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Severity and Etiology of Incident Stroke in Patients Screened for Atrial
Fibrillation vs Usual Care and the Impact of Prior Stroke
A Post Hoc Analysis of the LOOP Randomized Clinical Trial
Søren Zöga Diederichsen, MD, PhD; Kristian Steen Frederiksen, MD, PhD; Lucas Yixi Xing, MD;
Ketil Jørgen Haugan, MD, PhD; Søren Højberg, MD, PhD; Axel Brandes, MD, DMSc; Claus Graff, PhD;
Morten Salling Olesen, MSc, PhD; Derk Krieger, MD, PhD; Lars Køber, MD, DMSc;
Jesper Hastrup Svendsen, MD, DMSc

IMPORTANCE Atrial fibrillation (AF) screening trials have failed to demonstrate a significant
reduction in stroke risk. The impact on stroke severity and the importance of prior strokes are
unknown.

OBJECTIVE To assess stroke characteristics in patients undergoing implantable loop recorder
(ILR) screening for AF vs usual care and assess the importance of prior stroke.

DESIGN, SETTING, AND PARTICIPANTS This was a post hoc analysis of the Atrial Fibrillation
Detected by Continuous Electrocardiogram Monitoring Using Implantable Loop Recorder to
Prevent Stroke in High-Risk Individuals (LOOP) randomized clinical trial. Persons 70 years or
older without known AF but diagnosed with 1 or more of the following, hypertension,
diabetes, heart failure, or prior stroke, were screened for inclusion. Four sites in Denmark
recruited participants by letter between January 31, 2014, and May 17, 2016. The median
(IQR) follow-up period was 65 (59-70) months. Data were analyzed from April 1 to May 31,
2022.

INTERVENTIONS ILR screening for AF and anticoagulation initiation if AF duration of 6 minutes
or longer was detected (ILR group) vs usual care (control group).

MAIN OUTCOMES AND MEASURES Adjudicated stroke, classified according to the modified
Rankin Scale (mRS) using a score of 3 or more as a cutoff for severe (disabling or lethal)
stroke, and according to the Trial of Org 10172 in Acute Stroke Treatment (TOAST)
classification for ischemic strokes.

RESULTS A total of 6205 individuals were screened for inclusion, and 6004 were randomized
and included in the analysis; 4503 participants (75%; mean [SD] age, 74.7 [4.1] years; 2375
male [52.7%]) were assigned to the control group and 1501 participants (25%; mean [SD] age,
74.7 [4.1] years; 792 male [52.8%]) were assigned to the ILR group. A total of 794 of 4503
participants (17.6%) in the control group had a history of prior stroke compared with 262 of
1501 participants (17.5%) in the ILR group. During follow-up, AF was diagnosed in 1027
participants (control group, 550 [12%] vs ILR group, 477 [32%]), and anticoagulation was
initiated in 89% of these (910). A total of 315 participants (5.2%) had a stroke (control group,
249 [5.5%] vs ILR group, 66 [4.4%]), and the median (IQR) mRS score was 2 (1-3) with no
difference across the groups. A total of 272 participants (4.5%) had ischemic stroke (control
group, 217 [4.8%] vs ILR group, 55 [3.7%]), and 123 (2.0%) had severe stroke (control group,
100 [2.2%] vs ILR group, 23 [1.5%]), and the hazard ratios comparing the control and ILR
groups were 0.76 (95% CI, 0.57-1.03; P = .07) and 0.69 (95% CI, 0.44-1.09; P = .11),
respectively. For participants without prior stroke, the hazard ratios were 0.68 (95% CI,
0.48-0.97; P = .04) and 0.54 (95% CI, 0.30-0.97; P = .04), respectively.

CONCLUSIONS AND RELEVANCE This post hoc analysis of the LOOP randomized clinical trial
found that ILR screening for AF did not result in a significant decrease in ischemic or severe
strokes compared with usual care. Exploratory subgroup analyses indicated a possible
reduction of these outcomes among participants without prior stroke.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT02036450
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S troke is a leading cause of mortality and disability
throughout the world.1,2 Atrial fibrillation (AF) is an im-
portant and often undiagnosed risk factor for stroke. Ex-

tended heart-rhythm monitoring increases AF detection in pa-
tients with stroke or transient ischemic attack (TIA),3-6 and
various screening regimens have demonstrated a yield in AF
diagnoses in the broader population.7 Still, no trials had re-
ported clinical outcomes following screening until 2021. The
Atrial Fibrillation Detected by Continuous Electrocardio-
gram Monitoring Using Implantable Loop Recorder to Pre-
vent Stroke in High-Risk Individuals (LOOP) study randomly
assigned persons 70 years or older and with at least 1 addi-
tional stroke risk factor to receive implantable loop recorder
(ILR) or usual care,8 whereas the Systematic Electrocardio-
gram Screening for Atrial Fibrillation Among 75-Year-Old Sub-
jects in the Region of Stockholm and Halland, Sweden
(STROKESTOP) study randomly assigned Swedish citizens aged
75 years to receive invitation to intermittent rhythm strips or
no invitation.9 Although these trials failed to demonstrate a
significant reduction in stroke risk, they trended toward a clini-
cally relevant benefit, and per-protocol analyses supported this
signal.

Observational studies have found that cardioembolic or AF-
related strokes have worse prognosis than strokes not related
to AF.10,11 Therefore, one may speculate that unscreened
persons may be worse off when having a stroke than persons
screened for AF and treated accordingly. Importantly, in-
creased detection of AF and prescription of anticoagulants could
also increase bleeding events and, therefore, a differentiation
between stroke characteristics may elucidate any net benefit
from AF screening.

The aforementioned LOOP study comprised a well-
characterized cohort with a large number of adjudicated
strokes. We used this trial to assess the severity and etiology
of incident stroke and the importance of prior stroke in per-
sons screened for AF vs usual care.

Methods
Study Design
The current study was a post hoc analysis of the LOOP ran-
domized clinical trial conducted at 4 sites in Denmark.8 The
study design has been published previously (Supplement 1).12

Briefly, a sample of individuals 70 years or older with no his-
tory of AF but diagnosed with hypertension, diabetes, heart
failure, or previous stroke, was randomly identified through
national public health care registries and invited to partici-
pate. At an initial screening visit, medical history, body weight
and height, and blood pressure were obtained along with a stan-
dard electrocardiogram to rule out prevalent AF. Eligible par-
ticipants were randomly assigned in a 1:3 ratio to receive a Re-
veal LINQ (Medtronic) with remote monitoring and daily review
of any arrhythmias (ILR group) vs usual care (control group).
AF diagnoses were adjudicated by cardiologists (S.Z.D., K.J.H.,
S.H., A.B., J.H.S.). In the ILR group, oral anticoagulation was
recommended upon detection of AF episode duration of 6 min-
utes or longer.

Data collection was performed by research nurses super-
vised by the physicians at each study site. In the ILR group,
outcomes were collected during annual on-site study visits with
a search of the medical records from all hospital admissions,
outpatient visits, and drug prescriptions for the first 3 years,
followed by annual phone contact with further review of these
records. In the control group, outcomes were collected using
a similar strategy but with annual phone contact apart from
a single on-site study visit at year 3. At the end of the trial, all
participants who were still alive underwent a final assess-
ment within a period of 3 months. Data on race or ethnicity
were not systematically gathered because the eligible popu-
lation was considered rather homogeneous with a vast major-
ity of White individuals. All participants provided written in-
formed consent before enrollment, and the trial was approved
by the local Ethics Committee and Data Protection Agency. This
LOOP randomized clinical trial followed the Consolidated Stan-
dards of Reporting Trials (CONSORT) reporting guidelines.

Outcomes
All strokes were adjudicated by an event committee consist-
ing of consultant cardiologists and neurologists and further
classified by a consultant neurologist (K.S.F.) based on medi-
cal records and imaging results. Stroke admissions were
classified according to days in hospital grouped as 1 week or
less, 1 to 2 weeks, 2 to 3 weeks, and greater than 3 weeks, and
discharge outcome grouped as discharge to the patient’s own
home, rehabilitation facility, nursing home, or death within 30
days. Stroke severity was classified according to the National
Institutes of Health Stroke Scale (NIHSS) at admission using a
score of 5 or less, 5 to 16, and 17 or greater as cutoffs for mild,
moderate, and severe stroke, respectively,13,14 and according
to the modified Rankin Scale (mRS) score at 30 days after dis-
charge using a score of 3 or greater as a cutoff for severe (dis-
abling or lethal) stroke opposed to nondisabling or mildly dis-
abling stroke.15 Stroke etiology was classified as ischemic vs
nonischemic and according to the Trial of Org 10172 in Acute
Stroke Treatment (TOAST) classification for ischemic strokes.16

In-hospital treatment with thrombolysis, thrombectomy, or ca-
rotid intervention was recorded. In participants with more than
1 stroke during follow-up, the event with the highest mRS score
was analyzed.

Key Points
Question Can implantable loop recorder screening for atrial
fibrillation reduce the risk of severe stroke in persons with risk
factors or with prior stroke?

Findings In this post hoc analysis of a randomized clinical trial
including 6004 participants at high risk of stroke and 1056 with
prior stroke, loop recorder screening did not result in a significant
reduction in disabling or lethal stroke compared with usual care in
all participants or among participants with prior stroke. The vast
majority of strokes were ischemic, but cardioembolism was
relatively rare.

Meaning Implantable loop recorder screening for atrial fibrillation
in persons at high risk did not result in a significant reduction in the
risk of severe stroke.
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Statistical Analysis
For summary statistics, continuous variables were presented
as mean (SD) for normally distributed variables (and group-
wise compared by t tests) and median (IQR) for nonnormally
distributed variables, whereas categorical variables were pre-
sented as frequency (percentage). Event rates were pre-
sented as events per 100 person-years (95% CI) and hazard
ratios (HRs).

The distributions of hospital stay duration category, dis-
charge outcome, NIHSS category, mRS score, and TOAST clas-
sification were visualized according to the raw frequencies for
strokes in each study group. Hospital stay duration in days,
NIHSS score, and mRS score were groupwise compared using
Wilcoxon rank sum test, whereas discharge outcome and
TOAST classification were compared using χ2 tests. In a
supplementary analysis, the mRS was also compared accord-
ing to diagnosis of AF before or on the day of the event vs no
AF within each.

Time-to-event analyses were performed using right cen-
soring at the end of follow-up or death. Cumulative inci-
dences were calculated and groupwise compared using the
Aalen-Johansen estimator to account for competing risk of
death. Exploratory subgroup analyses were performed accord-
ing to baseline history of previous stroke, and of prior stroke,
TIA, or systemic arterial embolism (SAE), with reports of tests
for interaction between randomization group and these base-
line conditions. Schoenfeld residuals were evaluated to test the
proportional hazards assumption and any violations were re-
ported. These data were analyzed from April 1 to May 31, 2022,
using R software, version 4.1.3 (R Foundation) and RStudio,
version 1.4.1106. Two-sided P values > .05 were considered
statistically significant.

Results
Study Overview
Between January 31, 2014, and May 17, 2016, 6205 individu-
als were screened for inclusion and 6004 were randomly as-
signed: 4503 (75%; mean [SD] age, 74.7 [4.1] years; 2375 male
[52.7%]; 2128 female [47.3%]) to the control group, and 1501
(25%; mean [SD] age, 74.7 [4.1] years; 792 male [52.8%]; 709
female [47.2%]) to the ILR group (eFigure 1 in Supplement 2).
In addition, in the control and ILR groups, 4066 participants
(90.3%) and 1378 participants (91.8%) had a history of hyper-
tension, respectively. At baseline, 794 participants (17.6%) in
the control group had a history of prior stroke compared with
262 participants (17.5%) in the ILR group. A total of 1139 par-
ticipants (25.3%) in the control group and 370 participants
(24.7%) in the ILR group had a history of either prior stroke,
TIA, or SAE (Table).

All patients randomized were included in the analysis, and
none were lost to follow-up. The median (IQR) follow-up pe-
riod was 65 (59-70) months. A total of 1027 participants were
diagnosed with AF during follow-up (control group, 550 [12%]
vs ILR group, 477 [32%]), of which 910 (89%) initiated antico-
agulation (control group, 476 [87%] vs ILR group, 434 [91%]),
and 42 (4.6%) later discontinued the treatment.8 A total of 315

participants (5.2%) had a stroke during follow-up (control
group, 249 [5.5%] vs ILR group, 66 [4.4%]).8 Of all 315 pa-
tients with incident stroke, 33 (10%) had recurrent stroke dur-
ing follow-up (control group, 28 [11%] vs ILR group, 5 [7.6%])
and were analyzed according to the event with the highest mRS
score. The overall stroke rate in the current study was 1.02 (95%
CI, 0.92-1.15) per 100 person-years (control group, 1.08; 95%
CI, 0.95-1.23 vs ILR group, 0.86; 95% CI, 0.67-1.10; HR, 0.80;
95% CI, 0.61-1.05; P = .10). The rate of recurrent stroke after
the index event was 5.11 (95% CI, 3.52-7.18) per 100 person-
years, with no difference between the groups (HR, 0.58; 95%
CI, 0.22-1.51; P = .27) (eFigure 2 in Supplement 2).

Stroke Severity
Of all 315 stroke admissions, the median (IQR) duration of hos-
pital stay was 6 (4-15) days with no difference in hospital stay

Table. Baseline Characteristics

Characteristic

No. (%)

Control (4503) ILR (1501)

Sex

Male 2375 (52.7) 792 (52.8)

Female 2128 (47.3) 709 (47.2)

Age, mean (SD), y 74.7 (4.1) 74.7 (4.1)

Hypertension 4066 (90.3) 1378 (91.8)

Prior stroke 794 (17.6) 262 (17.5)

Prior stroke, TIA, or SAE 1139 (25.3) 370 (24.7)

Diabetes 1288 (28.6) 422 (28.1)

Heart failure 199 (4.4) 67 (4.5)

Prior AMI, CABG, or PCI 614 (13.6) 177 (11.8)

Valvular heart disease 181 (4.0) 63 (4.2)

CHA2DS2-VASc score

Score, median (IQR) 4 (3-4) 4 (3-4)

2 588 (13.1) 202 (13.5)

3 1494 (33.2) 513 (34.2)

4 1325 (29.4) 419 (27.9)

5 687 (15.3) 244 (16.3)

≥6 409 (9.8) 123 (8.2)

Medical treatment

Antiplatelets 2204 (48.9) 702 (46.8)

β-Blockers 1172 (26.0) 354 (23.6)

Calcium blockers 1684 (37.4) 562 (37.4)

RA inhibitors 2999 (66.6) 991 (66.0)

Statins 2621 (58.2) 879 (58.6)

Diuretics 1511 (33.6) 495 (33.0)

Physical evaluation

BMI, mean (SD)a 27.6 (4.5) 27.8 (4.7)

Blood pressure, mean (SD), mm
Hg

Systolic 149.8 (19.5) 150.6 (19.2)

Diastolic 83.9 (11.3) 84.7 (11.1)

Abbreviations: AMI, acute myocardial infarction; BMI, body mass index;
CABG, coronary artery bypass graft; ILR, implantable loop recorder;
PCI, percutaneous coronary intervention; RA, renin-angiotensin;
SAE, systemic arterial embolism; TIA, transient ischemic attack.
a Calculated as weight in kilograms divided by height in meters squared.
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across randomization groups (eFigure 3 in Supplement 2). A
total of 41 patients (13%) died in-hospital or within 30 days af-
ter discharge, whereas 14 (4.4%), 57 (18%), and 203 (64%) were
discharged to nursing home, rehabilitation facility, and the pa-
tient’s own home, respectively. A higher proportion of pa-
tients with stroke in the ILR group were discharged to home
compared with the control group, but the difference was not
statistically significant (eFigure 3 in Supplement 2).

A total of 271 patients with stroke (86%) had an available
NIHSS score at admission; of these, 198 (73%) had mild, 55
(20%) moderate, and 18 (6.6%) severe stroke, and the median
(IQR) score was 3 (1-6) with no significant difference across the

randomization groups. All 315 strokes were scored according
to the mRS after discharge, and the median (IQR) mRS score
was 2 (1-3) with no difference in distribution of mRS score across
the groups (Figure 1).

A total of 123 participants (2.0%) had severe stroke accord-
ing to the mRS (control group, 100 [2.2%] vs ILR group, 23
[1.5%]), corresponding to 40% and 35% of all strokes in each
group, respectively, with an overall event rate of 0.40 (95% CI,
0.33-0.47) per 100 person-years (control group, 0.43; 95% CI,
0.35-0.52 vs ILR group, 0.30; 95% CI, 0.19-0.44; HR, 0.69; 95%
CI, 0.44-1.09; P = .11) (Figure 2).

A total of 192 participants (3.2%) had mild stroke (control
group, 149 [3.3%] vs ILR group, 43 [2.9%]), with an overall event
rate of 0.62 (95% CI, 0.54-0.72) per 100 person-years (control
group, 0.64; 95% CI, 0.54-0.76 vs ILR group, 0.56; 95% CI, 0.41-
0.76; HR, 0.87; 95% CI, 0.62-1.22; P = .43) (eFigure 4 in Supple-
ment 2).

Stroke Etiology
A total of 272 participants (4.5%) had ischemic stroke (con-
trol group, 217 [4.8%] vs ILR group, 55 [3.7%]), corresponding
to 87% and 83% of all stroke patients in each group, respec-
tively, with an overall rate of 0.87 (95% CI, 0.78-1.00) per 100
person-years (control group, 0.94; 95% CI, 0.82-1.08 vs ILR
group, 0.72; 95% CI, 0.54-0.93; HR, 0.76; 95% CI, 0.57-1.03;
P = .07) (eFigure 5 in Supplement 2).

Of all patients with ischemic stroke, 50 (18%) were treated
with thrombolysis (control group, 40 [18%] vs ILR group, 10
[18%]), 11 (4.0%) were treated with thrombectomy (control
group, 9 [4.2%] vs ILR group, 2 [3.6%]), and 7 were treated with
carotid intervention (control group, 5 [2.3%] vs ILR group, 2
[3.6%]), with no significant differences between the groups.
The most common TOAST classification was small-vessel dis-

Figure 2. Cumulative Incidence of Severe Stroke
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Figure 1. Stroke Severity Grouped by Randomization Group
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ease at 40%, whereas 14% of ischemic strokes were cardioem-
bolic and 25% of undetermined source, and there were no sig-
nificant differences between the groups (Figure 3).

A total of 117 participants (2.0%) had cardioembolic or
embolic stroke of undetermined source (ESUS) (control group,
93 [2.1%] vs ILR group, 24 [1.6%]), with an overall rate of 0.38
(95% CI, 0.31-0.45) per 100 person-years (control group, 0.40;
95% CI, 0.32-0.49 vs ILR group, 0.31; 95% CI, 0.20-0.46; HR,
0.78; 95% CI, 0.50-1.22; P = .27) (eFigure 6 in Supplement 2),
and 83 participants (1.4%) had severe cardioembolic or ESUS
(control group, 67 [1.5%] vs ILR group, 16 [1.1%]), with an
overall rate of 0.27 (95% CI, 0.22-0.34) per 100 person-years
(control group, 0.29; 95% CI, 0.23-0.37 vs ILR group, 0.21;
95% CI, 0.12-0.33; HR, 0.70; 95% CI, 0.41-1.20; P = .20) (eFig-
ure 7 in Supplement 2). A total of 43 patients (0.7%) had hem-
orrhagic stroke, 45 if analyzed as first event opposed to the
event with highest mRS score at recurrent stroke, with no dif-
ference between the groups.

Subgroup Analyses According to Prior Stroke
For the outcome of severe stroke, comparison of the random-
ization groups yielded an HR of 1.13 (95% CI, 0.54-2.32) among
participants with prior stroke (n = 1056) vs 0.54 (95% CI, 0.30-
0.97) among participants without prior stroke (n = 4948; P value
for interaction = .12) and an HR of 0.98 (95% CI, 0.51-1.88) among
participants with prior stroke, TIA, or SAE (n = 1509) vs 0.52 (95%
CI, 0.28-1.03) among participants without prior stroke, TIA, or
SAE (n = 4495; P value for interaction = .18) (Figure 4). Corre-
sponding estimates for the outcome of mild stroke were an HR
of 0.95 (95% CI, 0.48-1.87) with prior stroke vs 0.85 (95% CI, 0.57-
1.26) without prior stroke (P value for interaction = .78) and an
HR of 0.97 (95% CI, 0.53-1.77) with prior stroke, TIA, or SAE vs
0.83 (95% CI, 0.55-1.26) without prior stroke, TIA, or SAE (P value
for interaction = .68) (eFigure 8 in Supplement 2). For the out-
come of ischemic stroke, the estimates were an HR of 1.03 (95%
CI, 0.61-1.76) with prior stroke vs 0.68 (95% CI, 0.48-0.97) with-
out prior stroke (P value for interaction = .21) and an HR of 0.97
(95% CI, 0.60-1.57) with prior stroke, TIA, or SAE vs 0.67 (95%
CI, 0.46-0.98) without prior stroke, TIA, or SAE (P value for in-
teraction = .24) (eFigure 9 in Supplement 2). For the outcome
of cardioembolic stroke or ESUS, the estimates were an HR of 1.13
(95% CI, 0.55-2.32) with prior stroke vs 0.64 (95% CI, 0.36-1.15)
without prior stroke (P value for interaction = .24) and an HR of
1.05 (95% CI, 0.53-2.07) with prior stroke, TIA, or SAE vs 0.65
(95% CI, 0.35-1.18) without prior stroke, TIA, or SAE (P value for
interaction = .45) (eFigure 10 in Supplement 2). For the out-
come of severe cardioembolic stroke or ESUS, the estimates were
an HR of 1.49 (95% CI, 0.64-3.45) with prior stroke vs 0.46 (95%
CI, 0.22-0.97) without prior stroke (P value for interaction = .04)
and an HR of 1.43 (95% CI, 0.68-3.02) with prior stroke, TIA, or
SAE vs 0.38 (95% CI, 0.16-0.89) without prior stroke, TIA, or SAE
(P value for interaction = .02) (eFigure 11 in Supplement 2).

Atrial Fibrillation and Stroke
Of all 315 participants with stroke admissions, 49 (16%) had
been diagnosed with AF before their event (control group, 32
[13%] vs ILR group, 17 [26%]), and a further 5 patients were di-
agnosed with AF on the same day as the event (control group,

4 vs ILR group, 1). The median (IQR) mRS score was 3 (1-6) vs
2 (0-3) for patients with and without AF diagnosis, respec-
tively (P < .001). Within the control group, the median (IQR)
mRS score was 4 (2-6) vs 1 (0-3) for patients with and without
AF diagnosis, respectively (P < .001), whereas there was no
statistical difference within the ILR group (eFigure 12 in Supple-
ment 2). Of the 49 patients with AF diagnosis before the stroke,
44 (90%) had already initiated anticoagulation (control group,
28 [88%] vs ILR group, 16 [94%]), and these had a median (IQR)
mRS score of 2 (1-5) compared with 5 (2-6) in those with un-
treated AF (P = .50).

Discussion
To our knowledge, this was the first study to assess the sever-
ity and etiology of stroke after AF screening vs usual care in per-
sons without AF but with high risk of stroke. The data are from
a well-characterized randomized trial with high AF detection
in the screening group, high adherence to anticoagulation over-
all, and a large number of strokes with no loss to follow-up. The
main findings were as follows: first, more than 1 in 3 strokes were
classified as disabling or lethal (mRS score ≥3) with a nonsig-
nificant 31% reduction in this outcome by ILR screening com-
pared with usual care. Second, the vast majority of strokes were
ischemic, and the most common etiology was small-vessel dis-
ease, although patients with AF detected had worse strokes than
those without. Third, exploratory subgroup analyses indi-
cated an effect on severe strokes from screening in persons with-
out prior stroke, whereas there was no signal toward benefit from
screening in patients with prior stroke.

The overall stroke rate of 1% per year, and the etiology, with
almost 90% being ischemic, were comparable with popula-
tion estimates.1,2,17,18 The somewhat higher proportion of small-
vessel occlusions and lower proportion of cardioembolism in
the current study compared with prior cohorts could in part

Figure 3. Etiology of Ischemic Strokes
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be explained by the eligibility criteria yielding an older popu-
lation with a very high prevalence of hypertension and no
known atrial fibrillation at baseline. The stroke severity was
also somewhat higher than in registry studies, with only 47%
having no or only slight disability, and the stroke-related mor-
tality of 13% was somewhat higher than recently reported.11

This may reflect that our study only included participants with
risk factors and that all strokes were adjudicated.

Our study supports previous observations of worse stroke
prognosis in patients with a diagnosis of AF than those with-
out an AF diagnosis.11,19 This signal was upheld by patients with
usual care-detected AF probably owing to patients with ILR
being diagnosed earlier, and the possibility that aggressive
treatment of subclinical AF decreased the rate of more seri-
ous complications is worth mentioning. Overall, fewer par-
ticipants in the ILR group experienced a disabling or lethal
stroke, and the lack of statistical significance could be attrib-
utable to insufficient statistical power for this outcome. In sup-
port of this notion is the gradual separation of the cumulative
incidence curves over time and the much smaller signal for mild

strokes. One could question whether adequately powered
screening trials are feasible. Albeit being a highly prevalent dis-
ease, stroke is a rare event in the individual. This problem is
only bigger in the screening-intervention setting compared
with single-step intervention trials. With 315 adjudicated
strokes, the current trial was comparable in size with the semi-
nal trials on direct oral anticoagulation in AF20-22 and ESUS,23,24

but because of the expectedly low event rate, it was only pow-
ered to detect at least 35% relative reduction in stroke risk,12

with even less power to detect rarer events such as disabling
stroke. Despite the limited evidence,25 screening for AF seems
to be increasingly applied, whereas the methodologies to de-
tect the arrhythmia expand outside the traditional clinical
settings.7,26 To summarize the current trial, the bulk of the data
supports that intensive screening and treatment of subclini-
cal AF leads to decreased risk of stroke, especially severe stroke,
but this comes at a cost of increased risk of bleeding, albeit no
signal for hemorrhagic stroke. Future meta-analyses will seek
to clarify which persons will benefit from what type of
screening.27

Figure 4. Cumulative Incidence of Severe Stroke Stratified by Stroke History
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How intensively to monitor for unknown AF remains an
unresolved problem for neurologists who manage stroke.1 Al-
beit not designed to investigate poststroke regimens, the cur-
rent study does not support ILR screening for AF among pa-
tients with a history of stroke. Countering the support for AF
screening are arguments that increased focus on AF should not
cause decreased focus on other stroke risk factors.1 The ex-
ploratory subgroup analyses in the current study indicated a
possible effect from screening among participants without, not
with, prior stroke even though these had lower event rates
(Figure 4; eFigures 9-11 in Supplement 2). This may well trans-
late into outpatients at highest risk having too many compet-
ing risk factors for detection of subclinical AF to make a dif-
ference. Also, only 1 in 4 stroke patients with continuous
monitoring had any AF before the event, and only 12% of strokes
were deemed cardioembolic by imaging. In all, this highlights
that other risk factors than the arrhythmia itself are worth pur-
suing in terms of stroke prevention. For instance, high systolic
blood pressure is an important and treatable risk factor,28,29

obesity and metabolic syndrome are risk factors for AF and
stroke alike,30-32 and a large-scale trial is under way to assess
the benefit of anticoagulation in patients with stroke who have
concurrent atrial cardiomyopathy and sinus rhythm.33

Limitations
This study had several limitations. First, it was a post hoc analy-
sis, and the results should be interpreted with caution, espe-

cially the subgroup analyses which were exploratory by na-
ture. The timing of recruitment did not depend on stroke
history, and the etiology of strokes before enrollment was un-
known. Second, the current trial may be underpowered to as-
sess a smaller but clinically meaningful reduction in risk of dis-
abling stroke or in the distribution of stroke severity across the
randomization groups. Third, the more frequent study visits
in the ILR group may lead to ascertainment bias with regard
to minor events that did not result in hospital contact. Finally,
NIHSS could not be assessed for 14% of stroke admissions, and
stroke severity scores at admission or after discharge are not per-
fect measures of long-term prognosis.34,35

Conclusions
In this post hoc randomized clinical trial of ILR screening for
AF vs usual care in individuals 70 years or older with risk
factors, screening did not result in a significant reduction in
disabling or lethal stroke. Exploratory subgroup analyses
indicated a possible effect of screening in persons without
prior stroke, whereas there was no signal toward benefit in
patients with prior stroke. The vast majority of strokes were
ischemic, and the most common etiology was small-vessel
disease. Cardioembolism was relatively rare, although stroke
in patients with AF detected was worse than in patients
without.

ARTICLE INFORMATION

Accepted for Publication: August 4, 2022.
Published Online: August 29, 2022.
doi:10.1001/jamaneurol.2022.3031
Open Access: This is an open access article
distributed under the terms of the CC-BY License.
© 2022 Diederichsen SZ et al. JAMA Neurology.
Author Affiliations: Department of Cardiology,
Copenhagen University Hospital–Rigshospitalet,
Copenhagen, Denmark (Diederichsen, Xing, Køber,
Svendsen); Department of Neurology, Danish
Dementia Research Centre, Copenhagen University
Hospital–Rigshospitalet, Copenhagen, Denmark
(Frederiksen); Department of Cardiology, Zealand
University Hospital Roskilde, Roskilde, Denmark
(Haugan); Department of Cardiology, Copenhagen
University Hospital–Bispebjerg, Copenhagen,
Denmark (Højberg); Department of Cardiology,
Odense University Hospital, Odense, Denmark
(Brandes); Department of Clinical Research, Faculty
of Health Sciences, University of Southern
Denmark, Odense, Denmark (Brandes);
Department of Internal Medicine–Cardiology,
University Hospital of Southern Denmark–Esbjerg,
Esbjerg, Denmark (Brandes); Department of Health
Science and Technology, Aalborg University,
Aalborg, Denmark (Graff); Department of
Biomedical Sciences, Faculty of Health and Medical
Sciences, University of Copenhagen, Copenhagen,
Denmark (Olesen); Stroke Unit, Mediclinic City
Hospital, Dubai, United Arab Emirates (Krieger);
Department of Clinical Medicine, Faculty of Health
and Medical Sciences, University of Copenhagen,
Copenhagen, Denmark (Køber, Svendsen).

Author Contributions: Dr Diederichsen had full
access to all of the data in the study and takes

responsibility for the integrity of the data and the
accuracy of the data analysis.
Concept and design: Diederichsen, Frederiksen,
Haugan, Højberg, Brandes, Krieger, Køber,
Svendsen.
Acquisition, analysis, or interpretation of data:
Diederichsen, Frederiksen, Xing, Haugan, Højberg,
Brandes, Graff, Olesen, Køber.
Drafting of the manuscript: Diederichsen, Olesen.
Critical revision of the manuscript for important
intellectual content: Diederichsen, Frederiksen,
Xing, Haugan, Højberg, Brandes, Graff, Krieger,
Køber, Svendsen.
Statistical analysis: Diederichsen, Xing.
Obtained funding: Svendsen.
Administrative, technical, or material support:
Haugan, Graff, Køber, Svendsen.
Supervision: Haugan, Højberg, Olesen, Krieger,
Køber, Svendsen.

Conflict of Interest Disclosures: Dr Diederichsen
reported receiving personal fees for advisory board
participation from Vital Beats, Bristol Myers Squibb,
and Pfizer and grants from the Innovation Fund
Denmark, The Research Foundation for the Capital
Region of Denmark, the Danish Heart Foundation,
Aalborg University Talent Management
Programme, Arvid Nilssons Fond, Skibsreder Per
Henriksen, R. og Hustrus Fond, Medtronic, and
European Union’s Horizon 2020 outside the
submitted work. Dr Frederiksen reported an
advisory board membership with Novo Nordisk,
speaker honoraria paid to the institution from
Lundbeck and Novo Nordisk, and having received a
research grant from A.P. Møller Fonden outside the
submitted work. Dr Brandes reported receiving
honoraria fees from Bayer, Boehringer Ingelheim,
and Bristol Myers Squibb and grants from Biotronik,

Theravance, and the Regions of Southern Denmark
and Zealand outside the submitted work. Dr Køber
reported receiving speaker honoraria from Novo
Nordisk, Novartis, AstraZeneca, and Boehringer
Ingelheim outside the submitted work. Dr
Svendsen reported receiving advisory board fees
from Medtronic and speaker honoraria and a
nonrestricted research grant from Medtronic during
the conduct of the study. No other disclosures were
reported.

Funding/Support: The study was supported by
grant 12-135225 from the Innovation Fund
Denmark, The Research Foundation for the Capital
Region of Denmark, grant 11-04-R83-A3363-22625
from the Danish Heart Foundation, Aalborg
University Talent Management Programme, Arvid
Nilssons Fond, Skibsreder Per Henriksen, R. og
Hustrus Fond, Medtronic, and the AFFECT-EU
consortium, which has received funding from the
European Union’s Horizon 2020 research and
innovation program under grant 847770.

Role of the Funder/Sponsor: The funders had no
role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication.

Data Sharing Statement: See Supplement 3.

Additional Contributions: We thank Christian
Kronborg, MSc, PhD (University of Southern
Denmark), for participating in the study’s steering
committee and Dan Atar, MD, PhD (University of
Oslo and Department of Cardiology B, Oslo
University Hospital Ullevål, Oslo, Norway), Gregory
Y. H. Lip, MD, PhD (The University of Liverpool and
Liverpool Heart and Chest Hospital, Liverpool, UK),

Stroke Severity in Atrial Fibrillation Screening Original Investigation Research

jamaneurology.com (Reprinted) JAMA Neurology October 2022 Volume 79, Number 10 1003

Downloaded From: https://jamanetwork.com/ on 10/13/2022

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2022.3031?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2022.3031
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2022.3031?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2022.3031
https://jamanetwork.com/pages/cc-by-license-permissions?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2022.3031
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2022.3031?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2022.3031
http://www.jamaneurology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2022.3031


and Mårten Rosenqvist, MD, PhD (Karolinska
Institutet and Danderyd Hospital, Stockholm,
Sweden), for participating in the study’s
international advisory committee. We thank the
research nurses and other colleagues in the
Departments of Cardiology, Copenhagen University
Hospital, Rigshospitalet and Bispebjerg Hospital,
Zealand University Hospital, Roskilde, and Odense
University Hospital for their assistance with study
procedures. No one was financially compensated
for their contribution.

REFERENCES

1. Kleindorfer DO, Towfighi A, Chaturvedi S, et al.
2021 Guideline for the prevention of stroke in
patients with stroke and transient ischemic attack:
a guideline from the American Heart
Association/American Stroke Association. Stroke.
2021;52(7):e364-e467. doi:10.1161/
STR.0000000000000375

2. Tsao CW, Aday AW, Almarzooq ZI, et al. Heart
disease and stroke statistics 2022 update: a report
from the American Heart Association. Circulation.
2022;145(8):e153-e639. doi:10.1161/
CIR.0000000000001052

3. Sanna T, Diener HC, Passman RS, et al; CRYSTAL
AF Investigators. Cryptogenic stroke and
underlying atrial fibrillation. N Engl J Med. 2014;370
(26):2478-2486. doi:10.1056/NEJMoa1313600

4. Gladstone DJ, Spring M, Dorian P, et al;
EMBRACE Investigators and Coordinators. Atrial
fibrillation in patients with cryptogenic stroke.
N Engl J Med. 2014;370(26):2467-2477. doi:10.
1056/NEJMoa1311376

5. Wachter R, Gröschel K, Gelbrich G, et al;
Find-AF(randomised) Investigators and
Coordinators. Holter-electrocardiogram-monitoring
in patients with acute ischaemic stroke
(Find-AFRANDOMISED): an open-label randomised
controlled trial. Lancet Neurol. 2017;16(4):282-290.
doi:10.1016/S1474-4422(17)30002-9

6. Haeusler KG, Kirchhof P, Kunze C, et al; MonDAFIS
Investigators. Systematic monitoring for detection of
atrial fibrillation in patients with acute ischaemic
stroke (MonDAFIS): a randomised, open-label,
multicentre study. Lancet Neurol. 2021;20(6):426-436.
doi:10.1016/S1474-4422(21)00067-3

7. Khurshid S, Healey JS, McIntyre WF, Lubitz SA.
Population-based screening for atrial fibrillation.
Circ Res. 2020;127(1):143-154. doi:10.1161/
CIRCRESAHA.120.316341

8. Svendsen JH, Diederichsen SZ, Højberg S, et al.
Implantable loop recorder detection of atrial
fibrillation to prevent stroke (the LOOP study):
a randomised controlled trial. Lancet. 2021;398
(10310):1507-1516. doi:10.1016/S0140-6736(21)
01698-6

9. Svennberg E, Friberg L, Frykman V, Al-Khalili F,
Engdahl J, Rosenqvist M. Clinical outcomes in
systematic screening for atrial fibrillation
(STROKESTOP): a multicentre, parallel group,
unmasked, randomised controlled trial. Lancet. 2021;
398(10310):1498-1506. Published online August 29,
2021. doi:10.1016/S0140-6736(21)01637-8

10. Winter Y, Wolfram C, Schaeg M, et al.
Evaluation of costs and outcome in cardioembolic
stroke or TIA. J Neurol. 2009;256(6):954-963. doi:
10.1007/s00415-009-5053-2

11. Vinding NE, Kristensen SL, Rørth R, et al.
Ischemic stroke severity and mortality in patients
with and without atrial fibrillation. J Am Heart Assoc.
2022;11(4):e022638. doi:10.1161/JAHA.121.022638

12. Diederichsen SZ, Haugan KJ, Køber L, et al.
Atrial fibrillation detected by continuous
electrocardiographic monitoring using implantable
loop recorder to prevent stroke in individuals at risk
(the LOOP study): rationale and design of a large
randomized controlled trial. Am Heart J. 2017;187:
122-132. doi:10.1016/j.ahj.2017.02.017

13. Heldner MR, Zubler C, Mattle HP, et al. National
Institutes of Health stroke scale score and vessel
occlusion in 2152 patients with acute ischemic
stroke. Stroke. 2013;44(4):1153-1157. doi:10.1161/
STROKEAHA.111.000604

14. Sato S, Toyoda K, Uehara T, et al. Baseline NIH
Stroke Scale Score predicting outcome in anterior
and posterior circulation strokes. Neurology. 2008;
70(24 Pt 2):2371-2377. doi:10.1212/
01.wnl.0000304346.14354.0b

15. Farrell B, Godwin J, Richards S, Warlow C. The
United Kingdom Transient Ischaemic Attack
(UK-TIA) aspirin trial: final results. J Neurol
Neurosurg Psychiatry. 1991;54(12):1044-1054.
doi:10.1136/jnnp.54.12.1044

16. Adams HP Jr, Bendixen BH, Kappelle LJ, et al.
Classification of subtype of acute ischemic stroke
definitions for use in a multicenter clinical trial,
TOAST: Trial of Org 10172 in Acute Stroke
Treatment. Stroke. 1993;24(1):35-41. doi:10.1161/
01.STR.24.1.35

17. Feigin VL, Nguyen G, Cercy K, et al; GBD 2016
Lifetime Risk of Stroke Collaborators. Global,
regional, and country-specific lifetime risks of
stroke, 1990 and 2016. N Engl J Med. 2018;379(25):
2429-2437. doi:10.1056/NEJMoa1804492

18. Johnson CO, Nguyen M, Roth GA, et al; GBD
2016 Stroke Collaborators. Global, regional, and
national burden of stroke, 1990-2016: a systematic
analysis for the Global Burden of Disease Study
2016. Lancet Neurol. 2019;18(5):439-458. doi:10.
1016/S1474-4422(19)30034-1

19. Jørgensen HS, Nakayama H, Reith J, Raaschou
HO, Olsen TS. Acute stroke with atrial fibrillation:
the Copenhagen Stroke Study. Stroke. 1996;27(10):
1765-1769. doi:10.1161/01.STR.27.10.1765

20. Patel MR, Mahaffey KW, Garg J, et al; ROCKET
AF Investigators. Rivaroxaban vs warfarin in
nonvalvular atrial fibrillation. N Engl J Med. 2011;
365(10):883-891. doi:10.1056/NEJMoa1009638

21. Granger CB, Alexander JH, McMurray JJV, et al;
ARISTOTLE Committees and Investigators.
Apixaban vs warfarin in patients with atrial
fibrillation. N Engl J Med. 2011;365(11):981-992.
doi:10.1056/NEJMoa1107039

22. Connolly SJ, Ezekowitz MD, Yusuf S, et al; RE-LY
Steering Committee and Investigators. Dabigatran
vs warfarin in patients with atrial fibrillation. N Engl
J Med. 2009;361(12):1139-1151. doi:10.1056/
NEJMoa0905561

23. Diener HC, Sacco RL, Easton JD, et al;
RE-SPECT ESUS Steering Committee and
Investigators. Dabigatran for prevention of stroke
after embolic stroke of undetermined source.

N Engl J Med. 2019;380(20):1906-1917. doi:10.
1056/NEJMoa1813959

24. Hart RG, Sharma M, Mundl H, et al; NAVIGATE
ESUS Investigators. Rivaroxaban for stroke
prevention after embolic stroke of undetermined
source. N Engl J Med. 2018;378(23):2191-2201.
doi:10.1056/NEJMoa1802686

25. Davidson KW, Barry MJ, Mangione CM, et al; US
Preventive Services Task Force. Screening for atrial
fibrillation: US Preventive Services Task Force
recommendation statement. JAMA. 2022;327(4):
360-367. doi:10.1001/jama.2021.23732

26. Boriani G, Schnabel RB, Healey JS, et al.
Consumer-led screening for atrial fibrillation using
consumer-facing wearables, devices, and apps:
a survey of health care professionals by AF-SCREEN
international collaboration. Eur J Intern Med. 2020;
82:97-104. doi:10.1016/j.ejim.2020.09.005

27. McIntyre WF, Diederichsen SZ, Freedman B,
Schnabel RB, Svennberg E, Healey JS. Screening for
atrial fibrillation to prevent stroke: a meta-analysis.
Eur Heart J Open. 2022;2(4):oeac044. doi:10.1093/
ehjopen/oeac044

28. Kitagawa K, Yamamoto Y, Arima H, et al;
Recurrent Stroke Prevention Clinical Outcome
(RESPECT) Study Group. Effect of standard vs
intensive blood pressure control on the risk of
recurrent stroke: a randomized clinical trial and
meta-analysis. JAMA Neurol. 2019;76(11):1309-1318.
doi:10.1001/jamaneurol.2019.2167

29. Xing LY, Diederichsen SZ, Højberg S, et al.
Systolic blood pressure and effects of screening for
atrial fibrillation with long-term continuous
monitoring (a LOOP substudy). Hypertension.
2022;79(9):2081-2090. doi:10.1161/
HYPERTENSIONAHA.122.19333

30. Strazzullo P, D’Elia L, Cairella G, Garbagnati F,
Cappuccio FP, Scalfi L. Excess body weight and
incidence of stroke: meta-analysis of prospective
studies with 2 million participants. Stroke. 2010;41
(5):e418-e426. doi:10.1161/STROKEAHA.109.576967

31. Horn JW, Feng T, Mørkedal B, et al. Obesity and
risk for first ischemic stroke depends on metabolic
syndrome: the HUNT study. Stroke. 2021;52(11):
3555-3561. doi:10.1161/STROKEAHA.120.033016

32. Nalliah CJ, Sanders P, Kottkamp H, Kalman JM.
The role of obesity in atrial fibrillation. Eur Heart J.
2016;37(20):1565-1572. doi:10.1093/eurheartj/
ehv486

33. Kamel H, Longstreth WT Jr, Tirschwell DL, et al.
The atrial cardiopathy and antithrombotic drugs in
prevention after cryptogenic stroke randomized
trial: rationale and methods. Int J Stroke. 2019;14
(2):207-214. doi:10.1177/1747493018799981

34. Rost NS, Bottle A, Lee JM, et al; Global
Comparators Stroke GOAL collaborators. Stroke
severity is a crucial predictor of outcome: an
international prospective validation study. J Am
Heart Assoc. 2016;5(1):e002433. doi:10.1161/
JAHA.115.002433

35. ElHabr AK, Katz JM, Wang J, et al. Predicting
90-day modified Rankin Scale score with discharge
information in acute ischaemic stroke patients
following treatment. BMJ Neurol Open. 2021;3(1):
e000177. doi:10.1136/bmjno-2021-000177

Research Original Investigation Stroke Severity in Atrial Fibrillation Screening

1004 JAMA Neurology October 2022 Volume 79, Number 10 (Reprinted) jamaneurology.com

Downloaded From: https://jamanetwork.com/ on 10/13/2022

https://dx.doi.org/10.1161/STR.0000000000000375
https://dx.doi.org/10.1161/STR.0000000000000375
https://dx.doi.org/10.1161/CIR.0000000000001052
https://dx.doi.org/10.1161/CIR.0000000000001052
https://dx.doi.org/10.1056/NEJMoa1313600
https://dx.doi.org/10.1056/NEJMoa1311376
https://dx.doi.org/10.1056/NEJMoa1311376
https://dx.doi.org/10.1016/S1474-4422(17)30002-9
https://dx.doi.org/10.1016/S1474-4422(21)00067-3
https://dx.doi.org/10.1161/CIRCRESAHA.120.316341
https://dx.doi.org/10.1161/CIRCRESAHA.120.316341
https://dx.doi.org/10.1016/S0140-6736(21)01698-6
https://dx.doi.org/10.1016/S0140-6736(21)01698-6
https://dx.doi.org/10.1016/S0140-6736(21)01637-8
https://dx.doi.org/10.1007/s00415-009-5053-2
https://dx.doi.org/10.1161/JAHA.121.022638
https://dx.doi.org/10.1016/j.ahj.2017.02.017
https://dx.doi.org/10.1161/STROKEAHA.111.000604
https://dx.doi.org/10.1161/STROKEAHA.111.000604
https://dx.doi.org/10.1212/01.wnl.0000304346.14354.0b
https://dx.doi.org/10.1212/01.wnl.0000304346.14354.0b
https://dx.doi.org/10.1136/jnnp.54.12.1044
https://dx.doi.org/10.1161/01.STR.24.1.35
https://dx.doi.org/10.1161/01.STR.24.1.35
https://dx.doi.org/10.1056/NEJMoa1804492
https://dx.doi.org/10.1016/S1474-4422(19)30034-1
https://dx.doi.org/10.1016/S1474-4422(19)30034-1
https://dx.doi.org/10.1161/01.STR.27.10.1765
https://dx.doi.org/10.1056/NEJMoa1009638
https://dx.doi.org/10.1056/NEJMoa1107039
https://dx.doi.org/10.1056/NEJMoa0905561
https://dx.doi.org/10.1056/NEJMoa0905561
https://dx.doi.org/10.1056/NEJMoa1813959
https://dx.doi.org/10.1056/NEJMoa1813959
https://dx.doi.org/10.1056/NEJMoa1802686
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.23732?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2022.3031
https://dx.doi.org/10.1016/j.ejim.2020.09.005
https://dx.doi.org/10.1093/ehjopen/oeac044
https://dx.doi.org/10.1093/ehjopen/oeac044
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2019.2167?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2022.3031
https://dx.doi.org/10.1161/HYPERTENSIONAHA.122.19333
https://dx.doi.org/10.1161/HYPERTENSIONAHA.122.19333
https://dx.doi.org/10.1161/STROKEAHA.109.576967
https://dx.doi.org/10.1161/STROKEAHA.120.033016
https://dx.doi.org/10.1093/eurheartj/ehv486
https://dx.doi.org/10.1093/eurheartj/ehv486
https://dx.doi.org/10.1177/1747493018799981
https://dx.doi.org/10.1161/JAHA.115.002433
https://dx.doi.org/10.1161/JAHA.115.002433
https://dx.doi.org/10.1136/bmjno-2021-000177
http://www.jamaneurology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2022.3031

