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Abstract

Atrial fibrillation (AF) leads to a high risk of recurrent stroke, and the insertable cardiac monitor (ICM), as a new kind of
electrocardiographic monitoring device, has been proven to enhance the recognition rate of AF. The aim of this systematic
review was to evaluate the efficacy and safety of the ICM use in AF detection of patients with stroke. We pooled 1233
patients from three randomized controlled trials (RCTs). The detection rate of AF was superior in the ICM group to that in
the control group at 6 months (risk ratio [RR], 4.63; P <0.0001; 95% confidence interval [CI], 2.17-9.90) and 12 months
(RR, 5.04; P<0.00001; 95% CI, 2.93 to 8.68). Patients in the ICM group had a higher rate of oral anticoagulant usage
(RR, 2.76; P<0.00001; 95% CI, 1.89-4.02). However, there was no difference in the time to first detection of AF within
12 months (mean difference, —8.28; P=0.82; 95% CI, —77.84-61.28) or the rate of recurrent ischemic stroke or transient
ischemic attack (RR, 0.88; P=0.51; 95% CI, 0.60-1.28) between the ICM and control groups. In addition, the ICM group
experienced more adverse events than the control group within 12 months (RR, 4.42; P=0.002; 95% CI, 1.69-11.55). To
conclude, the sensitivity of ICM is superior to that of conventional external cardiac monitoring. Reducing adverse reactions
will be a new development direction of ICM.
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Introduction

Globally, stroke remains the second-leading cause of death,
as well as the third-leading cause of death and disability
combined [1]. According to the Global Burden of Diseases,
Injuries, and Risk Factors Study (GBD), there were 12.2
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constituted 62.4% of all new strokes [1]. Due to the high
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homes, stroke has resulted in a major burden on the patient’s
family and society alike.
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stroke in patients is crucial when making the decision of
whether to initiate anticoagulant therapy in clinical practice
for secondary prevention [6]. There are several AF monitor-
ing strategies, and these include included insertable cardiac
monitors (ICMs) [7, 8] and other conventional external car-
diac monitors, such as serial electrocardiography (ECG) [9],
monitoring with external loop recorders [10, 11], and Holter
monitoring [12]. The detection rates of these strategies range
from O to 25%.

As a subcutaneous device, an ICM can record the heart
rhythm over a period of up to 3 years for patients with par-
oxysmal AF (PAF) [13]. Unlike traditional operations, due to
their small device sizes and simplified procedures, implant-
ing the latest ICMs is considered minimally invasive and
can be performed even in an outpatient setting, which vastly
contributes to the conservation of medical resources, and
reduces costs [14]. Meanwhile, their use has been shown
to correlate with fewer surgical complications and higher
sensing performance [15]. In addition, with the application
of remote monitoring technology to make follow-up more
convenient, such has been proven to save hospital resources,
require less time, and reduce accidental and emergency visits
[16]. However, due to the inconsistencies in the endpoints,
eligibility criteria, and monitoring duration of diverse stud-
ies, it is difficult to conduct clinical translation and evaluate
whether ICM is better than conventional external cardiac
monitors.

Currently, there are few systematic analyses of ICMs for
AF detection in patients with ischemic stroke. In addition,
more evidence of a sufficient quality is needed for clini-
cians to support clinical decision-making for patients with
ischemic stroke. Therefore, we pooled data from previous
randomized controlled trials (RCTs) and conducted a sys-
tematic review and meta-analysis to investigate the efficacy
and safety of ICMs for AF detection in ischemic stroke
patients.

Methods
Study protocol

Before the project started, we drafted a research protocol
following the Cochrane Collaboration format [17] and the
protocol was registered on the INPLASY website (Register
number INPLASY?2021100108).

Eligibility criteria

We set the inclusion criteria as follows: (1) study type:
RCT; (2) language restriction: published in English; (3)
participants: adult patients who had received a diagnosis
of ischemic stroke or transient ischemic attack (TIA); (4)

intervention: ICM and conventional external cardiac moni-
toring; (5) outcomes: efficacy outcomes including patients
detection of AF at 6 months, patients detection of AF at
12 months, time to the detection of AF, recurrent ischemic
stroke or TTIA and use of oral anticoagulants; safety out-
comes including adverse events (AEs). Included RCTs were
not requested to supply all the outcomes mentioned above.

We set the exclusion criteria as follows: study type: ret-
rospective studies, cohort studies, case reviews and case
reports.

Search strategy

Two independent investigators (XT and XW) systematically
searched MEDLINE, EMBASE, the Cochrane Central Reg-
ister of Controlled Trials (CENTRAL), and ClinicalTrials.
gov to identify relevant studies published until July 31, 2021.
The following search strategy was employed: (insertable car-
diac monitor [Title/Abstract]) AND (stroke [Title/Abstract])
for MEDLINE; “insertable cardiac monitor”/exp AND
“stroke”’/exp for EMBASE; “insertable cardiac monitor”
in Title Abstract Keyword AND “stroke” in Title Abstract
Keyword for CENTRAL; and “insertable cardiac monitor
| stroke” for ClinicalTrials.gov. In addition, the reference
lists of RCTs, relevant systematic reviews and meta-analyses
were also screened independently and manually to ensure a
more comprehensive search.

Study selection and data collection

According to the eligibility criteria mentioned above, two
authors (XT and ZLW) independently evaluated all records
retrieved from the four databases and the reference lists of
RCTs and relevant systematic reviews or meta-analyses. Any
duplicates and research articles only available as abstracts
were excluded. A third author (JZ), who did not participate
in the process of data collection, made final decisions con-
cerning disputed data when disagreements emerged among
the two authors. The selection process was summarized
in Fig. 1. After selection and evaluation, all data from the
included RCTs were extracted as follows: basic information
and outcome events included for each RCT (Table 1), inclu-
sion and exclusion criteria, and study design; all efficacy and
safety outcomes were showed in the online supplementary
materials (Table S1).

Risk of bias

The risk of bias plot was evaluated using the Review Man-
ager version 5.3 software program (Cochrane, London, Eng-
land). The uniform criteria of the Cochrane Collaboration
were used to assess the risk of bias for RCTs, including that
of: selection bias, performance bias, detection bias, attrition
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Fig. 1 Study search, selection, )
and inclusion process
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(meta-analysis)
(n=3)
Table 1 Characteristics of the Included Studies and Outcome Events
Study Countries Centers Publications  Treatment Age range Male (%) Mean Study period Outcome
group, (No. age + standard Events
of partici- deviation (year)
pants)
Sana et al. Europe, 55 New England ICM (221) > 40y ICM: 64.3 ICM: 12 months a,b,c,d, e, f
[18] Canada, Journal of vs. Control Control: 62.7 61.6+11.4
and the Medicine (220) Control:
United 614+11.3
States
Bernstein US 33 JAMA ICM (242) > 50y ICM: 60.0 ICM: 66.6+9.3 12 months a,b,c,d e, f
etal. [19] vs. Control Control: 64.4 Control:
(250) 67.5+9.5
Buck et al. Canada 2 JAMA ICM (150) > 18y ICM: 50.3 ICM: 12 months a,b,d,e, f
[20] vs. Control Control: 60.0  65.64+11.38
(150) Control:

63.89+14.07

ICM Insertable Cardiac Monitor; a: patients detection of atrial fibrillation at 6 months; b: patients detection of atrial fibrillation at 12 months; c:
the time to detection of atrial fibrillation; d: recurrent ischemic stroke or TIA; e: use of oral anticoagulants; f: adverse Events (AEs)
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bias, reporting bias, and other potential biases. Each bias
criterion was classified as “low”, “high”, or “unclear”.

Summary measures and synthesis of results

The Review Manager version 5.3 software program was used
to assess the data. For the dichotomous outcomes, the risk
ratio (relative risk [RR]) with the 95% confidence interval
(CI) was analyzed and calculated with a random-effects
model. The mean difference (MD) was used only for the
continuous outcome “time to the detection of AF”. Hetero-
geneity was estimated via the /? statistic, where a value of
less than 30% suggested “low heterogeneity”; that between
30 and 50% means “moderate heterogeneity”, and that of
greater than 50% denotes “substantial heterogeneity”. Sen-
sitivity analysis was used to explore the stability of the con-
solidated results. For all the analyses, two tailed tests were
performed, and a P value of less than 0.05 was considered
to be statistically significant.

Results
Search results and study characteristics

MEDLINE, EMBASE, CENTRAL and ClinicalTrials.gov
provided 8209 titles and abstracts for review. Of these, a total
of 710 articles were excluded due to duplication and irrele-
vance and 119 full articles were further assessed for eligibil-
ity; subsequently, 116 articles, including 28 non-randomized
clinical trials, seven case reports, five meta-analyses, and 76
reviews. Eventually, three RCTs [18-20] containing 1233
patients (613 in the ICM group and 620 placebo group) were
selected for qualitative synthesis (Fig. 1). The main charac-
teristics of the included three studies were listed in Table 1.

Efficacy outcome

In this meta-analysis, efficacy outcomes including patients
detection of AF at 6 months, patients detection of AF
at 12 months, the time to first detection of AF within
12 months, recurrent ischemic stroke or TIA, and use of oral
anticoagulants, were investigated. The ICM group showed
a significantly higher detection rate of AF than the control
group at both 6 months (RR, 4.63; P <0.0001; 95% ClI,
2.17-9.90; Fig. 2A) and 12 months (RR, 5.04; P <0.00001;
95% CI, 2.93-8.68; Fig. 2B). However, as shown in Fig. 2C,
there was no difference in the time to first detection of AF
within 12 months between ICM group and control group
(MD, —8.28; P=0.82; 95% CI, —77.84-61.28). One RCT
was excluded in Fig. 2C due to offering insufficient data
of the time to first detection of AF within 12 months [20].

The control group demonstrated a higher rate of recurrent
ischemic stroke or TIA than the ICM group over 12 months,
though no significant difference was found (RR, 0.88; P=0.
51;95% CI, 0.60-1.28; Fig. 2D). A significant difference
was also found in the rate of use of oral anticoagulants
between the two groups after the detection of AF (RR, 2.76;
P <0.00001; 95% CI, 1.89-4.02; Fig. 2E).

Safety outcome

As for the safety outcome, patients in the ICM group expe-
rienced more AEs, such as infection, pain, irritation or
inflammation and hemorrhage at the insertion site, than the
control group within 12 months (RR, 4.42; P=0.002; 95%
CI, 1.69-11.55; Fig. 3).

Risk of bias in included studies

The details of risk of bias for the three RCTs were exhibited
in Fig. 4. All included clinical trials had a low risk of bias in
random sequence generation, allocation concealment, blind-
ing of outcome assessment, incomplete outcome data and
selective reporting. Blinding of participants and personnel
was high in all three included studies as insertion of ICM
was an invasive operation. Except for the above-mentioned
items, no unclear or high risk of bias in other items was
discovered.

Discussion

In general, the results of the present study were based on
three RCTs, which included stroke patients with no evidence
of AF randomly assigned to ICM implantation or conven-
tional follow-up (control). The results of our meta-analysis
presented that, compared to the control group, the ICM
group presented significant higher detection rate of AF at
both 6 months and 12 months. Furthermore, it indicated that
the sensitivity of ICMs was superior to that of conventional
external cardiac monitoring. Correspondingly, compared to
the control group, a higher rate of oral anticoagulant use
after AF was found in the ICM group. However, there was
no difference between the ICM and control groups in the
time to AF first detection within 12 months. Meanwhile, the
ICM group did not exhibit a statistically significant decrease
in the rate of recurrent ischemic stroke or TIA relative to the
control group during the 12 months.

As a major independent risk factor of stroke, AF is also
a leading preventable cause of recurrent stroke [21]. About
20% to 30% of patients with stroke are diagnosed with AF
in various periods before and after the event [22]. Previ-
ous studies have reported that patients with AF have a 4.8-
fold higher risk of stroke onset [23] and experience poorer
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A Patients detection of atrial fibrillation at 6 months

ICM Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
2014 Sanna 19 22 3220 309% 6.30[1.89, 21.00] — &
2021 Bernstein 18 242 2 250 229% 9.30[2.18, 39.64] -
2021 Buck 16 150 6 150 46.2% 267 [1.07,6.63) ——
Total (95% CI) 613 620 100.0% 4.63 [2.17, 9.90] S
Total events a3 11
Heterogeneity: Tau®= 0.11; Chi*= 2.61, df= 2 (P = 0.27); F= 24% =D 02 011 1’0 sul

Test for averall effect: Z=3.95 (P < 0.0001) Favours [ICM] Favours [contral]

B Patients detection of atrial fibrillation at 12 months

ICM Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
2014 Sanna 29 21 4 220 28.9% 8.16[2.82, 23.62] —
2021 Bernstein 27 242 4 250 28.8% T.T2[2.66,22.47] —
2021 Buck 23 150 7150 423% 3T70[1.54, 8.91] ——
Total (95% CI) 613 620 100.0% 5.75[3.24, 10.18] <D
Total events 74 15 .

Heterogeneity: Tau®=0.00; Chi*=1.70,df=2 (P =043}, F= 0%

Test for overall effect: £= 598 (P = 0.00001) (0280 ! 10 50

Favours [ICM] Favours [contral]
C The time to detection of atrial fibrillation

ICM Control Mean Difference Mean Difference
Study or Subgroup  Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
2014 Sanna 122 183 21 94 1444 220 489% 28.00 [[2.76, 58.76]
2021 Bernstein 123 1474 242 166 1074 250 A51.1% -43.00[65.85 -20145] ——
Total (95% CI) 463 470 100.0% -B.28[-77.84, 61.28]

00 -50 0 50 100
Favours [ICM] Favours [control]

Heterogeneity Tau®= 2329.38; Chi®=13.19, df=1 (P = 0.0003); F=92%
Testfor overall effect: Z=0.23 (P=0.82)

D Recurrent ischemic stroke or TIA

ICM Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H. Random, 95% CI
2014 Banna 15 221 19 220 34.0% 0.79[0.41,1.51] — &
2021 Bernstein 20 242 24 250 4449% 0.86[0.49,1.52] ——
2021 Buck 11 150 10 150 211% 1.101[0.48, 2.51] B
Total (95% CI) 613 G620 100.0% 0.88 [0.60, 1.28] o
Total events 46 a3
Heterogeneity: Tau®= 0.00; Chi*= 0.40, df= 2 (P = 0.82%; F= 0% = l !

02 05 1 2 5

Test for overall effect: Z=0.67 (P =0.81) Favours [ICM] Favours [control]

E Use of oral anticoagulants

ICM Control Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
2014 Sanna 3z 2 13 220 37.3% 2.451[1.32, 4.54] — &
2021 Bernstein s 242 14 250 41.3% 2.80[1.56,5.04] ——
2021 Buck 23 150 7150 21.4% 3.28[1.45 743 —
Total (95% CI) 613 620 100.0% 2.76[1.89, 4.02] -
Total events 93 34

it = — . = - —_ —_ R - ! } } 1 1 1
Heterogeneity: Tau®=0.00; Chi*=0.32, df= 2 (P =0.85), F= 0% '0_1 DTZ DTS é é 1E|'

Test for overall effect: Z=5.28 (P < 0.00001) Favours ICM] Favours [contral]

Fig.2 Meta-analysis of efficacy: A. Patients detection of atrial fibrillation at 6 months. B. Patients detection of atrial fibrillation at 12 months. C.
Time to detection of atrial fibrillation. D. Recurrent ischemic stroke or transient ischemic attack. E. Use of oral anticoagulants

clinical outcomes than those without AF [4]. Currently, attributable to clinically silent AF [22, 25]. In 2018, Katz
the etiology of 20% to 40% of acute stroke patients is still et al. conducted a cohort study, which indicated that PAF
unclear [24]. As it has been proved, in many patients diag-  was detectable in 11.8% of non-CIS patients [26]. Further-
nosed with cryptogenic ischemic stroke (CIS), the cause is ~ more, the choice of anticoagulation therapy is different for
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Fig.3 Meta-analysis of safety: IcM Control Risk Ratio Risk Ratio

adverse events Study or Subgrou Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
2014 Sanna 5 221 0 220 11.1% 10.95(0.61,196.85] -
2021 Bernstein 4 242 0 250 10.9% 9.30[0.50,171.75) "
2021 Buck 14 150 4 150 781% 3.50[1.18,10.39) ——
Total (95% Cl) 613 620 100.0% 4.42[1.69, 11.55] ‘
Total events 23 4

Heterogeneity: Tau®= 0.00; Chi*= 0.84, df= 2 (P = 0.66); F= 0%

Test for overall effect: Z= 3.03 (P = 0.002)

[l
=
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® | ® | @ | selective reporting (reporting bias)
® | ® | ® | otherbias
| .Luwnsk of hias I:‘Unclearnsk of hias -High risk of hias |

Fig.4 Risk of bias: a summary table for each risk of bias item for
each study

stroke patients with or without AF [27]. Therefore, early
detection and diagnosis of AF are significant for patients
after stroke in clinical practice.

As AF episodes may be symptomatic, asymptomatic or
both, and the correlation between AF and symptoms is poor,
it is often misdiagnosed and may not be detected by tradi-
tional monitoring techniques [28, 29]. Many new monitoring
techniques have been developed in recent years. In 1997,
ICMs were first introduced to detect cardiac arrhythmias in
patients with undocumented palpitations and undetermined
syncope [13]. With continuous updates to technology, the
size of ICM devices has gradually decreased. Since 2014,
a miniaturized device, Reveal LINQ™ (Medtronic, Min-
neapolis, MN, USA), has drawn attention. This device is
inserted into the subcutaneous tissue over the heart using a
specially developed insertion tool kit, which leads to fewer
surgical complications and higher sensing performance
[15]. Although there are a variety of monitoring methods
to choose from, the best method for monitoring AF after a
stroke is still a controversial issue.

Our analysis presented that there was no difference
between the ICM and control groups in the time to first
detection of AF within 12 months. This result may be due
to the requirements of the automatic detection algorithm

0.02 01 10 50
Favours [ICM] Favours [control]

duration; in the ICM group, AF was detected when the epi-
sode persisted for at least 2 min, rather than 30 s, while in the
control group this restriction did not exist, which interfered
with the time to first detection of AF. In addition, our analy-
sis also showed that there was no difference between the two
groups on the rate of recurrent ischemic stroke or TIA over
12 months. At present, the minimum burden of AF to initi-
ate anticoagulation is not yet clear [30], which may interfere
with the timing of anticoagulation initiation and the propor-
tion of anticoagulant treatment coverage in the two groups.
Finally, it may affect the comparison of the recurrence rate
of stroke or TIA between the two groups. Moreover, previ-
ous studies have shown that the risk of stroke is tied to a
synergism between the severity of associated comorbidities
and AF duration. A subanalysis of data from the ASympto-
matic atrial fibrillation and Stroke Evaluation in pacemaker
patients and the atrial fibrillation Reduction atrial pacing
Trial (ASSERT) indicated that a 24-h duration of subclini-
cal AF may be significant enough to increase the stroke risk
[31]. The definition of AF in the RCTs we included ranged
from 30 s to 2 min, i.e., they remained short. Therefore,
although the ICM group had a higher rate of AF detection,
the duration of AF detected by conventional follow-up was
mostly longer, which may explain the small difference in the
stroke recurrence rate between the ICM and control groups,
though no significant difference was detected.

In addition, compared to the control group, the placement
of an ICM statistically increases the risk of AEs, such as
infection, pain, inflammation, and hemorrhage. In 2017, a
relevant clinical trial showed that whether implantation was
performed in a traditional electrophysiology laboratory or in
an outpatient clinic, the incidence of complications follow-
ing ICM implantation is very low [32]. The Reveal LINQ™
used in the trial mentioned above is the smallest ICM avail-
able at present, and the ICMs involved in our analysis were
not all the latest generation equipment. We believe that, with
further improvements to the technology, the adverse reac-
tions of ICMs will be even more reduced. To our knowledge,
this study is the most comprehensive systematic analysis of
the ICM in patients with ischemic stroke to date.

However, several limitations of the present meta-analysis
should not be ignored. First, our analysis was performed
based on limited data. Despite an extensive search, only
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three published RCTs were pooled to test the efficacy and
safety of ICMs. Second, in the analysis of the first time of
AF detection, a high level of heterogeneity (92%) was found.
This may be partly because we were unable to extract data
from one RCT. However, our sensitivity analysis finally
demonstrated that all the statistics were robust (Fig. S1).
Certainly, we will continue to focus on large-scale and high-
quality studies in the future.

Conclusion

In conclusion, the present study indicated that ICM implan-
tation in patients after ischemic stroke is superior to the con-
ventional follow-up in the detection of AF. The ICM group is
prone to experiencing more AEs due to the invasive opera-
tion. From a comprehensive point of view, ICMs consti-
tute a promising electrocardiographic monitoring method
for patients after ischemic stroke, and further improving
the sensitivity and accuracy of ICM and reducing adverse
reactions will be a new direction for post-stroke electrocar-
diographic monitoring. More large-scale, high-quality stud-
ies are needed to identify further strategies for monitoring
approaches.
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