing, ECG Holter, transthoracic echocardiography, and
transesophageal echocardiography were more often
performed in the Japanese subgroup.

No statistically significant difference in the incidence
of AF detection was observed between subgroups
(P=0.58; Figure 2). The slope of AF detection rate was
relatively steeper in the Japanese subgroup for the first
12months; the rate of AF detection at 4months in the
Japanese subgroup was >3-fold higher than the non-
Japanese subgroup. However, cumulative incidence
rates leveled off by 36months. As a straight percent-
age (ignoring differences in follow-up times), AF was de-
tected in 16 patients (27%) in the Japanese subgroup
and 35 (17%) in the non-Japanese subgroup. The me-
dian time from insertion to AF detection was 4.4 (IQR,
1.1-15.7) months for the Japanese and 9.8 (IQR, 2.8-
15.8) months for the non-Japanese subgroups (P=0.20).

The 51 patients with AF detection had a total of 513
AF episodes with a median of 3 episodes per patient
(Table 3). The median duration of the longest single AF
episode per patient was 34 (IQR, 6-514) minutes.

Predictors of AF

In a multivariable analysis for predictors of AF detection
comparing Japanese versus non-Japanese patients
and the components of the CHA,DS,-VASc score,
only age was associated with an increased likelihood

J Am Heart Assoc. 2024;13:e035956. DOI: 10.1161/JAHA.124.035956 5
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Table 2. Diagnostics Tests Before Insertion of Implantable Loop Recorders

Characteristic All (n=271) Japanese (n=60) Non-Japanese (n=211)
Head and neck
CT 143 (52.8) 47 (78.9) 96 (45.5)F
MR imaging 168 (62.0) 57 (95.0) 111 (52.6)*
CT angiography 63 (23.2) 19 (31.7) 44 (20.9)
MR angiography 94 (34.7) 55 (91.7) 39 (18.5)*
Carotid/transcranial Doppler 90 (83.2) 32 (563.3) 58 (27.5)
Cardiac monitoring
Holter ECG 106 (39.1) 51 (85.0) 55 (26.1)*
External loop/event recorder 18 (6.6) 2 (3.3 16 (7.6)
ECG basic/telemetric 41 (16.1) 9 (15.0) 32 (15.2)
Transthoracic echocardiography 163 (60.1) 58 (96.7) 105 (49.8)
Transesophageal echocardiography 101 (37.3) 42 (70.0) 59 (28.0)*

Data are n (%). CT indicates computed tomography; and MR, magnetic resonance.

+P<0.001 vs ‘Japan.”

of detecting AF (hazard ratio, 1.05 [95% ClI, 1.02-1.07]
per year; Table 4). Upon further exploring AF detection
according to age group (aged <50years, 50-59years,
60-69years, 70-79years, and >80yearsr) AF inci-
dence trended higher in older age groups (Figure 3).

Recurrent Stroke

Of 271 patients, 11 (4.1%) experienced 15 ischemic
stroke/TIA events during follow-up; 10 of the 11 (3.7%)
developed events within the initial 12 months of moni-
toring. TIA occurred in 5 patients (5 events), cardioem-
bolic stroke in 4 (5 events), atherothrombotic stroke in 2
(8 events), and cryptogenic stroke and lacunar stroke in
1 each (each 1 event). AF was detected in only 1 of the
11 patients who developed recurrent stroke. Figure 4A
shows the cumulative incident rate of ischemic stroke/
TIA events by presence/absence of subclinical AF
(P=0.34). Of the 11 patients, 2 (3.4%) were registered
from Japan and 9 (4.3%) outside of Japan (P=0.52,
Figure 4B).

Treatment Strategies Analysis

To allow for enough time to detect AF and record any
treatment strategies related to ILR findings, 74 patients
who had no AF, and <1 year of follow-up data were ex-
cluded from the treatment strategies analysis. In total,

Table 3. Duration and Number of Adjudicated AF

197 patients were included (Figure 1). Table 5 shows
AF-related treatments according to subgroup and AF
status during follow-up. Twenty-three of 38 patients
(60.5%) with identified AF initiated OAC treatment dur-
ing follow-up, while 9 of 27 (33.3%) without AF discon-
tinued OAC. Finally, 33 (64.7%) patients with AF versus
37 (25.3%) patients without AF were on OAC at their
last follow-up (P<0.001). Catheter ablation was per-
formed in 6 (11.8%) and therapeutic device implant in
6 patients with AF (11.8%). No statistically significant
differences were observed between the Japanese and
non-Japanese subgroups.

DISCUSSION

This study showed global results of the incidence of
AF in patients with cryptogenic stroke using ILR from a
large international registry. The major finding was that
AF was detected in 18.0% at 18 months and 28.2%
at 36 months after ILR insertion. In the Japanese sub-
group, the rate trended slightly higher compared with
the non-Japanese subgroup but not significantly. Only
age was statistically associated with AF detection at
a significant level. In addition, patients with detected
AF during the observation period tended to develop
ischemic stroke or TIA less frequently and to initiate
OAC more frequently than those without AF. Detection

All patients with AF Japanese patients with AF Non-Japanese patients with
Parameter (n=51) (n=16) AF (n=35)
Median duration of longest AF episode, min (IQR) 34 (6-514) 550 (16-1106) 20 (6-354)
Median number of AF episodes (IQR) 3 (1-13) 5.5 (1-15) 3 (1-12)
Number of patients with AF >1 h (%) 23 (45) 10 (63) 13 (37)
Number of patients with AF >6 h (%) 16 (31) 9 (56) 7(14)
Number of patients with AF >24 h (%) 7 (14) 3(19) 4 (M)

AF indicates atrial fibrillation; and IQR, interquartile range.

J Am Heart Assoc. 2024;13:e035956. DOI: 10.1161/JAHA.124.035956
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Table 4. Multivariable Predictors of AF Considering
Country and the Components of CHA,DS,-VASc

Hazard
Parameter Pr>y? ratio Wald 95% Cl
Age at implant (per year) <0.0001 1.05 1.03-1.07
Sex 0.92 0.97 0.54-1.74
Congestive heart failure 0.50 2.00 0.27-14.9
Hypertension 0.09 1.69 0.93-8.07
Diabetes 0.40 1.41 0.64-3.12
Vascular disease” 0.75 0.82 0.24-2.74
Japanese (or not) 0.46 1.27 0.68-2.37

Of the components of CHA,DS,-VASc, history of stroke was required
for all the patients and was not included in the models. AF indicates atrial
fibrillation.

*Vascular disease includes peripheral vascular disease, plaque, and
myocardial infarction.

of AF could change treatment strategies, such as OAC
use, and thereby have an impact on stroke recurrence.

ILRs are established devices recording higher de-
tection rates of AF in patients with cryptogenic stroke.
Meta-analyses have demonstrated that the probabil-
ity of AF detection was 2.78- to 5.31-fold higher using
ILRs versus conventional cardiac monitoring.”® The 12-
month detection rate found in our cohort of patients
with cryptogenic stroke (13.6%) was similar to those
reported in randomized controlled trials (=12%-15%)-®
and most observational studies (x12%-16%).15-20 At
36 months, the rate of AF detection (28.2%) was also
similar to those in the CRYSTAL-AF (Cryptogenic
Stroke and Underlying Atrial Fibrillation; 30.0%) and
the STROKE-AF (Stroke of Unknown Cause and

The Reveal LINQ Registry for Cryptogenic Stroke

Underlying Atrial Fibrillation; 21.7%) trials.®?! We should
be careful of the interpretation of these findings be-
cause the detection rate of AF in the nonstroke popu-
lation was rather high (31.0% and 27.1% at 12months,
respectively) and prior stroke (not always cryptogenic)
was not predictive of AF detected by ILR in ASSERT-II
(Prevalence of Subclinical Atrial Fibrillation Using an
Implantable Cardiac Monitor) or REVEAL-AF (Incidence
of AF in High-Risk Patients) studies.?%23

Some observational studies in patients with crypto-
genic stroke have shown 12-month AF detection rates
as high as 24.1% to 33.3%."324-26 A possible explana-
tion for these higher rates could be the age of patients
enrolled, who were 5 to 10years older than our cohort
(mean age, 66.4-71.6 versus 61.6years). Older age
has been associated with increased AF detection?®-30
and was the only statistically significant predictor of
AF in the present study. The rate increased by 5% per
1-year increase in our analysis and by 91% per 10-year
increase in CRYSTAL-AF.?° In contrast, ILR detected
AF in =10% of patients aged <60years in our cohort,
similar to the 6% reported for that age group in a re-
cent study. Since AF is strongly age dependent, patho-
geneses of stroke should be thoroughly examined for
younger patients with cryptogenic stroke before im-
plant of ILR.

Another possible reason for high AF detection rates
in some studies may be early ILR insertion (within
1 month) after stroke onset. AF seems to be detected
relatively often early after index embolic events.3!
However, it should be noted that AF detected early
after stroke is often neurogenic; the mechanisms

60%

50%

10/
40% 35.3%

41.1%

35.3%

30%

Cumulative Incidence of Atrial Fibrillation

23.2%
20%
9.9%
10%
9.7%,
0% o
Subjects at Risk 0 6 12
<50 61 47 42
50-59
60-69 72 55 49
70-79 60 38 26
80+ 23 17 11

21.4%

11.9%

18 24 30 36
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38 27 19 16
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Figure 3. Time to the first detection of atrial fibrillation according to age.
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Figure 4. Cumulative incident rate of ischemic stroke/TIA events.
(A) By presence/absence of subclinical atrial fibrillation; (B) by Japanese/non-Japanese groups. AF indicates atrial fibrillation; and

TIA, transient ischemic attack.

include transient loss of autonomic control and short-
lasting inflammatory responses by stroke damage.®
Neurogenic AF was associated with insular stroke.®?
In a meta-analysis involving 22 566 patients with isch-
emic stroke or TIA, the risk of recurrent stroke was
26% lower in patients with AF detected early after
stroke than in those with AF known before stroke,
suggesting that poststroke AF arising from neuro-
genic factors has a low burden and is associated with
a low embolic risk.34

Of previous reports with higher AF detection rate,
a multicenter observational study from Japan showed
a high 3-month rate of 21.4%; the median time from
insertion to AF detection was 31.5days.® A pos-
sible reason for this high rate was the selection of
study patients on the basis of the Clinical Guide for

Table 5. Treatment Strategies

the Diagnosis of Cryptogenic Stroke Eligible for ILR in
Japan.®® The guide recommended stricter diagnostic
criteria for eligible patients than those by the cryp-
togenic stroke/ESUS International Working Group.®
These criteria included (1) stroke detected by magnetic
resonance imaging that is not a single small-artery
lesion; (2) absence of extracranial/intracranial athero-
sclerosis causing >50% luminal stenosis in arteries
supplying the ischemic area; (3) no major-risk cardio-
embolic source of embolism; (4) no definite diagnosis
of paradoxical embolic stroke; (5) no definite diagnosis
of aortogenic embolic stroke; and (6) no other spe-
cific cause of stroke identified. To check the criteria,
magnetic resonance imaging and magnetic resonance
angiography, not computed tomography, should be
principally performed for brain imaging to delineate

Parameter All (n=197) Japanese (n=55) Non-Japanese (n=142)
No AF AF detected No AF AF detected No AF AF detected
Treatment (n=146) (n=51) (n=39) (n=16) (n=107) (n=35)
ILR monitoring time (mo) 28.1+9.4 25.3+11.4 34.8+6.2 31.4+10.2 25.7+9.2 22.6+10.9
OAC
Medication at baseline 34/145 (23.4) 12/51 (23.5) 18/39 (46.2) 5/16 (31.3) 16/106 (15.1) 7/35 (20.0)
Initiation during the study* 12/100 (12.0) 23/38 (60.5) 2/22 (9.1) 10/11 (90.9) 10/78 (12.8) 13/27 (48.1)
Discontinuation during the study* 9/27 (33.3) 2/9 (22.2) 5/17 (29.4) 1/5 (20.0) 4/10 (40.0) 1/4 (25.0)
On OAC at the last follow-up 37 (25.3) 33 (64.7) 15 (38.5) 14 (87.5) 22 (20.6) 19 (54.3)
Catheter ablation 2 (1.4) 6 (11.8) 2 (5.1)f 6 (37.5) 0 0
Electrical cardioversion 0 2(3.9) 0 1(6.3) 0 1(2.9)
Therapeutic device (Pacemaker, ICD, CRT) 4.(2.7) 6 (11.8) 2(5.1) 1(6.3) 2 (1.9 5(14.3)
ILR explanted during the study 10 (6.8) 8 (15.7) 6 (15.4) 5(31.3) 4(2.8) 3(8.6)

AF indicates atrial fibrillation; CRT, cardiac resynchronization therapy; ICD, implantable cardioverter-defibrillator; ILR, implantable loop recorder; and OAC,

oral anticoagulation.

*Change from initial to last follow-up with medication noted.
Two patients with ablations did not have adjudicated AF by the monitoring center but were diagnosed with AF on the study clinical report form.
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embolic infarct patterns and to exclude intracranial ar-
tery stenosis that is popular in Asian population.36-%7
In the present study, Japan was the only participat-
ing country from East Asia. The rate of AF detection
at 4months after ILR insertion in patients from Japan
was >3-fold higher than those from other countries.
Time from stroke onset to ILR insertion was only a me-
dian of 1.0month in the Japanese cohort, suggesting
high AF detection early after stroke.®' In addition, the
Japanese cohort very often underwent head magnetic
resonance imaging, magnetic resonance angiography,
and carotid/transcranial Doppler, probably according
to the above clinical guide. Thus, the study participants
from Japan may have more purely embolic stroke with
covert AF. This hypothesis was also discussed in the
Japanese cohort subanalysis of the RE-SPECT ESUS
(Randomized, Double-Blind Evaluation in Secondary
Stroke Prevention Comparing the Efficacy and Safety of
the Oral Thrombin Inhibitor Dabigatran Etexilate Versus
Acetylsalicylic Acid in Patients With Embolic Stroke of
Undetermined Source) trial comparing the efficacy and
safety of rivaroxaban with aspirin for the prevention of
recurrent stroke in patients with ESUS.3839 Dabigatran
was potentially associated with a lower risk of recurrent
stroke relative to aspirin in Japanese patients, while no
statistically significant difference was shown in non-
Japanese patients. In contrast, stroke of an unknown
cause due to incomplete workup seemed to be often
included in patients outside of Japan, since they often
missed essential diagnostic tests for differentiation of
cryptogenic stroke.

Incident ischemic stroke/TIA was infrequent in pa-
tients with detected AF in the present study and was
numerically less common than in those without detec-
tion, although one should note that few events could
cause statistical bias. One interpretation could be that,
once AF was detected, appropriate AF-associated
stroke prevention, including OAC, catheter ablation,
and device therapies, were commonly performed and
might have decreased the risk of stroke recurrence.
Another possible cause of the low event rate was the
short observation period. A different study with simi-
lar design but completing 3-year follow-up for all sub-
jects reported recurrent strokes in 17.6% and 12.5%
in patients with and without AF, respectively.*® Lower
rate of recurrent stroke and higher rate of OAC initia-
tion in patients receiving ILR compared with those re-
ceiving conventional cardiac rhythm monitoring have
previously been reported in a single-center study and
2 meta-analyses.”®4' One should note that >20% of
the present patients were taking OAC at baseline,
mainly because most patients were enrolled before
the publication of the results from NAVIGATE ESUS
(New Approach Rivaroxaban Inhibition of Factor Xa in a
Global Trial Versus ASA to Prevent Embolism in Embolic
Stroke of Undetermined Source) and RE-SPECT ESUS
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that did not show the superiority of direct OACs to as-
pirin for secondary prevention of ESUS.3942

The benefit of OAC in reducing stroke recurrence
in patients with AF detected after stroke by ILR is
unproven. In the recent ARTESIA (Apixaban for the
Reduction of Thrombo-Embolism in Patients with
Device-Detected Subclinical Atrial Fibrillation) and Non-
vitamin K Antagonist Oral Anticoagulants in Patients
With Atrial High Rate Episodes trials including different
cohorts with device-detected subclinical AF (mainly
patients who were stroke-naive), apixaban resulted in
a lower risk of stroke or systemic embolism than aspi-
rin, but edoxaban did not reduce the risk of composite
events, including stroke, as compared with placebo
or aspirin.*34* The combined analysis of these 2 trials
showed a consistent reduction of ischemic stroke with
direct OACs versus control (relative risk, 0.68 [95% Cl,
0.50-0.92]) and an increase in major bleeding (relative
risk, 1.62 [95% Cl, 1.05-2.5]).4°

One of the strengths of the present study was the
participation of 12 countries, which might weaken re-
gional imbalance. Another was the collection of real-
world data on the use of the ILR to monitor for AF after
cryptogenic stroke. On the other hand, limitations in-
clude, first, the postmarket nonrandomized, observa-
tional design, which is subject to selection bias. The
number of registered patients from 37 sites during
>3-year registration was unexpectedly small. The
study design might also have caused underreporting
of treatment strategies and outcomes. Second, due to
the small sample size, a comparison between groups
is likely not sufficiently powered to detect a difference;
thus, the test result may turn out to be falsely nega-
tive. In addition, some patients seemed to have stroke
of an unknown cause due to incomplete workup, not
pure cryptogenic stroke, as described above. Such
limitations might also affect the results. Third, the ILR
used was a previous iteration yielding a higher rate
of false-positive alerts.*® Newer ILRs with remote re-
programming ability and dual-stage algorithms that
use artificial intelligence to decrease false-positive
alerts without missing clinically relevant events show
higher true-positive rates.*”*® Fourth was the uneven
follow-up period between patients enrolled up to
December 2017 (18 months) and those enrolled later
(36 months), which possibly underestimated the AF
detection rates and limited the collection of treatment
strategies and outcomes in patients for a shorter pe-
riod. Fifth, the analysis of AF predictors was performed
only using components of CHA,DS,-VASc score and
country, although several other electrocardiographic,
echocardiographic, and serologic biomarkers have
been shown to be predictive of AF detection.

In conclusion, the rate of AF detection using ILR
in patients with cryptogenic stroke from a real-world
global registry was similar to other studies in stroke
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populations monitored by ILRs, including CRYSTAL-AF,
STROKE-AF and PER-DIEM.*-6 Patients with detected
AF more commonly initiated OAC than those without
AF. Changes in treatment strategies such as OAC may
have an impact on preventing stroke recurrence.
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