High Detection Rate of Atrial Fibrillation With Insertable
Cardiac Monitor Implantation in Patients With Cryptogenic
Stroke Diagnosed by Magnetic Resonance Imaging
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Background: Detection and treatment of atrial fibrillation (AF) is a major goal in pre-
venting secondary stroke. Insertable cardiac monitors (ICMs) are available for diag-
nosis of arrhythmia monitoring in patients with cryptogenic stroke. Magnetic
resonance imaging (MRI)-based diagnostic evaluation for acute ischemic stroke sub-
type classification is common in Japan and can be useful for specific diagnosis of
cryptogenic stroke. Purpose: We aimed to investigate the detection rate of AF with an
ICM in patients with cryptogenic stroke who were diagnosed by MRI. Methods: We
performed a retrospective, multicenter, observational study. AF monitoring data of
an ICM (Reveal LINQ) in patients with cryptogenic stroke were registered from 5
stroke centers in Japan between October 2016 and March 2018. ICM candidates in
cryptogenic stroke were diagnosed by MRI-based evaluation and selected according
to the criteria proposed by the Japan Stroke Society. Detection of AF was defined as
AF for longer than 120 seconds. Results: Eighty-four consecutive patients (64 men;
aged 38-90 years) underwent ICM implantation after diagnosis of cryptogenic stroke.
AF was detected in 22 of 84 (26.2%) patients with an ICM during a median follow-up
of 221.5 days (range: 93-365 days). The detection rate of AF within 3 months after
ICM implantation was 21.4%. Conclusions: The AF detection rate with an ICM is
approximately one fifth within 3 months in patients with cryptogenic stroke as diag-
nosed by MRI. Our data suggest that the Japanese criteria based on MRI may be use-
ful for selecting adequate candidates for ICM implantation.
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Introduction neurological outcome than patients with stroke without
Ischemic stroke associated with atrial fibrillation (AF) is AF." Recently, insertable cardiac monitors (ICMs) have
nearly twice as likely to be fatal as non-AF stroke. Further- become commercially available. Implantation of an ICM
more, patients with stroke and AF have a poorer is a simple and minimally invasive procedure. There have

Abbreviations: (AF), atrial fibrillation; (CT), computed tomography; (DWI), diffusion-weighted imaging; (DOAC), direct oral anticoagulant;
(ECG), electrocardiogram; (ESUS), embolic stroke of undetermined source; (ICM), insertable cardiac monitor; (IQR), interquartile range; (LA), left
atrium; (MRI), magnetic resonance imaging
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been few reports of real-world data of an ICM for detect-
ing AF in patients with cryptogenic stroke by MRI-based
diagnostic evaluation.

Cryptogenic mechanisms account for 10%-40% of ische-
mic strokes.” The cause of stroke remains unidentified by
routine diagnostic testing in approximately 40% of
patients. Cryptogenic stroke generally refers to ischemic
stroke of undetermined etiology. Cryptogenic stroke also
refers to a nonlacunar infarction occurring in the absence
of a specific identifiable high-risk source of cardioembolic
sources or large-vessel stenosis. However, most crypto-
genic mechanisms can be ascribed to embolic mecha-
nisms. Embolic stroke of undetermined source (ESUS)
was proposed for unifying embolic stroke of undeter-
mined sources by Hart et al in 2014.”* The causes of cryp-
togenic ischemic strokes are minor-risk potential
thromboembolic sources, such as minor-risk potential car-
dioembolic sources, conversion of paroxysmal AF, cancer-
associated causes, arteriogenic emboli, and paradoxical
embolism. AF is one of the most frequent causes of ESUS.
Advances in ICMs and electrocardiographic (ECG) moni-
toring techniques are used to determine the causes of
cryptogenic strokes. These techniques can detect abnor-
mal heart rhythms between 1 week and 3 years. The
Reveal LINQ is a novel miniaturized ICM with improved
algorithms. In a previous randomized, controlled trial, the
AF detection ratio was approximately 10% and 30% per
1 year and 3 years, respectively.’

There are differences in criteria for diagnosis and pro-
posed diagnostic assessment for ESUS between Japan and
Western countries.”® The definition of cryptogenic ische-
mic stroke is important for comparison and discussion in
clinical research. However, the definition of cryptogenic
stroke is not standardized. To discuss the detection rate of
the causes of cryptogenic stroke, the extent of diagnostic
criteria and evaluation need to be taken into account. The
definition of ESUS is a distinct and a therapeutically rele-
vant entity compared with cryptogenic stroke. In Japan,
magnetic resonance imaging (MRI) is widely used in diag-
nosis of ischemic strokes and recommended for diagnosis
of ICM candidates in cryptogenic stroke. A complex defi-
nition of cryptogenic stroke in Japan is ruling out lacunar
infarction by diffusion-weighted imaging (DWI) com-
pared with a simple definition of ESUS by computed
tomography (CT) or MRI (mainly CT). Ruling out of
small-vessel disease is not easy when only using CT
images. Additionally, to rule out AF, the duration of car-
diac monitoring varies among research protocols.” Car-
diac monitoring for 24 hours or longer with automated
rhythm detection is strongly recommended in Japan. A
longer duration of ECG monitoring after ischemic stroke
is useful for detecting previously unrecognized AF. Fur-
ther, to rule out paradoxical embolism and aortogenic
embolism, transesophageal echocardiography, and
venous duplex ultrasonography are recommended in
Japan. Therefore, the Japanese proposal for -clinical
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indications of ICMs is strict compared with that in the US
or Europe.

The detection rate of AF with an ICM in patients with
cryptogenic stroke who are diagnosed by MRI-based eval-
uation has not been investigated. Previous studies have
reported that there is a high incidence of previously
unrecognized AF in patients at high risk for AF.” How-
ever, AF risk stratification has not been established.® "
Risk factors of AF were present in some reports, but addi-
tional research is required. MRI-based selection of ICM
candidates might enhance the rate of AF detection. There-
fore, this study aimed to investigate the incidence of AF
using an ICM in patients with cryptogenic stroke by MRI-
based diagnostic evaluation.

Methods

We conducted a retrospective, multicenter, observa-
tional registry study of consecutive ICM implantation for
cryptogenic stroke in 5 stroke centers in Japan. Inclusion
criteria in this study were patients (1) who had crypto-
genic stroke, (2) who had Reveal LINQ implantation from
October 2016 to March 2018, and (3) who were followed
up for longer than 3 months. Patients were eligible for
enrollment if they were 20 years or older, did not have
known AF, and had an ischemic stroke of undetermined
cause (according to Trial of Org 10172 in Acute Stroke
Treatment [TOAST] criteria) diagnosed by a vascular neu-
rologist. Moreover, MRI-based diagnostic evaluation for
acute ischemic stroke subtype classification was recom-
mended according to Japanese standard workup, includ-
ing 12-lead ECG, ambulatory ECG monitoring using a
monitor for at least 24 hours, and echocardiography. We
applied the proposed diagnostic criteria in Japan by a
detailed examination, including head MRL° Patients were
excluded if the most likely etiological diagnosis had
already been determined (large-vessel or small-vessel dis-
ease or other known cause). We retrospectively identified
consecutive patients who were hospitalized for acute
ischemic stroke who met the ESUS diagnostic criteria. The
patients” demographic information included age and sex.
Baseline and diagnostic work-up findings were investi-
gated.

Japanese Proposal for Clinical Indications

According to the Japanese diagnostic criteria, all of the
patients were evaluated by MRI, by transthoracic echocar-
diography, cardiac monitoring for 24 hours or longer with
automated rhythm detection, and any angiography of
carotid /intracranial arteries.” Additionally, transesopha-
geal echocardiography, CT aortography, an ultrasonic
examination for right-to-left shunt, and venous duplex
ultrasonography were performed in most of the study
patients. Further, 7-day cardiac monitoring was per-
formed in all patients in this study.



HIGH AF DETECTION RATE USING ICM

Monitoring Strategies

ICMs (Reveal LINQ; Medtronic, Minneapolis, MN)
were implanted under local anesthesia in the left paraster-
nal position where sufficient R-wave detection was
obtained without detection of myopotentials. All devices
were programmed to detect AF with the company’s
unique AF detection algorithm. These algorithms operate
through continuous assessment of the regularity of RR
intervals within a 2-minute time window to recognize AF.
The AF detection algorithm of the Reveal LINQ also incor-
porates p-wave information. Monitoring type, duration,
and all results were recorded. The ICM that was used
automatically detects and records AF, irrespective of heart
rate or symptoms. Patients were additionally provided a
hand-held tool (“Patient Assistant”), which could be acti-
vated by the patient to instantaneously assess when the
patient felt pain or discomfort in the chest. The Medtronic
CareLink Network was used to remotely transmit the
device data. If patients reported an episode of AF since
the previous visit, information was collected and source
documentation was acquired for adjudication.

Statistical Analysis

We analyzed the proportion of patients with AF detected
by means of the study monitors among those who under-
went any monitoring. Differences between the presence of
AF and absence of AF were compared using Fisher’s exact
test for categorical variables and the Mann—Whitney U
test for numerical variables. A P value of less than .05 was
considered significant. Statistical analyses were performed
with the Statistical Package for Social Science (SPSS Inc.,
version 17.0 for Windows, Chicago, IL).

Results

During the study period, 3348 patients with acute ische-
mic stroke were admitted in the participating stroke
centers. On the basis of Japanese criteria, 626 patients
were diagnosed with cryptogenic stroke. Among them, 84
consecutive patients (64 men; aged 38-90 years) under-
went ICM implantation. All patients were followed for
longer than 3 months. No patients were lost to follow-up
or died. Baseline characteristics of the patients are shown
in Table 1. The median age was 70 years and 23.8% of the
patients were women. AF that lasted 120 seconds or lon-
ger was detected in 22 of 84 (26.2%) patients with ICM

Table 1. Clinical and radiological variables of the 84 patients

Age [years], median (IQR)

Sex, male, no. (%) 64 (76.2%)

CHADS?2 score, median (IQR) 3(3-4)

Onset to implantation [days], median  20.5 (14.0-37.75)
(IQR)

Follow up [days], median (IQR)

Abbreviation: IQR, interquartile range.

70.0 (63.25-76.0)

221.5(161.25-341.0)
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Figure 1. Kaplan—Meier curve showing the time to first detection of AF by
an ICM in patients with cryptogenic stroke who were diagnosed by MRIL
Abbreviation: AF, atrial fibrillation; ICM, insertable cardiac monitors; MRI,
magnetic resonance imaging.

implantation during a median follow-up period of
221.5 days (range: 93-365 days). Complete atrioventricular
block was detected in 1 patient. The rate of detecting AF at
3 months was 21.4% (Fig 1). The median time from
implantation to detection of AF was 31.5 days (range:
1-318 days). AF was asymptomatic in all 21 first episodes
and only 1 patient presented with complaints of palpita-
tion. A total of 84 patients consecutively underwent ICM
implantation without any short-term or long-term compli-
cations. The patients’ characteristics according to AF
detection are shown in Table 2. There were no significant
differences in clinical characteristics and the follow-up
period between patients with and without AF detection.

Discussion

Our study showed that the detection rate of AF was
more than one fifth within 3 months after implantation of
an ICM in patients with cryptogenic stroke. These patients
were selected by the Japanese proposal for clinical indica-
tions of an ICM using MRL

Ischemic stroke is one of the most common causes of
morbidity and mortality worldwide.!' AF is one of the
most frequent causes of ischemic stroke and the most
common arrhythmia affecting older patients.'” The preva-
lence of AF is less than 1% in the general population, but
it is approximately 2%-3% in people aged 80 years or
older in ]apan.l3 AF increases the risk and severity of
stroke, and is associated with substantial morbidity and
rnortality.14 AF is associated with a 3- to 5-fold increased
risk of ischemic stroke.'” Moreover, previous studies have
reported that AF is associated with cognitive decline.'®
Early detection of AF is important to define proper medi-
cal treatment. In the Fushimi AF Registry, which is a com-
munity-based survey of patients with AF in Japan, the
mean age of enrolled patients was 74.2 &+ 11.0 years and
2323 (37.8%) patients were aged 75 years or older."”
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Table 2. Comparison of patients with and without AF

Patients without AF (N = 62) Patients with AF (N =22) P value
Age [years], median (IQR) 70.0 (59.25-77.5) 70.0 (63.25-76.0) .859
Sex, male, no [%] 46 [74.2%] 18 [81.8%] 572
CHADS?2 score, median (IQR) 3(3-4) 3(3-4) .864
Onset to implantation [days], median (IQR) 21.5 (14.0-40.75) 20.0 (14.0-29.75) .654
Follow up [days], median (IQR) 205 (162.75-356.57) 255.5 (153.0-333.75) 907

Abbreviations: AF, atrial fibrillation; IQR, interquartile range.

Differences between absence of AF and presence of AF were compared using Fisher’s exact test for categorical variables and the

Mann—Whitney U test for numerical variables.

Patients aged 75 or older generally had higher CHADS2
scores. The AF detection rate in our study was higher
compared with that in the CRYSTAL AF trial,® in which
AF was detected in 10% of all patients after 12 months. In
the CRYSTAL AF trial, AF detection rates were 8.9% at 6
months, 12.4% at 12 months, and 30% at 3 years.8 A previ-
ous report showed that the AF detection ratio was high
compared with the CRYSTAL AF trial. Seventy-five
patients with cryptogenic stroke or transient ischemic
attack were consecutively enrolled if at least one of the fol-
lowing AF risk factors was present: a CHA2DS2-VASc
score greater than equal to 4, atrial runs, left atrial (LA)
size more than 45 mm, left atrial appendage flow greater
than 0.2 m/s, or spontaneous echo contrast in the LA
appendage. Seventy-four patients underwent implanta-
tion of an ICM. After 6 months, AF was detected in 21 of
75 (28%) patients, and after 12 months it was detected in
25 of 75 (33.3%) patients. A total of 92% of AF episodes
were asymptomatic. The detection rate of AF is approxi-
mately one third after 1 year if candidates for an ICM after
cryptogenic stroke or transient ischemic attack are
selected by AF risk factors. LA dilation and atrial runs
independently predict AF.'® In the REVEAL AF study,
patients with a CHADS?2 score of 3 or greater (or 2 with at
least 1 additional risk factor) were enrolled.” Approxi-
mately 90% had nonspecific symptoms that were poten-
tially compatible with AF, such as fatigue, dyspnea, and/
or palpitations. The incidence of previously undiagnosed
AF may be substantial in patients with risk factors for AF
and stroke.” According to the REVEAL AF study, AF
detection rates at 30 days and 6, 12, 24, and 30 months
were 6.2%, 20.4%, 27.1%, 33.6%, and 40.0%, respectively.
In our study, the AF detection rate was 21% at 3 months,
which is similar to that at 2 years in the CRYSTAL AF
trial.” It is not necessary to make a deep study of the most
of potential thromboembolic sources according to the
Cryptogenic Stroke/ESUS International Working Group.’
We performed ICM (Reveal LINQ) implantation for
patients who met the Japanese proposal for choosing can-
didates for ICMs. To rule out other embolic sources, the
Japanese proposal for ICM implantation recommends
performing transesophageal echocardiography, an ultra-
sonic examination for right-to-left shunt (transesophageal

or transcranial), and venous duplex ultrasonography. Gen-
erally, DWI detects ischemic lesions significantly more fre-
quently than does CT in the acute stroke setting. A
magnetic resonance study with combined DWI and mag-
netic resonance angiography can provide accurate informa-
tion. Routine examinations, including DWI, to rule out
occlusion of small penetrating arteries are important and
required for accurate diagnosis of ESUS. The Japanese pro-
posal for clinical indications for ICM implantation, includ-
ing MRI-based diagnosis, might have contributed to the
high AF detection rate in cryptogenic patients.

The cost-effectiveness of an ICM for AF fibrillation in
patients with cryptogenic stroke was reported in a previ-
ous study.'” With long-term continuous monitoring with
an ICM, preventing recurrent stroke in patients with cryp-
togenic stroke is expected to enable cost-effectiveness. In
this previous study, ICM monitoring resulted in cost sav-
ings by reducing recurrent arrhythmias and in quality-
adjusted life years gains.'” ICM-based screening for AF
was beneficial for economic reasons. ICM is a cost-
effective diagnostic tool for the prevention of recurrent
stroke in patients with cryptogenic stroke. ICM implanta-
tion was more cost-effectiveness than usual care regarding
the potential clinical benefit and cost-utility.

ESUS is a therapeutically relevant entity. Some random-
ized, controlled trials have investigated aspirin versus
direct oral anticoagulants (DOACs). Recently, superiority
of DOACs was not demonstrated in NAVIGATE ESUS or
RE-SPECT ESUS.”?! Therefore, DOACs are not superior
to antiplatelet drugs, such as aspirin, in secondary preven-
tion of stroke. Another randomized, controlled trial on
DOAG:s, called the ATTICUS trial for secondary preven-
tion of ESUS, is currently ongoing.22 In patients with
ESUS, recommendation of medical treatment has not been
established and developed. If AF is detected in patients
with ESUS, anticoagulation therapy is recommended.
Therefore, identifying the occurrence of AF conversion
after cryptogenic ischemic stroke is important. Patients
who are appropriate for use of antithrombotic treatment
should be selected on the basis of a detailed examination,
including head MR, in accordance with the current situa-
tion of medical practice. The ATTICUS randomized trial
was designed to determine whether administration of the
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factor Xa inhibitor apixaban within 7 days after ESUS is
superior to acetylsalicylic acid for preventing new ische-
mic lesions as documented by brain MRI within 12 months
after stroke.”” The trial design was a prospective, random-
ized, blinded, parallel-group, open-label, German, multi-
center phase III trial of approximately 500 patients with
ESUS. A key inclusion criterion was the presence or
planned implantation of an ICM. Therefore, indication of
ICM implantation is important for daily medical practice.

There are some limitations in our research. First, our
study involved a relatively small number of patients. Sec-
ond, our study suffered from the limitations of a retro-
spective audit of patients. Finally, the follow-up was not
long. Because of the small number of cases in the present
study, a larger number of cases will be required to confirm
our results.

Conlcusions

The AF detection rate with an ICM is approximately
one fifth after 3 months in patients with cryptogenic
stroke diagnosed by MRI. Our data suggest that the Japa-
nese criteria based on MRI may be useful for selecting
adequate candidates for ICM implantation.
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