
Carlos A Morillo, MD, FRCPC, FACC, FHRS, FESC
Professor Department of Cardiac Sciences, Libin Cardiovascular Institute

Division of Cardiology
Cumming School of Medicine, Calgary, Alberta

Senior Visiting Scientist, Molecular & Novel Arrhythmia Therapeutics
Centro Nacional de Investigaciones Cardiovasculares (CNIC) Carlos III 

Madrid, Spain

ECAS-WSA Joint Session 2 In Memory of Professor Massimo Santini



FA Subclinica

Europace (2023) 25, 1–10.

DDAF



BACKGROUND
• Atrial Fibrillation is a CHRONIC and PROGRESSIVE disease
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Atrial fibrillation (AF) can lead to stroke via thrombus for-
mation and is responsible for 15% to 20% of all ischemic 

strokes.1 Up to 40% of ischemic strokes are initially classified 
as cryptogenic by exclusion,2,3 but cardiac embolism is even-
tually detected in at least half of these cases.4 AF in crypto-
genic stroke (CS) patients can be asymptomatic (also called 
silent or subclinical) and paroxysmal, often making stroke 
the first manifestation of the disease.5 Silent AF is present in 
≈30% of CS patients.6 In a large cohort of patients hospital-
ized with ischemic stroke, a diagnosis of AF made after dis-
charge was associated with a greater risk of stroke recurrence 

when compared with preexisting AF or with AF discovered at 
the time of hospitalization.7 This suggests that the failure to 
diagnose AF in patients after a CS increases the risk of recur-
rent thromboembolic events. Therefore, timely detection of AF 
may lead to prompt initiation of oral anticoagulation (OAC) 
therapy, potentially reducing the risk of recurrent stroke and 
systemic embolism. Standard 24-hour ECG monitoring with 
Holter devices has shown limited sensitivity for the detection 
of new AF,8 including in patients with CS (2%–6%).9,10 Several 
studies have monitored CS patients for longer periods of time 
(≤30 days) using mobile cardiac outpatient telemetry and 
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Background—Atrial fibrillation (AF) can be a cause of previously diagnosed cryptogenic stroke. However, AF can be 
paroxysmal and asymptomatic, thereby making detection with routine ECG methods difficult. Oral anticoagulation is 
highly effective in reducing recurrent stroke in patients with AF, but its initiation is dependent on the detection of AF. 
Cryptogenic Stroke and Underlying Atrial Fibrillation (CRYSTAL AF) is the first randomized study to report the detection 
of AF in cryptogenic stroke patients using continuous long-term monitoring via insertable cardiac monitors (ICM).

Methods and Results—Patients with prior cryptogenic stroke were randomized to control (n=220) or ICM (n=221) and 
followed for ≤36 months. Cumulative AF detection rates in the ICM arm increased progressively during this period 
(3.7%, 8.9%, 12.4%, and 30.0% at 1, 6, 12, and 36 months, respectively), but remained low in the control arm (3.0% at 
36 months). This resulted in oral anticoagulation prescription in 94.7% of ICM patients with AF detected at 6 months, 
96.6% at 12 months, and 90.5% at 36 months. Among ICM patients with AF detected, the median time to AF detection 
was 8.4 months, 81.0% of first AF episodes were asymptomatic, and 94.9% had at least 1 day with >6 minutes of AF.

Conclusions—Three-year monitoring by ICM in cryptogenic stroke patients demonstrated a significantly higher AF 
detection rate compared with routine care. Given the frequency of asymptomatic first episodes and the long median time 
to detection, these findings highlight the limitations of using traditional AF detection methods. The majority of patients 
with AF were prescribed oral anticoagulation therapy.

Clinical Trial Registration—Clinicaltrials.gov; Unique identifier: NCT00924638.   
(Circ Arrhythm Electrophysiol. 2016;9:e003333. DOI: 10.1161/CIRCEP.115.003333.)
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To determine whether an initial brief episode of AF was 
predictive of subsequent long duration episodes in patients 
with prior CS/TIA, ICM patients with a device inserted and AF 
detected whose initial episode duration was available (n=36) 
were classified into 2 groups: initial brief episode (<1 hour) and 
initial long episode (≥1 hour). Patients with initially brief AF 
episodes (n=18) had a median episode duration of 4 minutes 
(quartiles: 2–8 minutes), whereas for patients with initially long 
AF episodes (n=18), the median duration was 9.3 hours (quar-
tiles: 4.3–18.7 hours). Among patients with initially brief AF 
episodes, 10 (55.6%) experienced only subsequent brief epi-
sodes, whereas 8 (44.4%) went on to experience at least one AF 
episode lasting >1 hour. In these 8 patients, the median duration 
for long episodes was 2 hours (quartiles: 1.4–2.8 hours), and 
the median period between the initial brief episode and the first 
long AF episode was 75 days (quartiles: 27–624 days).

OAC Therapy Utilization
Among patients in the ICM arm, OAC therapy was prescribed 
in 94.7%, 96.6%, 92.3%, and 90.5% of patients with AF 
detected at 6 months (n=19), 12 months (n=29), 24 months 
(n=39), and 36 months (n=42), respectively. The timing of 
these prescriptions (n=38) was within the first 30 days after 
the initial AF episode for 78.9% of patients and after 30 days 
for 21.1%. When the duration of AF episodes was considered 
(n=36), we observed a significant difference in OAC therapy: 
all patients with at least one long AF episode (n=26) were 
prescribed with OAC therapy compared with 70% of patients 
with only brief episodes (7 patients out of 10; P=0.017). Over-
all, the rate of OAC therapy usage at 36 months was 38.5% 
among all patients in the ICM arm compared with 8.3% in the 
control group (P=0.020; Table 3).

During the 3 years of follow-up, recurrent stroke or TIA 
occurred in 20 patients in the ICM group and 24 patients in 
the control group.

Subgroup Analysis
At 36 months, the higher rate of AF detection with ICM com-
pared with conventional follow-up was consistent across all pre-
specified subgroups, with no significant interactions (Figure 4). 

The results of this subgroup analysis at 36 months were consis-
tent with those at 6 and 12 months reported previously.10

Safety
At 36 months, 5 (2.4%) of the 208 ICMs that were initially 
inserted had been removed owing to infection at the insertion 
site or to pocket erosion. The most common adverse events 
associated with the ICM were infection (3 patients [1.4%]), 
pain (3 patients [1.4%]), and irritation or inflammation (4 
patients [1.9%]) at the insertion site.10

Discussion
Current guidelines recommend prolonged monitoring (≈30 
days) within 6 months of a CS (Class IIa; level of evidence 
C).30 However, our results strongly support the use of an ICM 
strategy in CS patients for the detection of AF for longer peri-
ods of time. Continuous monitoring over 36 months showed 
that AF detection rates increased with time in patients with 
prior CS or TIA, and we found an 8-fold increase in ICM-
detected AF by 36 months (30.0%) compared with 1 month 
(3.7%). In contrast, the AF detection rate using conventional 
follow-up was only 3.0% at 36 months. The increased AF 
detection rate in the ICM arm resulted in a higher percentage 
of patients being prescribed OAC therapy for stroke preven-
tion compared with the control arm. Additionally, given that 
over a 36-month follow-up period, the median time to first AF 
detection in the ICM arm was >8 months and that most initial 
events were asymptomatic (81%), it would have been unlikely 

Figure 2. Time to first detection of atrial fibrillation 
by 36 months. AF indicates atrial fibrillation; and 
ICM, insertable cardiac monitor. Reprinted from 
Sanna et al10 with permission from Massachusetts 
Medical Society Copyright. Copyright ©2014, Mas-
sachusetts Medical Society.

Table 2. Short-Term Monitoring Tests Performed to Detect AF 
in the Control Arm

Follow-Up Period ECGs
Holter 

Monitors Event Recorders
Incremental Patients 

Found With AF

0–12 mo 122 32 1 4

12–24 mo 62 14 0 1

24–36 mo 19 6 0 0

Total 203 52 1 5

AF indicates atrial fibrillation; and ECG, electrocardiogram.
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to detect AF using short-term monitoring with traditional or 
outpatient methods in an important proportion of subjects. 
In particular, the 1-month detection rates in our study were 
only 0.5% and 3.7% for the control and ICM arms, respec-
tively. Our results are in line with other studies showing that 
extended cardiac monitoring in CS patients is associated with 
an increased rate of anticoagulant prescription to manage pre-
viously undetected AF.15,19–21,31

The 30.0% detection rate at 36 months in our CS popula-
tion was comparable to those previously reported, although 
patient follow-up was around 1 year in those studies (range 
of AF detected: 25.5%–33.7%).20,22,31 The reasons for having 
lower detection rates at shorter follow-up periods compared 
with others are likely related to the comprehensive assessment 
required before the diagnosis of CS, the duration of AF used 
to define episodes, and differences in baseline characteristics 
associated with AF, including younger age and a lower preva-
lence of hypertension.10,27

The relevance of detecting AF many months after the index 
CS is still unclear. Studies performed in patients with cardiac 
implanted electronic devices have shown that their stroke risk 
is significantly increased in the presence of device-detected 
atrial arrhythmias, despite the lack of a close temporal rela-
tionship between the detected arrhythmia and occurrence 
of stroke.32–34 Although we are unable to discern whether 
the ICM detected incident or prevalent AF, these patients 
have CHADS2 and CHA2DS2-VASC scores of at least 2 and, 
therefore, are indicated for OAC therapy upon AF detection, 

regardless of its relationship to the index event.35 Preventive 
therapies are usually directed at identifiable causes of future 
stroke. Importantly, the effectiveness of a preventive therapy 
does not prove that the target of that therapy caused the index 
stroke. Rather, it proves that the intervention addressed a risk 
factor for future stroke.

Our rationale for classifying the length of AF events based 
on 1 hour, instead of a lower threshold, was to obtain a bal-
anced distribution between both categories. Additionally, the 
SOS AF analysis showed that 1 hour was associated with the 
highest hazard ratio for ischemic stroke.26 Duration of AF 
episodes influenced physicians’ decision to prescribe OAC 
therapy for stroke prevention: 100% of patients with at least 
one long AF episode (≥1 hour) received OAC compared with 
70% of patients with only brief episodes (<1 hour). Moreover, 
we observed that the duration of AF episodes increased over 
time. Although initial AF episodes were equally likely to be of 
short or long duration, nearly half of CS patients with initially 
brief episodes subsequently had long episodes detected later 
via prolonged ICM monitoring. This may suggest that short 
AF episodes merit more prolonged AF monitoring because AF 
is a progressive disease and longer episodes were perceived as 
more serious by physicians, and these patients were more likely 
to receive OAC therapy. However, because of the small size of 
these strata, more data are needed to answer this question.

Fewer patients had a recurrent stroke or TIA in the ICM 
group compared with the control group. However, the study 
is underpowered for this end point, and we did not investigate 

Figure 3. Distribution of maximum AF burden in 1 
day at different thresholds and throughout the study 
(36-month follow-up). AF indicates atrial fibrillation.

Table 3. Use of Oral Anti-Coagulation Therapy by Follow-Up Visit

Follow-Up Visit

% On OAC (Sample Size N) Difference [ICM−Control]  
(95% CI)

P Value (Fisher’s  
Exact Test)ICM Control

6 Months 10.1% (208) 4.6% (197) 5.5% (0.5%-10.6%) 0.0375

12 Months 14.7% (197) 5.9% (185) 8.8% (2.8%-14.8%) 0.0069

24 Months 26.1% (88) 5.6% (89) 20.5% (10.2%-30.9%) 0.0002

36 Months 38.5% (26) 8.3% (24) 30.1% (8.4%-51.8%) 0.0195

CI indicates confidence interval; ICM, insertable cardiac monitor; and OAC, oral anticoagulation.
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To determine whether an initial brief episode of AF was 
predictive of subsequent long duration episodes in patients 
with prior CS/TIA, ICM patients with a device inserted and AF 
detected whose initial episode duration was available (n=36) 
were classified into 2 groups: initial brief episode (<1 hour) and 
initial long episode (≥1 hour). Patients with initially brief AF 
episodes (n=18) had a median episode duration of 4 minutes 
(quartiles: 2–8 minutes), whereas for patients with initially long 
AF episodes (n=18), the median duration was 9.3 hours (quar-
tiles: 4.3–18.7 hours). Among patients with initially brief AF 
episodes, 10 (55.6%) experienced only subsequent brief epi-
sodes, whereas 8 (44.4%) went on to experience at least one AF 
episode lasting >1 hour. In these 8 patients, the median duration 
for long episodes was 2 hours (quartiles: 1.4–2.8 hours), and 
the median period between the initial brief episode and the first 
long AF episode was 75 days (quartiles: 27–624 days).

OAC Therapy Utilization
Among patients in the ICM arm, OAC therapy was prescribed 
in 94.7%, 96.6%, 92.3%, and 90.5% of patients with AF 
detected at 6 months (n=19), 12 months (n=29), 24 months 
(n=39), and 36 months (n=42), respectively. The timing of 
these prescriptions (n=38) was within the first 30 days after 
the initial AF episode for 78.9% of patients and after 30 days 
for 21.1%. When the duration of AF episodes was considered 
(n=36), we observed a significant difference in OAC therapy: 
all patients with at least one long AF episode (n=26) were 
prescribed with OAC therapy compared with 70% of patients 
with only brief episodes (7 patients out of 10; P=0.017). Over-
all, the rate of OAC therapy usage at 36 months was 38.5% 
among all patients in the ICM arm compared with 8.3% in the 
control group (P=0.020; Table 3).

During the 3 years of follow-up, recurrent stroke or TIA 
occurred in 20 patients in the ICM group and 24 patients in 
the control group.

Subgroup Analysis
At 36 months, the higher rate of AF detection with ICM com-
pared with conventional follow-up was consistent across all pre-
specified subgroups, with no significant interactions (Figure 4). 

The results of this subgroup analysis at 36 months were consis-
tent with those at 6 and 12 months reported previously.10

Safety
At 36 months, 5 (2.4%) of the 208 ICMs that were initially 
inserted had been removed owing to infection at the insertion 
site or to pocket erosion. The most common adverse events 
associated with the ICM were infection (3 patients [1.4%]), 
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Discussion
Current guidelines recommend prolonged monitoring (≈30 
days) within 6 months of a CS (Class IIa; level of evidence 
C).30 However, our results strongly support the use of an ICM 
strategy in CS patients for the detection of AF for longer peri-
ods of time. Continuous monitoring over 36 months showed 
that AF detection rates increased with time in patients with 
prior CS or TIA, and we found an 8-fold increase in ICM-
detected AF by 36 months (30.0%) compared with 1 month 
(3.7%). In contrast, the AF detection rate using conventional 
follow-up was only 3.0% at 36 months. The increased AF 
detection rate in the ICM arm resulted in a higher percentage 
of patients being prescribed OAC therapy for stroke preven-
tion compared with the control arm. Additionally, given that 
over a 36-month follow-up period, the median time to first AF 
detection in the ICM arm was >8 months and that most initial 
events were asymptomatic (81%), it would have been unlikely 

Figure 2. Time to first detection of atrial fibrillation 
by 36 months. AF indicates atrial fibrillation; and 
ICM, insertable cardiac monitor. Reprinted from 
Sanna et al10 with permission from Massachusetts 
Medical Society Copyright. Copyright ©2014, Mas-
sachusetts Medical Society.
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ILR-detected subclinical AF in patients with cryptogenic stroke or TIA
Europace (2019) 21, 1459–1467.
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BACKGROUND
Embolic strokes of undetermined source represent 20% of ischemic strokes and 
are associated with a high rate of recurrence. Anticoagulant treatment with rivar-
oxaban, an oral factor Xa inhibitor, may result in a lower risk of recurrent stroke 
than aspirin.

METHODS
We compared the efficacy and safety of rivaroxaban (at a daily dose of 15 mg) with 
aspirin (at a daily dose of 100 mg) for the prevention of recurrent stroke in patients 
with recent ischemic stroke that was presumed to be from cerebral embolism but 
without arterial stenosis, lacune, or an identified cardioembolic source. The pri-
mary efficacy outcome was the first recurrence of ischemic or hemorrhagic stroke 
or systemic embolism in a time-to-event analysis; the primary safety outcome was 
the rate of major bleeding.

RESULTS
A total of 7213 participants were enrolled at 459 sites; 3609 patients were ran-
domly assigned to receive rivaroxaban and 3604 to receive aspirin. Patients had 
been followed for a median of 11 months when the trial was terminated early 
because of a lack of benefit with regard to stroke risk and because of bleeding 
associated with rivaroxaban. The primary efficacy outcome occurred in 172 pa-
tients in the rivaroxaban group (annualized rate, 5.1%) and in 160 in the aspirin 
group (annualized rate, 4.8%) (hazard ratio, 1.07; 95% confidence interval [CI], 
0.87 to 1.33; P = 0.52). Recurrent ischemic stroke occurred in 158 patients in the 
rivaroxaban group (annualized rate, 4.7%) and in 156 in the aspirin group (an-
nualized rate, 4.7%). Major bleeding occurred in 62 patients in the rivaroxaban 
group (annualized rate, 1.8%) and in 23 in the aspirin group (annualized rate, 
0.7%) (hazard ratio, 2.72; 95% CI, 1.68 to 4.39; P<0.001).

CONCLUSIONS
Rivaroxaban was not superior to aspirin with regard to the prevention of recurrent 
stroke after an initial embolic stroke of undetermined source and was associated 
with a higher risk of bleeding. (Funded by Bayer and Janssen Research and Devel-
opment; NAVIGATE ESUS ClinicalTrials.gov number, NCT02313909.)
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BACKGROUND
Cryptogenic strokes constitute 20 to 30% of ischemic strokes, and most crypto-
genic strokes are considered to be embolic and of undetermined source. An ear-
lier randomized trial showed that rivaroxaban is no more effective than aspirin in 
preventing recurrent stroke after a presumed embolic stroke from an undeter-
mined source. Whether dabigatran would be effective in preventing recurrent 
strokes after this type of stroke was unclear.

METHODS
We conducted a multicenter, randomized, double-blind trial of dabigatran at a dose 
of 150 mg or 110 mg twice daily as compared with aspirin at a dose of 100 mg once 
daily in patients who had had an embolic stroke of undetermined source. The 
primary outcome was recurrent stroke. The primary safety outcome was major 
bleeding.

RESULTS
A total of 5390 patients were enrolled at 564 sites and were randomly assigned to 
receive dabigatran (2695 patients) or aspirin (2695 patients). During a median 
follow-up of 19 months, recurrent strokes occurred in 177 patients (6.6%) in the 
dabigatran group (4.1% per year) and in 207 patients (7.7%) in the aspirin group 
(4.8% per year) (hazard ratio, 0.85; 95% confidence interval [CI], 0.69 to 1.03; 
P = 0.10). Ischemic strokes occurred in 172 patients (4.0% per year) and 203 pa-
tients (4.7% per year), respectively (hazard ratio, 0.84; 95% CI, 0.68 to 1.03). Major 
bleeding occurred in 77 patients (1.7% per year) in the dabigatran group and in 
64 patients (1.4% per year) in the aspirin group (hazard ratio, 1.19; 95% CI, 0.85 
to 1.66). Clinically relevant nonmajor bleeding occurred in 70 patients (1.6% per 
year) and 41 patients (0.9% per year), respectively.

CONCLUSIONS
In patients with a recent history of embolic stroke of undetermined source, dabi-
gatran was not superior to aspirin in preventing recurrent stroke. The incidence of 
major bleeding was not greater in the dabigatran group than in the aspirin group, 
but there were more clinically relevant nonmajor bleeding events in the dabigatran 
group. (Funded by Boehringer Ingelheim; RE-SPECT ESUS ClinicalTrials.gov number, 
NCT02239120.)
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Safety Outcomes
Major bleeding occurred in 62 patients in the 
rivaroxaban group (annualized rate, 1.8%), as 
compared with 23 in the aspirin group (annual-
ized rate, 0.7%) (hazard ratio, 2.72; 95% CI, 1.68 
to 4.39; P<0.001) (Table 3 and Fig. 1B). The rate 
of life-threatening or fatal bleeding was signifi-
cantly higher in the rivaroxaban group than in 
the aspirin group (hazard ratio, 2.34; 95% CI, 
1.28 to 4.29; P = 0.004), as were the rates of 
symptomatic intracranial hemorrhage (hazard 
ratio, 4.02; 95% CI, 1.51 to 10.7; P = 0.003) and 
clinically relevant nonmajor bleeding (hazard 
ratio, 1.51; 95% CI, 1.13 to 2.00; P = 0.004) (Ta-
ble 3). Safety outcomes regarding first unrefuted 
events that occurred between randomization and 
2 days after receipt of the last dose of trial 
medication are provided in Table S2 in the Sup-
plementary Appendix.

Discussion

Treatment with rivaroxaban did not result in a 
lower rate of stroke recurrence than aspirin 
among patients with recent ischemic stroke who 
had met criteria for an embolic stroke of undeter-
mined source. Rivaroxaban was also not found 
to have a benefit with regard to the secondary 
efficacy outcomes in this population of patients. 
The risk of recurrent ischemic stroke was approxi-
mately 5% per year in each treatment group.

The incidence of major bleeding was 1.1 per-
centage points per year higher among patients 
in the rivaroxaban group than among those in 
the aspirin group. The rate of intracerebral hem-
orrhage, the most serious category of major 
hemorrhage relevant to stroke, was 0.3% per year 
in the rivaroxaban group versus 0.1% per year in 
the aspirin group. The rate of intracerebral hem-
orrhage among patients in the aspirin group in 
this trial was lower than rates in previously re-
ported cohorts of patients with ischemic stroke.10

All the patients underwent cardiac rhythm 
monitoring for at least 20 hours before random-
ization to screen for covert paroxysmal atrial 
fibrillation lasting 6 minutes or longer. Atrial 
fibrillation was identified during follow-up in 
3% of the patients, at a median of 5 months 
after entry, although systematic screening for 
arrhythmia was not undertaken during the trial 
period. A previous prospective study with con-

tinuous cardiac rhythm monitoring showed that 
12% of patients with cryptogenic stroke had un-
diagnosed atrial fibrillation, often of short dura-
tion.11 Rivaroxaban, including the 15-mg daily 
dose that was used in the current trial, has been 
effective for the prevention of recurrent stroke in 
patients with atrial fibrillation,12-14 and the ab-
sence of an observed lower rate of recurrent 

Figure 1. Cumulative Incidence of the Primary Efficacy Outcome  
and the Primary Safety Outcome, According to Treatment Assignment.

Panel A shows the Kaplan–Meier curves for the time to the first event of the 
primary efficacy outcome, defined as the recurrence of ischemic or hemor-
rhagic stroke or systemic embolism. Panel B shows the Kaplan–Meier curves 
for the time to the first primary safety outcome of major bleeding. Insets 
show the same data on an enlarged y axis.
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the dabigatran group (a rate of 4.8% per year) 
and in 232 patients (8.6%) in the aspirin group 
(a rate of 5.4% per year) (hazard ratio, 0.88; 95% 

CI, 0.73 to 1.06). Hemorrhagic strokes occurred 
in 6 patients (0.2%) in the dabigatran group (a rate 
of 0.1% per year) and in 7 patients (0.3%) in the 

Figure 2. Kaplan–Meier Curves for First Recurrent Stroke and First Major Bleeding Episode.

The inset in each panel shows the same data on an enlarged y axis.
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Key studies examining the utility of monitoring for the detection of previously undetected AF
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these studies suffered from three biases that may have tempered this
conclusion. First, the temporal association was assessed in a mixed
cohort of patients with and without subclinical AF rather than restricting the
analysis to patients with documented subclinical AF. Nearly half of all
strokes occurred in patients who never had subclinical AF and were
included in the analysis of the individual studies. Second, there was no
adjudication to cardioembolic and non-cardioembolic stroke in all studies.
The pathogenesis of stroke is multifactorial in high-risk patients with
AF.29 Atherosclerotic plaques in ascending and transverse aorta are
frequently reported in high-risk patients with AF and are potential
source of non-cardioembolic ischaemic stroke.29 The available litera-
ture suggests that cardio-embolism represents only 73% of classifi-
able ischaemic strokes in patients with AF.30 Finally, a sizable
proportion received anticoagulation at physician discretion in all stud-
ies included in the current meta-analysis. Ischaemic strokes in antico-
agulated AF patients are more likely to be non-cardioembolic.30

Anticoagulation has been demonstrated to reduce the proportion of
cardioembolic stroke from 66% to 16% in patients with clinical AF.31

The SPAF III substudy has demonstrated a similar reversal of propor-
tion of cardioembolic to non-cardioembolic ischaemic strokes
with anticoagulation in patients with clinical AF.30 The current
meta-analysis excluded patients with stroke who never had docu-
mented subclinical AF. Despite this exclusion, only 17% of strokes
occurred during an episode of AF. Furthermore, 29% of all strokes in
patients with subclinical AF had AHRE in the preceding 30 days of
stroke. The lack of adjudication (proportion of strokes non-
cardioembolic) and discretionary anticoagulation (ischaemic strokes
more likely to be non-cardioembolic) could potentially account for
the temporal dissociation noted in several studies. A recent case-
crossover analysis has also confirmed acute increase in risk of ischae-
mic stroke with device-detected AF in a large cohort of patients with
CIEDs.32 This risk was transient, dissipating weeks after the end of
the AF episode.

Limitations
The meta-analysis was performed utilizing observational studies that
demonstrated different AF duration cut-off for elevated stroke risk
and does not attempt to provide a single cut-off for AF duration/bur-
den for stroke risk. Furthermore, there is a potential for publication
bias as were unable to assess this specifically due to limited study num-
bers. Nevertheless, the meta-analysis shows homogeneity of the ele-
vated stroke risk with subclinical AF and allows calculation of absolute
stroke risk in patients with subclinical AF. The risk of stroke could be
underestimated due to the anticoagulation at physician discretion.

Conclusion

Subclinical AF is frequent in patients with CIEDs and is strongly asso-
ciated with clinical AF. The stroke risk with subclinical AF is low as
compared to clinical AF and could potentially represent smaller bur-
den. Further research is required to define the role of AF burden in
stroke risk.

Supplementary material

Supplementary material is available at European Heart Journal online.
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Take home figure Demonstrates the incidence and positive predictive value of atrial high rates episodes, association with clinical AF and dura-
tion of AHRE associated with elevated stroke risk. It also shows the comparison of stroke risk in subclinical atrial fibrillation to original hospitalized
NRAF cohort and more contemporary ATRIA cohort. The absolute stroke risk in subclinical atrial fibrillation (CHADS2 score = 2) is well-above
accepted current threshold of 1% for anticoagulation for stroke prevention (dotted line).
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Aims To determine stroke risk in subclinical atrial fibrillation (AF) and temporal association between subclinical AF and
stroke.

...................................................................................................................................................................................................
Methods
and results

Pubmed/Embase was searched for studies reporting stroke in subclinical AF in patients with cardiac implantable
electronic devices (CIEDs). After exclusions, 11 studies were analysed. Of these seven studies reported prevalence
of subclinical AF, two studies reported association between subclinical and clinical AF, seven studies reported
stroke risk in subclinical AF, and five studies reported temporal relationship between subclinical AF and stroke.
Subclinical AF was noted after CIEDs implant in 35% [interquartile range (IQR) 34–42] of unselected patients with
pacing indication over 1–2.5 years. The definition and cut-off duration (for stroke risk) of subclinical AF varied
across studies. Subclinical AF was strongly associated with clinical AF (OR 5.7, 95% CI 4.0–8.0, P < 0.001, I2 = 0%).
The annual stroke rate in patients with subclinical AF > defined cut-off duration was 1.89/100 person-year (95% CI
1.02–3.52) with 2.4-fold (95% CI 1.8–3.3, P < 0.001, I2 = 0%) increased risk of stroke as compared to patients with
subclinical AF < cut-off duration (absolute risk was 0.93/100 person-year). Three studies provided mean CHADS2

score. In these studies, with mean CHADS2 score of 2.1 ± 0.1, subclinical AF was associated with annual stroke
rate of 2.76/100 person-years (95% CI 1.46–5.23). After excluding patients without AF, only 17% strokes occurred in
presence of ongoing AF. Subclinical AF was noted in 29% [IQR 8–57] within 30 days preceding stroke.

...................................................................................................................................................................................................
Conclusion Subclinical AF strongly predicts clinical AF and is associated with elevated absolute stroke risk albeit lower than

risk described for clinical AF.
! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

Keywords Atrial fibrillation • Subclinical AF • AHRE • Device-detected AF • Stroke

Introduction

Atrial fibrillation (AF) is the most common clinical arrhythmia with an
estimated lifetime risk of one in four after 40 years of age.1 Atrial
fibrillation is associated with a two-fold increase in mortality
with stroke being the most devastating complication. The risk of
AF-related stroke rises from 1.5% annually in the 6th decade to 24%

annually in the 9th decade.2 Overall, non-valvular AF is associated
with five-fold greater risk of stroke even after adjusting for other
stroke risk factors.2 Only anticoagulation has been demonstrated to
reduce AF-related mortality. Recently, asymptomatic AF has been
detected in patients with cardiac implantable electronic devices
(CIEDs) and termed as ‘subclinical’ or ‘device-detected AF’. At
present, the significance of asymptomatic short episodes of
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Background ASSERT demonstrated that subclinical atrial fibrillation (SCAF) is common in pacemaker patients without prior AF
and is associated with increased risk of ischemic stroke or systemic embolism. SCAF episodes vary in duration and
little is known about the incidence of different durations of SCAF, or their prognosis.

...................................................................................................................................................................................................
Methods
and results

ASSERT followed 2580 patients receiving a pacemaker or ICD, aged >65 years with hypertension, without prior
AF. The effect of SCAF duration on subsequent risk of ischemic stroke or embolism was evaluated with time-
dependent covariate Cox models. Patients in whom the longest SCAF was <_6 min were excluded from the analysis
(n=125). Among 2455 patients during mean follow-up of 2.5 years, the longest single episode of SCAF lasted
>6 min to 6 h in 462 patients (18.8%), >6–24 h in 169 (6.9%), and >24 h in 262 (10.7%). SCAF duration >24 h was
associated with a significant increased risk of subsequent stroke or systemic embolism (adjusted hazard ratio [HR]
3.24, 95% confidence interval [CI] 1.51–6.95, P=0.003). The risk of ischemic stroke or systemic embolism in
patients with SCAF between 6 min and 24 h was not significantly different from patients without SCAF.

...................................................................................................................................................................................................
Conclusions SCAF >24 h is associated with an increased risk of ischemic stroke or systemic embolism.

! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

Introduction

Atrial fibrillation (AF) is associated with an increased risk of
stroke, heart failure, and mortality.1,2 AF often manifests as a pro-
gressive disease defined as paroxysmal, self-terminating AF pro-
ceeding into persistent and finally permanent AF.3–14 Recent data
suggest that duration of clinical AF may be important prognostic-
ally; e.g. it has been reported that permanent AF is independently
associated with increased risk of stroke compared with paroxys-
mal AF.15–17

There are now data linking subclinical AF (SCAF), detected by long-
term continuous monitoring with pacemakers, and the risk of stroke
and systemic embolism.18–20 The Asymptomatic Atrial Fibrillation and

Stroke Evaluation in Pacemaker Patients and the Atrial Fibrillation
Reduction Atrial Pacing Trial (ASSERT) study included older patients
with a pacemaker or internal cardioverter defibrillator (ICD) without
prior documented AF.21,22 The pre-specified study outcome of the
ASSERT, SCAF >6 min, was independently associated with a 2.5-fold
increase in the risk of ischemic stroke and systemic embolism. An ex-
ploratory analysis of a similar study, TRENDS, suggested that an AF
burden lasting more than 5.5 h was associated with double risk on em-
bolic events.19 However, the absolute risk of stroke in patients with
SCAF in the ASSERT trial was only 1.7% per year, a rate that appears
lower than usually reported in patients with clinical AF.15,23

In the present analysis, we assess the incidence of different dur-
ations of SCAF and we aimed to determine whether longer durations

* Corresponding author. Tel: þ31 50 3611327, Fax: þ31 50 3614391, Email: i.c.van.gelder@umcg.nl
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Background ASSERT demonstrated that subclinical atrial fibrillation (SCAF) is common in pacemaker patients without prior AF
and is associated with increased risk of ischemic stroke or systemic embolism. SCAF episodes vary in duration and
little is known about the incidence of different durations of SCAF, or their prognosis.
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Methods
and results

ASSERT followed 2580 patients receiving a pacemaker or ICD, aged >65 years with hypertension, without prior
AF. The effect of SCAF duration on subsequent risk of ischemic stroke or embolism was evaluated with time-
dependent covariate Cox models. Patients in whom the longest SCAF was <_6 min were excluded from the analysis
(n=125). Among 2455 patients during mean follow-up of 2.5 years, the longest single episode of SCAF lasted
>6 min to 6 h in 462 patients (18.8%), >6–24 h in 169 (6.9%), and >24 h in 262 (10.7%). SCAF duration >24 h was
associated with a significant increased risk of subsequent stroke or systemic embolism (adjusted hazard ratio [HR]
3.24, 95% confidence interval [CI] 1.51–6.95, P=0.003). The risk of ischemic stroke or systemic embolism in
patients with SCAF between 6 min and 24 h was not significantly different from patients without SCAF.
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Conclusions SCAF >24 h is associated with an increased risk of ischemic stroke or systemic embolism.
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Introduction

Atrial fibrillation (AF) is associated with an increased risk of stroke,
heart failure, and mortality.1,2 AF often manifests as a progressive
disease defined as paroxysmal, self-terminating AF proceeding into
persistent and finally permanent AF.3–14 Recent data suggest that
duration of clinical AF may be important prognostically; e.g. it has
been reported that permanent AF is independently associated with
increased risk of stroke compared with paroxysmal AF.15–17

There are now data linking subclinical AF (SCAF), detected by long-
term continuous monitoring with pacemakers, and the risk of stroke
and systemic embolism.18–20 The Asymptomatic Atrial Fibrillation

and Stroke Evaluation in Pacemaker Patients and the Atrial
Fibrillation Reduction Atrial Pacing Trial (ASSERT) study included
older patients with a pacemaker or internal cardioverter defibrillator
(ICD) without prior documented AF.21,22 The pre-specified study out-
come of the ASSERT, SCAF >6 min, was independently associated
with a 2.5-fold increase in the risk of ischemic stroke and systemic
embolism. An exploratory analysis of a similar study, TRENDS, sug-
gested that an AF burden lasting more than 5.5 h was associated with
double risk on embolic events.19 However, the absolute risk of
stroke in patients with SCAF in the ASSERT trial was only 1.7% per
year, a rate that appears lower than usually reported in patients with
clinical AF.15,23
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Background ASSERT demonstrated that subclinical atrial fibrillation (SCAF) is common in pacemaker patients without prior AF
and is associated with increased risk of ischemic stroke or systemic embolism. SCAF episodes vary in duration and
little is known about the incidence of different durations of SCAF, or their prognosis.
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Methods
and results

ASSERT followed 2580 patients receiving a pacemaker or ICD, aged >65 years with hypertension, without prior
AF. The effect of SCAF duration on subsequent risk of ischemic stroke or embolism was evaluated with time-
dependent covariate Cox models. Patients in whom the longest SCAF was <_6 min were excluded from the analysis
(n=125). Among 2455 patients during mean follow-up of 2.5 years, the longest single episode of SCAF lasted
>6 min to 6 h in 462 patients (18.8%), >6–24 h in 169 (6.9%), and >24 h in 262 (10.7%). SCAF duration >24 h was
associated with a significant increased risk of subsequent stroke or systemic embolism (adjusted hazard ratio [HR]
3.24, 95% confidence interval [CI] 1.51–6.95, P=0.003). The risk of ischemic stroke or systemic embolism in
patients with SCAF between 6 min and 24 h was not significantly different from patients without SCAF.

...................................................................................................................................................................................................
Conclusions SCAF >24 h is associated with an increased risk of ischemic stroke or systemic embolism.
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Introduction

Atrial fibrillation (AF) is associated with an increased risk of stroke,
heart failure, and mortality.1,2 AF often manifests as a progressive
disease defined as paroxysmal, self-terminating AF proceeding into
persistent and finally permanent AF.3–14 Recent data suggest that
duration of clinical AF may be important prognostically; e.g. it has
been reported that permanent AF is independently associated with
increased risk of stroke compared with paroxysmal AF.15–17

There are now data linking subclinical AF (SCAF), detected by long-
term continuous monitoring with pacemakers, and the risk of stroke
and systemic embolism.18–20 The Asymptomatic Atrial Fibrillation

and Stroke Evaluation in Pacemaker Patients and the Atrial
Fibrillation Reduction Atrial Pacing Trial (ASSERT) study included
older patients with a pacemaker or internal cardioverter defibrillator
(ICD) without prior documented AF.21,22 The pre-specified study out-
come of the ASSERT, SCAF >6 min, was independently associated
with a 2.5-fold increase in the risk of ischemic stroke and systemic
embolism. An exploratory analysis of a similar study, TRENDS, sug-
gested that an AF burden lasting more than 5.5 h was associated with
double risk on embolic events.19 However, the absolute risk of
stroke in patients with SCAF in the ASSERT trial was only 1.7% per
year, a rate that appears lower than usually reported in patients with
clinical AF.15,23
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310 (8.7%) patients with SCAF lasting >6 min–6 h during the first year
who developed an episode lasting >24 h and 33 of 105 patients (31%)
patients with SCAF >6–24 h who developed SCAF >24 h (Table 2).

Association between SCAF duration and
clinical outcomes
Time-dependent Cox regression analysis was used to assess the
effect of duration of SCAF on the primary outcome. In the

primary analysis, SCAF duration was considered to have a long-
term effect on risk of the primary outcome. Patient follow up
occurring after occurrence of SCAF >24 h was associated with an
increased risk of the primary outcome compared to patient follow
up time without (or prior to) any SCAF (adjusted HR 3.24, 95%
CI 1.51–6.95, P=0.003, Table 3 [Panel A], Summarizing Figure, Figure
2). Patient follow up occurring after SCAF >6min–6h and >6–24h
was not associated with increased risk of the primary outcome
compared to patients follow up time without any SCAF. A com-
parison between SCAF groups showed a significant higher risk of
the primary outcome associated with SCAF >24 h compared to
SCAF >6 min–6 h (P-value=0.009).

Two sensitivity analyses, one by adjusting OAC use and the other
including 125 patients with a longest SCAF duration <6 min yielded
similar results (see Supplementary material online, Tables SA and SB).
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Figure 1 Kaplan–Meier estimates of cumulative incidence of
SCAF >6 min, >6 h, and >24 h.

....................................................................................................................................................................................................................

Table 1 Baseline characteristics according to the longest duration of SCAF

No SCAF

(N51562)

SCAF >6 min–6 h

(N5462)

SCAF >6 h—24 h

(N5169)

SCAF >24 h

(N5262)

Age (years), mean ± SD 76.0 ± 6.7 76.9 ± 6.5 76.2 ± 6.9 77.2 ± 7.0

Male, n (%) 887 (56.8) 254 (55.0) 104 (61.5) 183 (69.8)

Systolic blood pressure (sitting, mmHg), mean ± SD 137.8 ± 19.4 139.0 ± 19.5 139.5 ± 19.8 136.3 ± 19.1

Heart rate (bpm), mean ± SD 70.0 ± 11.7 70.1 ± 12.0 68.7 ± 10.3 67.7 ± 11.2

BMI (kg/m2), mean ± SD 27.3 ± 4.8 27.5 ± 4.9 27.4 ± 5.2 28.3 ± 5.0

Prior stroke, n (%) 116 (7.4) 30 (6.5) 15 (8.9) 16 (6.1)

Prior TIA, n (%) 77 (4.9) 21 (4.5) 9 (5.3) 13 (5.0)

History heart failure, n (%) 222 (14.2) 70 (15.2) 27 (16.0) 43 (16.4)

Diabetes mellitus, n (%) 470 (30.1) 110 (23.8) 48 (28.4) 77 (29.4)

Prior MI, n (%) 300 (19.2) 68 (14.7) 30 (17.8) 48 (18.3)

CHADS2 score, mean ± SD 2.3 ± 1.0 2.2 ± 1.0 2.3 ± 1.0 2.3 ± 1.0

CHA2DS2-VASc score, mean ± SD 4.0 ± 1.3 3.9 ± 1.3 4.0 ± 1.4 4.0 ± 1.2

Sinus node disease with or without atrioventricular-node disease, n (%) 668 (42.8) 194 (42.0) 74 (43.8) 120 (45.8)

Atrioventricular node disease without sinus-node disease, n (%) 776 (49.7) 240 (51.9) 87 (51.5) 129 (49.2)

Atrial lead septal position, n (%) 66 (4.2) 25 (5.4) 3 (1.8) 10 (3.8)

Duration hypertension >10 years, n (%) 629 (40.3) 208 (45.0) 72 (42.6) 119 (45.4)

Aspirin, n (%) 987 (63.2) 267 (57.8) 102 (60.4) 168 (64.1)

Beta-blocker, n (%) 599 (38.3) 138 (29.9) 67 (39.6) 104 (39.7)

Statin, n (%) 773 (49.5) 200 (43.3) 87 (51.5) 124 (47.3)

BMI, body mass index; MI, myocardial infarction; TIA, transient ischemic attack.

.................................................................................................

Table 2 Number of patients in respective groups de-
veloping SCAF >24 h after first year of follow-up

AF duration
within 1st year

No. of
patients

No. of patients
with >24 h SCAF

after 1 year

Percentage

No SCAF 1811 67 3.70

>6 min–6 h 310 27 8.71

>6 h–24 h 105 33 31.43

>24 h 129 71 55.04
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The time-dependent analysis of SCAF with effect duration <_30 days
showed that the association between SCAF >24 h and stroke was
qualitatively similar but no longer significant (Table 3 [Panel B]).

A conditional landmark analysis in which 100 patients with <1
year follow-up were excluded assessed the relationship between
duration of SCAF occurring between baseline and the 12-month
visit, and the risk of the primary outcome subsequent to the 12-
month visit. The 129 patients who developed SCAF >24h showed
a significantly higher risk of subsequent stroke or systemic embol-
ism compared with those not experiencing SCAF in the first year
(3.1 vs. 0.5%/year, adjusted HR 5.37, 95% CI 2.08–13.87, P<0.001,
Table 4). Other durations of SCAF were not associated with an
increased risk.

Discussion

This analysis extends data of ASSERT with several new findings. First,
we now report data on incidence of different durations of SCAF.
During a follow-up of 2.5 years longest episodes of SCAF lasting >6–24
h occurred in 7% of patients and episodes lasting >24 h in 11% of pa-
tients. Further, and most importantly, we now show that patients with
SCAF >24 h had a significantly higher subsequent risk of ischemic stroke
or systemic embolism (absolute risk 3.1% per year, comparable to the
risk of clinical AF) as compared to patients with no SCAF, while the risk
of stroke and systemic embolism in patients with SCAF of shorter dur-
ation was not significantly different from patients without SCAF.

Clinical AF is associated with an increased stroke risk and other
vascular events like myocardial infarction and heart failure. A recent
analysis showed that baseline AF was associated with a 31% higher
risk of any vascular event (HR 1.31, 95% CI 1.28-1.34) and a 89%
higher risk of a fatal vascular event.26 Several studies have reported
an increased risk of embolic events with device-detected atrial ar-
rhythmias.18–20 A retrospective analysis of 312 patients from the
MOde Selection Trial showed that the risk of death or stroke was
increased by a factor of 2.5 in patients who had at least one episode
of high atrial rate lasting >5 min.18 An exploratory analysis of data on
2480 patients with a pacemaker or ICD suggested that the risk of
thromboembolic complications was a quantitative function of AF
burden. An AF burden >5.5 h in a 30-day window was associated
with double the risk of embolic events.19 Capucci et al. showed in
725 patients with a pacemaker and a history of symptomatic AF that
device detected AF > 24 h in addition to stroke risk factors was inde-
pendently associated with embolic events.27 Botto et al. reported in
586 patients with a pacemaker and a history of AF being monitored
for 1 year that AF duration in addition to the CHADS2 score im-
proved risk prediction for thromboembolic events.20 The ASSERT
trial was the only study that included patients without prior clinically
documented AF and with blinded adjudication for the device electro-
grams and events.21,22 The main study outcome showed that the pre-
specified finding of SCAF >6 min was associated with an increase of
the risk of ischemic stroke and peripheral embolism by a factor of

....................................................................... ......................................................................

....................................................................................................................................................................................................................

Table 3 Time-dependent Cox regression analysis of AF duration on risk of ischemic stroke/systemic embolism with
long-term effect (panel A) and short-term effect (panel B)

SCAF duration Unadjusted Adjusteda

Hazard ratiob (95% CI) P-value Hazard ratiob(95% CI) P-value

Panel A

No SCAF 1 – 1 –

>6 min–6 h 0.93 (0.39–2.25) 0.880 0.75 (0.29–1.96) 0.562

>6 h––24 h 1.39 (0.42–4.57) 0.585 1.32 (0.40–4.37) 0.646

>24 h 3.86 (1.91–7.78) <0.001 3.24 (1.51–6.95) 0.003

Panel B

No SCAF 1 – 1 –

>6 min–6 h 0.78 (0.11–5.62) 0.802 0.83 (0.11–6.01) 0.851

>6–24 h 2.43 (0.34–17.65) 0.379 2.54 (0.35–18.55) 0.357

>24 h 5.60 (1.74–18.01) 0.004 3.86 (0.93–15.98) 0.063

aAdjusted for age, sex, BMI, heart failure, prior stroke/transient ischemic attack, diabetes, sinus node disease, peripheral/coronary artery disease.
bReference group are patients with no SCAF.
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Figure 2 Extended Kaplan–Meier curves of ischemic stroke/sys-
temic embolism stratified by time-dependent durations of SCAF
with long-term effect.
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2.5.22 In the main ASSERT manuscript stratification of patients with
SCAF in quartiles revealed that patients with SCAF in the highest
quartile (>17.72 h) had significantly higher stroke rates as compared
to those with shorter episodes of SCAF. Our present analysis, how-
ever, is much more detailed and strong.

The role of AF duration on stroke risk, however, is controver-
sial.18–20,28 Several studies have reported that persistent and perman-
ent AF patients have higher stroke rates as compared with
paroxysmal AF.6,7,10,12 However, it is not possible to be sure that this
is causal and not due to confounders as patients with shorter forms
of AF tend to have fewer other risk factors. SCAF, however, differs
from clinical AF in being often of short duration and often being
asymptomatic. In the trials on the beneficial effects of anticoagulation
in patients with AF only a few patients with SCAF have been included.
At present no data from randomized trials are available to indicate
whether patients with SCAF should receive anticoagulation. The

present data may help to decide whether or not and when to start
anticoagulation, awaiting the results of randomized trials.

The significance is that duration of SCAF appears to play a role in the
risk of stroke or systemic embolism, and that SCAF >24 h may be a
threshold for a higher stroke risk. Yet, it still may be questioned whether
AF is causal or just another associated risk marker.28–31 Several analyses
showed that only a few patients with SCAF-associated embolic events
had evidence of SCAF during the last month prior to their embolic
event.28,29,31 In the present study, patients with longer SCAF also were
more likely to have other stroke risk factors suggesting that confounding
factors, other than SCAF duration, might be responsible for the increased
risk of adverse outcomes. Future studies investigating the association be-
tween duration of SCAF and embolic events are highly desirable.32

Although we assessed so called ‘atrial high rate episodes,’ we use
the term ‘SCAF’. We feel this is justified since all electrocardiograms
were adjudicated implying that all are true atrial tachyarrhythmias.
Indeed these atrial arrhythmias do not only represent AF but also
atrial flutter and tachycardia. Although the data of the risk of stroke in
these patients is limited, they are considered to have comparable risk
of stroke as patients with AF.

Limitations

Limitations include the observational study design, precluding definite
conclusions on cause-effect relations and unmeasured confounding fac-
tors. Further, the results are limited to a group of older patients with
hypertension with a pacemaker or defibrillator. Although the report in-
cludes more patients with SCAF than any single previous prospective
series, the total number of patients and events is small. Unfortunately,
we have no data of AF burden. Nevertheless, we feel that these data im-
portantly contribute to the understanding how AF may influence stroke.

Conclusions

SCAF is common in patients with pacemakers or ICDs and varies in
duration. There is a relationship between duration of SCAF and
stroke risk with a higher risk being associated with longer episodes.

Supplementary material

Supplementary material is available at European Heart Journal online.

............................................... ...............................................

....................................................................................................................................................................................................................

Table 4 Landmark analysis showing ischemic stroke/systemic embolism occurring after 1 year follow-up, according to
SCAF durations between enrollment and 1 year follow-upa

SCAF duration Number
events/patients

Event rate
(%/year)

Unadjusted Adjustedb

Hazard ratio
(95% CI)

P-value Hazard ratio
(95% CI)

P-value

No SCAF 19/1811 0.54 1 – 1 –

>6 min–6 h 7/310 1.14 2.11 (0.89–5.02) 0.091 1.75 (0.69–4.44) 0.242

>6–24 h 2/105 0.95 1.79 (0.42–7.69) 0.433 1.85 (0.43–8.01) 0.413

>24 h 7/129 3.08 5.73 (2.41–13.64) <0.001 5.37 (2.08–13.87) <0.001

aOnly patients with minimum follow up of 1 year included.
bAdjusted for age, sex, BMI, heart failure, prior stroke/transient ischemic attack, diabetes, sinus node disease, peripheral/coronary artery disease.

Summarizing Figure SCAF >24 h is associated with compa-
rable risk of ischemic stroke and systemic embolism as clinical AF. In
this figure the hazard ratio from time dependent Cox model (long
term effect, red) and the risk rate from the landmark analysis (blue)
of ischemic stroke and systemic embolism are depicted.
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of detection of SCAF (>20%) in patients whose left atrial 
diameter is within the normal range.

SCAF of at least 5 minutes’ duration was detected in 
ASSERT-II at a rate 3 times higher than SCAF of only ≥30 
seconds detected in CRYSTAL-AF (Cryptogenic Stroke 
and Underlying Atrial Fibrillation).7 The high rate of de-
tection of SCAF in ASSERT-II raises questions about how 
to interpret the detection of SCAF by means of long-term 
electrocardiographic monitoring of patients with recent 
cryptogenic stroke.7,8 In our study, about half of the pa-
tients had had a prior stroke and half did not, and there 
was not a significant difference between these 2 groups 
in the rate of detection of SCAF. Our study also shows 
that detection of SCAF with long-term monitoring is 
common in older patients with cardiovascular risk factors, 
which indicates that we should be cautious in ascribing 
a causal relation between SCAF and stroke, even when 
SCAF is detected (by long-term monitoring) after recent 
cryptogenic stroke. The hypothesis that anticoagulation is 
of benefit in patients with recent stroke in whom SCAF 
is detected by long-term continuous electrocardiographic 
monitoring should be tested in a randomized clinical trial.

It is difficult to directly compare the rates of SCAF 
between recent studies because of differences in the 
definition of the minimum duration of SCAF, which was 
30 seconds in CRYSTAL-AF7 and EMBRACE (30-Day 
Cardiac Event Monitor Belt for Recording Atrial Fibrilla-
tion After a Cerebral Ischemic Event)8 and 5 minutes in 
ASSERT-II. Nonetheless, the rate in CRYSTAL-AF (12.4% 
at 12 months) appears to be lower than in EMBRACE 
(16.1% at 90 days) and even lower than in the pres-
ent study (31.0% at 12 months). These differences 
may be explained in part by the differences in mean 
age between these studies (CRYSTAL-AF, 61.5 years; 
EMBRACE, 73 years; ASSERT-II, 75 years) because our 
data also indicate that increasing age and increasing 
left atrial size are predictors of SCAF.

The present study was not designed to assess the risk 
of stroke in patients with SCAF. In patients with pace-
makers and implanted defibrillators, we have previously 
reported that detection of SCAF within 3 months of de-
vice implantation is associated with an increased risk of 
ischemic stroke or systemic embolism.2 Currently, there is 
no recommendation to use oral anticoagulation to treat 
SCAF detected by a cardiac rhythm device5,15,16; how-
ever, 3 large-scale clinical trials of anticoagulation for 
patients with device-detected SCAF are underway: the 
ARTESiA trial (Apixaban for the Reduction of Thrombo-
Embolism in Patients With Device-Detected Sub-Clinical 
Atrial Fibrillation; NCT01938248), the NOAH trial (Non-
Vitamin K Antagonist Oral Anticoagulants in Patients 
With Atrial High Rate Episodes; NCT02618577), and the 
Danish Loop study (Atrial Fibrillation Detected by Con-
tinuous ECG Monitoring; NCT02036450).

Limitations
This cohort study includes nonconsecutive outpatients 
meeting specific eligibility criteria who thus are not rep-
resentative of the population at large. Although the 
need for echocardiography to select patients might ap-
pear limiting, recent data suggest that ≈20% of Medi-
care recipients in the United States undergo at least 1 
echocardiogram each year.17 Although care was taken to 
exclude patients with symptoms that could be sugges-
tive of AF, it remains possible that physicians somehow 
selected patients with such minimal symptoms. ASSERT-
II was not designed to determine the stroke risk associ-
ated with SCAF in this population, given its small size 
and the fact that approximately half of the patients who 
developed SCAF received oral anticoagulant therapy.

ASSERT-II had only modest statistical power to com-
pare subgroups of patients such as those with and with-
out a history of stroke. In contrast, the counterintuitive 

Figure 3. Cumulative rate of de-
tection of subclinical atrial fibril-
lation ≥5 minutes in duration in 
patients with and without prior 
stroke, transient ischemic attack 
(TIA), or systemic embolism (SE).
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Device-Detected AF: OAC, Nothing, or Call a Friend… More 
Information

Ø Cryptogenic Stroke / ESUS: No Evidence OAC  provides any 
benefit

Ø DDAF-PM/ICDs: Depends on several factors CHADASVASC 
>5? AF Burden. Overall, no net clinical benefit in general.

ØDDAF-Wearables/Loop Recorders: More information 
please!


