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Anticoagulation in device-detected atrial fibrillation: Challenges in stroke 
prevention and heart failure management

Jiri Vrtal1, Jiri Plasek1,2, Jan Vaclavik1,2, Jozef Dodulik1, David Sipula1

Atrial fibrillation (AF), the most common cardiac arrhythmia globally, contributes significantly to morbidity and mortal-
ity. With advancements in implantable devices like pacemakers, defibrillators, and loop recorders, incidental detection 
of AF as device-detected AF (DDAF) or subclinical AF (SCAF) has become common. This asymptomatic AF presents 
unique management challenges, particularly in anticoagulation decisions for stroke prevention. Evidence from recent 
trials, notably NOAH-AFNET 6 and ARTESiA, indicates a complex risk-benefit profile for anticoagulation in DDAF. In 
ARTESiA, anticoagulation modestly reduced stroke and systemic embolism rates, though this effect did not reach 
statistical significance. The NOAH-AFNET 6 trial found no significant reduction in a composite of cardiovascular death, 
stroke, or systemic embolism with anticoagulation compared to placebo. Both trials revealed an increased bleeding 
risk, underscoring the need to carefully weigh stroke prevention against bleeding risks in DDAF. The 2024 European 
Society of Cardiology guidelines reflect this nuanced approach by advocating a tailored, risk-based strategy. Emerging 
evidence also shows that AF burden impacts heart failure (HF) outcomes, with a five-fold increase in HF hospitalizations 
associated with higher AF burden. This highlights the importance of rhythm or rate control to reduce HF progression, 
particularly in patients with both AF and HF, where reducing AF burden is associated with better prognosis and fewer 
hospitalizations. Future research should focus on refining anticoagulation strategies, especially for patients with low 
AF burden, and exploring novel approaches like intermittent anticoagulation and advanced monitoring to support 
personalized DDAF management.
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ANTICOAGULATION IN DEVICE-DETECTED ATRIAL FIBRILLATION: CHALLENGES IN STROKE PREVENTION AND HEART
FAILURE MANAGEMENT

In this review, we evaluate the unique challenges associated with assessing stroke risk and determining the need 
for anticoagulation therapy in patients with device-detected atrial fibrillation.
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INTRODUCTION

Atrial fibrillation (AF) is the most common cardiac 
arrhythmia with a significant impact on morbidity and 
mortality1. The incidence of AF is doubling every few de-
cades and is associated with a significantly increased risk 
of stroke2,3. The risk is primarily due to thrombi that most 
often form within the left atrial appendage due to blood 
stasis from ineffective atrial contraction. Automated con-
tinuous rhythm monitoring has become feasible with the 
widespread use of cardiac implantable electronic devices 
(CIED). A common observation in devices with atrial 
sensing capabilities is the occurrence of atrial high-rate 
episodes (AHREs). Although definitions vary across stud-
ies, AHREs are typically described as episodes of atrial 
tachyarrhythmias with rates exceeding 175 beats per min-
ute and lasting longer than 5 minutes4-6. False positives 
are not uncommon, often resulting from artifacts, electri-
cal noise, or far-field R-wave signals7. Subclinical atrial 
fibrillation (SCAF), or device-detected AF (DDAF) that 
better describes the entity, refers to mainly asymptomatic 
AHREs detected by the device that are subsequently con-
firmed as AF, atrial flutter, or atrial tachycardia following 
a visual review of CIED tracings. In contrast, clinical AF 
is defined as AF lasting at least 30 seconds, symptomatic 
or asymptomatic, as documented by a surface electrocar-
diogram (ECG) (ref.8). While the clinical implications of 
clinical AF are well-known, DDAF presents unique chal-
lenges. These episodes vary in duration and frequency, 
raising questions about the association with stroke risk 
and the need for anticoagulation therapy. Some evidence 
indicates that even brief AF episodes, sometimes as short 
as a few minutes, may elevate stroke risk, especially in 
high-risk individuals with conditions like hypertension 
and diabetes9. Guidelines for anticoagulation therapy in 

clinical AF rely on scoring systems like CHA₂DS₂-VA; 
however, the management of device-detected AF is less 
clear. Previous studies have shown that, although stroke 
risk for patients with DDAF is higher than those with-
out, it is lower than for patients with clinical AF (ref.9-11). 
Recent evidence, notably from the NOAH-AFNET 6 and 
ARTESiA trials, suggests that in device-detected AF, anti-
coagulation therapy poses a complex risk-benefit profile. 
In ARTESiA, there was a reduction in the primary out-
come of stroke and systemic embolism with anticoagula-
tion, though this did not reach statistical significance. In 
NOAH-AFNET 6, anticoagulation therapy did not signifi-
cantly reduce the incidence of a composite of cardiovas-
cular death, stroke or systemic embolism compared with 
placebo. Both trials highlighted an increased bleeding risk 
associated with anticoagulation, raising concerns about 
the balance between potential stroke prevention benefits 
and the heightened bleeding risk12,13. This review provides 
a comprehensive overview of current evidence on DDAF, 
stroke risk assessment, emphasizing anticoagulation strat-
egies, and new avenues for personalized management.

Epidemiology and detection of DDAF
The prevalence of clinical AF has increased signifi-

cantly over recent decades, driven by longer life expec-
tancy and advancements in diagnostic methods. The 
estimated global prevalence of AF is almost 60 million 
patients in 2019 (ref.1). The prevalence of DDAF varies 
according to the patient population and type of moni-
toring (Fig. 1). Studies have shown that around 10–30% 
of patients with implantable cardiac devices experience 
DDAF, the incidence increasing with longer monitoring 
durations and patient age6,9,14. For instance, the ASSERT 
study found that about 10% of patients with pacemakers 
or ICDs developed asymptomatic AF episodes over a 2.5-

Fig. 1. Prevalence of Device-detected atrial fibrillation in different studies.
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year follow-up9. The TRENDS study further identified a 
15% incidence of DDAF in patients followed for 1.5 years, 
demonstrating the role of prolonged monitoring in AF 
detection6. Among elderly patients, the LOOP study using 
insertable loop recorders (ILRs) found that approximately 
30% developed device-detected AF over three years15. This 
highlights the high prevalence of subclinical AF in older 
populations, particularly those with cardiovascular risk 
factors. The risk factors for DDAF largely mirror those for 
symptomatic AF, with age, hypertension, heart disease, 
and diabetes being prominent. Additionally, men have 
a higher likelihood of developing AF, although DDAF 
is also increasingly diagnosed in women with expanding 
device use16,17. Studies like ASSERT have shown that pa-
tients with DDAF lasting as short as six minutes have 
an elevated stroke risk, prompting consideration of AF 
burden and episode duration in clinical decision-making. 
It has been also postulated that the risk of stroke is related 
to the duration and burden of DDAF. Longer duration of 
DDAF episodes between 12 and 23 h is independently 
associated with the risk of clinical AF (ref.18). The MOST 
study demonstrated an elevated risk of stroke, cardiovas-
cular mortality, and all-cause mortality in patients with 
DDAF (ref.19). Although wearable devices, including 
smartwatches, are primarily used for preliminary AF 
screening, they are limited by battery life and the abil-
ity to monitor continuously. However, these devices have 
become valuable tools for initial AF detection and may 
complement implantable devices in identifying high-risk 
patients for further monitoring20,21.

Pathophysiology of Device-Detected AF
DDAF develops through mechanisms similar to 

symptomatic AF, involving structural, electrical, and au-

tonomic remodeling of atrial tissue. These changes lead 
to irregular atrial contractions and blood stasis, particu-
larly in the left atrial appendage, which can predispose 
individuals to thromboembolic events22. Structural remod-
eling in the atria often involves the development of fibro-
sis, or scarring, that disrupts normal electrical pathways 
and promotes reentrant circuits, which can sustain AF. 
Studies have shown that fibrotic remodeling is driven by 
chronic inflammation, genetic factors, and comorbid con-
ditions like hypertension, diabetes, and heart failure23-25. 
In DDAF, structural remodeling is often asymptomatic 
but still contributes to stroke risk through similar mecha-
nisms of blood stasis and thrombus formation seen in 
clinical AF. Studies using cardiac imaging, such as delayed 
enhancement magnetic resonance imaging (DE-MRI), 
have visualized this fibrotic burden in patients with both 
symptomatic and subclinical AF, linking it to AF persis-
tence and stroke risk26. Repeated AF episodes lead to 
electrical remodeling, wherein shortened atrial refractory 
periods and action potential durations facilitate a self-per-
petuating cycle of arrhythmogenicity. This contributes to 
the likelihood of recurrent episodes, even in patients with 
DDAF (ref.27,28). Research on electrical remodeling in AF 
has demonstrated that persistent changes in ion channel 
function and cellular signaling pathways contribute to AF 
maintenance in both symptomatic and asymptomatic pop-
ulations29,30. The autonomic nervous system, particularly 
increased sympathetic tone, can create focal triggers for 
AF initiation. This is especially prevalent in areas like 
the pulmonary veins, which are known to contribute to 
arrhythmogenicity in AF (ref.31,32). Autonomic triggers 
are relevant in both device-detected and symptomatic AF, 
as they can provoke isolated AF episodes that go unde-
tected without continuous monitoring. The significance of 

Fig. 2. Algorithm for anticoagulation initiation in patients with device-detected atrial fibrillation (DDAF). Modified from Joglar 
JA et al. Circulation. 2024;149(1):e1-e156.
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autonomic influence is highlighted by studies indicating 
that vagal and sympathetic stimulation can potentiate AF 
by modulating atrial electrical properties and enhancing 
ectopic activity33,34.

Anticoagulation strategies for DDAF
With the recent published 2024 European society of 

cardiology (ESC) guidelines for AF, the approach to man-
aging DDAF for stroke prevention is becoming refined8. 
These guidelines address the unique challenges associ-
ated with DDAF, which is often asymptomatic and var-
ies greatly in episode duration and frequency. Although 
traditional guidelines have focused on clinical AF, the new 
ESC recommendations offer guidance on initiating antico-
agulation therapy for patients with DDAF, emphasizing a 
tailored, risk-based approach informed by recent trial data 
and patient-specific risk profiles. Recent findings from 
pivotal trials like NOAH-AFNET 6 and ARTESiA are 
central to this updated perspective. The NOAH-AFNET 6 
trial aimed to assess whether anticoagulation with edoxa-
ban could reduce thromboembolic events in patients with 
AHRE detected by devices without meeting the criteria 
for clinical AF. The study included elderly participants 
with a median CHA₂DS₂-VASc score of 4, putting them 
at elevated stroke risk. However, the results did not meet 
the primary efficacy endpoint of reducing cardiovascular 
death, stroke, or systemic embolism. The trial was stopped 
early due to a combination of safety concerns and a lack 
of efficacy. Specifically, patients in the edoxaban group 
experienced a higher incidence of major bleeding com-
pared to the placebo group, without a significant reduc-
tion in stroke rates. This suggests that anticoagulation in 
patients with AHRE but no confirmed AF may not be 
beneficial and could lead to a higher risk of bleeding com-
plications. The median AF burden was approximately 2.8 
hours, with 89% of patients experiencing AHRE lasting 
under 24 hours, while around 11% had episodes extending 
beyond 24 hours, highlighting variability in AF burden 
among participants12. The ARTESiA trial demonstrated 
that anticoagulation with apixaban significantly reduced 
the risk of stroke and systemic embolism in patients with 
SCAF compared to aspirin. Specifically, apixaban low-
ered the annual stroke risk by approximately 37% in this 
population. However, this benefit was counterbalanced 
by a notable increase in major bleeding incidents, with 
bleeding rates almost doubling those in the aspirin group. 
The study showed that the number needed to treat (NNT) 
to prevent one stroke was considerably higher than the 
number needed to harm (NNH) due to bleeding, rais-
ing questions about the risk-benefit balance for routine 
anticoagulation in patients with DDAF who lack other 
clinical AF criteria. The AF burden was relatively low, 
with episodes detected by devices being mostly brief and 
asymptomatic, and a significant proportion of patients 
had episodes lasting less than 24 hours13. According to the 
2024 ESC guidelines, the optimal duration and burden of 
SCAF that could justify the use of oral DOAC remains 
unclear35. It is not only the duration of the longest AF epi-
sode or AF burden that impacts stroke risk, rather, there 
is a more complex interplay between patient comorbidi-

ties and AF duration. Recent studies illustrate this interac-
tion between stroke risk factors and AF burden, showing 
that both factors together, rather than in isolation, influ-
ence outcomes significantly36,37. Regardless of whether 
OAC is initiated, these guidelines emphasize that patients 
with DDAF should be closely monitored and managed 
for comprehensive AF care. This is critical because these 
patients have a 6–9% annual risk of developing clinical 
AF, which heightens stroke risk and necessitates more 
direct AF interventions, including rhythm and rate con-
trol and potentially lifestyle or risk factor management. 
In real-world practice, physicians require tools to help 
them decide whether to initiate anticoagulation. Since 
the ESC guidelines do not provide a guiding schema, the 
schema presented in the American College of Cardiology 
(ACC) guidelines, which is based on AF burden and the 
risk score, can be utilized. This schema has been simpli-
fied and modified, with sex being excluded from the risk 
score (Fig. 2) (ref.38).

Choosing between direct oral anticoagulants and vitamin 
K antagonists

Direct oral anticoagulants (DOACs), including apixa-
ban, rivaroxaban, edoxaban, and dabigatran, have become 
the preferred choice over vitamin K antagonists (VKAs) 
for stroke prevention in AF due to their superior safety 
profile and ease of use. Unlike VKAs, DOACs do not re-
quire routine international normalized ratio monitoring, 
have fewer dietary restrictions, and offer a more consis-
tent anticoagulant effect. Important trials although pri-
marily focused on symptomatic AF, indicate that DOACs 
are generally safer and are for long-term anticoagulation. 
In device-detected AF, DOACs are also often favored, es-
pecially for patients with high AF burden and elevated 
CHA2DS2-VA scores39-42. It is also important to mention, 
that maintaining VKA treatment rather than switching to 
a DOAC may be considered in patients aged ≥75 years on 
clinically stable therapeutic VKA with polypharmacy to 
prevent excess bleeding risk43.

DDAF and heart failure
In AF management, preventing ischemic stroke has 

long been a primary goal, but the importance of address-
ing heart failure (HF) risk is increasingly recognized. 
HF is a prevalent and often life-threatening complication 
among AF patients, which can sometimes overshadow 
the risk of stroke44. For those with DDAF, this risk is 
especially pronounced: as the burden of DDAF increases, 
studies have shown that the likelihood of HF-related hos-
pitalizations rises substantially by up to five times45. This 
elevated risk emphasizes the need for proactive manage-
ment strategies, even in patients without overt AF symp-
toms. To address this risk, early intervention targeting 
AF burden is crucial. For many patients, rhythm control 
strategies can be beneficial by maintaining normal sinus 
rhythm and reducing the progression of AF burden. In 
cases where DDAF burden is particularly high, rate con-
trol may be appropriate to prevent tachycardia-mediated 
cardiomyopathy, a type of HF driven by persistently el-
evated heart rates. By maintaining a more stable heart 
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rhythm and controlling the rate, these approaches aim 
to mitigate the strain on the heart, thereby reducing HF 
progression risk. This approach is especially significant 
in patients where AF and HF coexist. Managing AF bur-
den in HF patients is associated with improved clinical 
outcomes. Evidence suggests that well-controlled AF in 
these patients not only reduces the immediate strain on 
the heart but may also slow or even prevent further HF 
progression, thereby offering a more favorable prognosis 
and enhancing quality of life for affected individuals46,47.

CONCLUSION

The management of DDAF has evolved significantly, 
driven by advancements in monitoring and insights from 
recent trials. AF remains a leading cause of morbidity and 
mortality, primarily due to its associations with stroke 
and heart failure. The increasing detection of AF through 
implantable devices has revealed a unique population with 
asymptomatic, device-detected episodes that vary in dura-
tion and frequency, challenging traditional approaches to 
AF management. Recent trials, including NOAH-AFNET 
6 and ARTESiA, underscore the complexity of antico-
agulation in DDAF patients. The NOAH-AFNET 6 trial, 
which aimed to assess the benefits of anticoagulation 
with edoxaban in patients with AHRE, was terminated 
early due to safety concerns, with findings indicating no 
significant reduction in cardiovascular death, stroke, or 
systemic embolism. Instead, anticoagulation increased the 
incidence of major bleeding, raising concerns about its 
routine use in patients without documented AF. Similarly, 
the ARTESiA trial, which studied apixaban in DDAF 
patients, showed a modest reduction in stroke risk but 
was also marked by a notable increase in major bleeding 
events, emphasizing the delicate balance between stroke 
prevention and bleeding risk in these patients. The 2024 
ESC guidelines reflect this nuanced approach by advo-
cating a tailored, risk-based strategy. While DOACs are 
favored over VKAs due to their improved safety profile, 
the precise threshold of AF burden to justify DOAC use 
remains uncertain in the DDAF population. Moreover, 
evidence now shows that AF burden significantly impacts 
heart failure outcomes, with a five-fold increase in HF-
related hospitalizations associated with higher AF burden. 
This underscores the need for proactive rhythm or rate 
control strategies to mitigate HF progression, particularly 
in patients with coexisting AF and HF, where reducing 
AF burden has been linked to a favorable prognosis and 
reduced hospitalizations. Future research should aim to 
refine anticoagulation strategies, particularly in patients 
with low AF burden, and explore emerging approaches 
such as intermittent anticoagulation and advanced moni-
toring technologies to enable more personalized treat-
ment. As AF management advances toward individualized 
care, integrating these clinical insights with technological 
innovation will be essential for optimizing outcomes in 
DDAF patients.

Search strategy and selection criteria: Our research strat-
egy focused on evaluating studies assessing the risk of 
stroke in patients with device-detected atrial fibrillation. 
We conducted a comprehensive search of scientific ar-
ticles published since 2002 using the PubMed and Web 
of Science databases. The search terms included “atrial 
fibrillation”, “device-detected atrial fibrillation”, “subclini-
cal atrial fibrillation”, “device-detected atrial fibrillation 
and heart failure” and “subclinical atrial fibrillation and 
bleeding risk.”
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DS: critical revision of the manuscript.
Conflict of interest statement: None declared.

REFERENCES

	 1.	 Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati E, 
Baddour LM, Barengo NC, Beaton AZ, Benjamin EJ, Benziger CP, 
Bonny A, Brauer M, Brodmann M, Cahill TJ, Carapetis J, Catapano 
AL, Chugh SS, Cooper LT, Coresh J, Criqui M, DeCleene N, Eagle KA, 
Emmons-Bell S, Feigin VL, Fernández-Solà J, Fowkes G, Gakidou E, 
Grundy SM, He FJ, Howard G, Hu F, Inker L, Karthikeyan G, Kassebaum 
N, Koroshetz W, Lavie C, Lloyd-Jones D, Lu HS, Mirijello A, Temesgen 
AM, Mokdad A, Moran AE, Muntner P, Narula J, Neal B, Ntsekhe M, 
Moraes de Oliveira G, Otto C, Owolabi M, Pratt M, Rajagopalan S, 
Reitsma M, Ribeiro ALP, Rigotti N, Rodgers A, Sable C, Shakil S, Sliwa-
Hahnle K, Stark B, Sundström J, Timpel P, Tleyjeh IM, Valgimigli M, Vos 
T, Whelton PK, Yacoub M, Zuhlke L, Murray C, Fuster V. Global burden 
of cardiovascular diseases and risk factors, 1990–2019: update from 
the GBD 2019 study. J Am Coll Cardiol 2020;76:2982-3021.

	 2.	 Lippi G, Sanchis-Gomar F, Cervellin G. Global epidemiology of atrial 
fibrillation: an increasing epidemic and public health challenge. Int 
J Stroke 2021;16:217-21.

	 3.	 Furie KL, Goldstein LB, Albers GW, Khatri P, Neyens R, Turakhia MP, 
Turan TN, Wood KA. Oral antithrombotic agents for the prevention of 
stroke in nonvalvular atrial fibrillation: A science advisory for health-
care professionals from the American Heart Association/American 
Stroke Association. Stroke 2012;43:3442-53.

	 4.	 Capucci A, Santini M, Padeletti L, Gulizia M, Botto G, Boriani G, et 
al. Monitored atrial fibrillation duration predicts arterial embolic 
events in patients suffering from bradycardia and atrial fibrilla-
tion implanted with antitachycardia pacemakers. J Am Coll Cardiol 
2005;46:1913-20. 

	 5.	 Capucci A, Santini M, Padeletti L, Gulizia M, Botto G, Boriani G, Ricci 
R, Favale S, Zolezzi F, Di Belardino N, Molon G, Drago F, Villani GQ, 
Mazzini E, Vimercati M, Grammatico A. Device-detected atrial fibrilla-
tion and risk for stroke: an analysis of >10,000 patients from the SOS 
AF project (Stroke preventiOn Strategies based on Atrial Fibrillation 
information from implanted devices). Eur Heart J 2014;35:508-16. 

	 6.	 Glotzer TV, Daoud EG, Wyse DG, Singer DE, Ezekowitz MD, Hilker 
C, Miller C, Qi D, Ziegler PD. The relationship between daily atri-
al tachyarrhythmia burden from implantable device diagnostics 
and stroke risk: the TRENDS study. Circ Arrhythm Electrophysiol 
2009;2:474-80.

	 7.	 Kaufman ES, Israel CW, Nair GM, Armaganijan L, Divakaramenon S, 
Mairesse GH, Brandes A, Crystal E, Costantini O, Sandhu RK, Parkash 
R, Connolly SJ, Hohnloser SH, Healey JS. Positive predictive value 
of device-detected atrial high-rate episodes at different rates and 
durations: an analysis from ASSERT. Heart Rhythm 2012;9:1241-6.

	 8.	 Van Gelder IC, Rienstra M, Bunting KV, Casado-Arroyo R, Caso V, 
Crijns HJGM, De Potter TJR, Dwight J, Guasti L, Hanke T, Jaarsma T, 
Lettino M, Løchen ML, Lumbers RT, Maesen B, Mølgaard I, Rosano 
GMC, Sanders P, Schnabel RB, Suwalski P, Svennberg E, Tamargo J, 
Tica O, Traykov V, Tzeis S, Kotecha D. 2024 ESC Guidelines for the 
management of atrial fibrillation developed in collaboration with 
the European Association for Cardio-Thoracic Surgery (EACTS). Eur 
Heart J 2024;45(36):3314-414.

	 9.	 Healey JS, Connolly SJ, Gold MR, Israel CW, Van Gelder IC, Capucci 
A, Lau CP, Fain E, Yang S, Bailleul C, Morillo CA, Carlson M, Themeles 



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2026; 170(1):1–7.

6

E, Kaufman ES, Hohnloser SH. Subclinical atrial fibrillation and the 
risk of stroke. N Engl J Med 2012;366(2):120-9.

10.	 Mahajan R, Perera T, Elliott AD, Twomey DJ, Kumar S, Munwar DA, 
Khokhar KB, Thiyagarajah A, Middeldorp ME, Nalliah CJ, Hendriks 
JML, Kalman JM, Lau DH, Sanders P. Subclinical device-detected atri-
al fibrillation and stroke risk: a systematic review and meta-analysis. 
Eur Heart J 2018;39:1407-15.

11. 	 Brambatti M, Connolly SJ, Gold MR, Morillo CA, Capucci A, Muto C, 
Lau CP, Van Gelder IC, Hohnloser SH, Carlson M, Fain E, Nakamya J, 
Mairesse GH, Halytska M, Deng WQ, Israel CW, Healey JS. Temporal 
relationship between subclinical atrial fibrillation and embolic 
events. Circulation 2014;129:2094-9.

12.	 Kirchhof P, Toennis T, Goette A, Camm AJ, Diener HC, Becher 
N, Bertaglia E, Blomstrom Lundqvist C, Borlich M, Brandes A, 
Cabanelas N, Calvert M, Chlouverakis G, Dan GA, de Groot JR, Dichtl 
W, Kravchuk B, Lubiński A, Marijon E, Merkely B, Mont L, Ozga AK, 
Rajappan K, Sarkozy A, Scherr D, Sznajder R, Velchev V, Wichterle 
D, Sehner S, Simantirakis E, Lip GYH, Vardas P, Schotten U, Zapf A. 
Anticoagulation with Edoxaban in Patients with Atrial High-Rate 
Episodes. N Engl J Med 2023;389(13):1167-79.

13.	 Healey JS, Lopes RD, Granger CB, Alings M, Rivard L, McIntyre WF, 
Atar D, Birnie DH, Boriani G, Camm AJ, Conen D, Erath JW, Gold MR, 
Hohnloser SH, Ip J, Kautzner J, Kutyifa V, Linde C, Mabo P, Mairesse 
G, Benezet Mazuecos J, Cosedis Nielsen J, Philippon F, Proietti M, 
Sticherling C, Wong JA, Wright DJ, Zarraga IG, Coutts SB, Kaplan A, 
Pombo M, Ayala-Paredes F, Xu L, Simek K, Nevills S, Mian R, Connolly 
SJ. Apixaban for Stroke Prevention in Subclinical Atrial Fibrillation. 
N Engl J Med 2024;390(2):107-17.

14.	 Sanna T, Diener HC, Passman RS, Di Lazzaro V, Bernstein RA, Morillo 
CA, Rymer MM, Thijs V, Rogers T, Beckers F, Lindborg K, Brachmann 
J. Cryptogenic stroke and underlying atrial fibrillation. N Engl J Med 
2014;370(26):2478-86.

15.	 Svendsen JH, Diederichsen SZ, Højberg S, Krieger DW, Graff C, 
Kronborg C, Olesen MS, Nielsen JB, Holst AG, Brandes A, Haugan 
KJ, Køber L. Implantable loop recorder detection of atrial fibrillation 
to prevent stroke (The LOOP Study): a randomised controlled trial. 
Lancet 2021;398(10310):1507-16. 

16.	 Passman R, Leong-Sit P, Andrei AC, Huskin A, Tomson TT, Bernstein 
R, Ellis E, Waks JW, Zimetbaum P. Targeted Anticoagulation for 
Atrial Fibrillation Guided by Continuous Rhythm Assessment 
With an Insertable Cardiac Monitor: The Rhythm Evaluation for 
Anticoagulation With Continuous Monitoring (REACT.COM) Pilot 
Study. J Cardiovasc Electrophysiol 2016;27(3):264-70.

17.	 Packer DL, Mark DB, Robb RA, Monahan KH, Bahnson TD, Poole 
JE, Noseworthy PA, Rosenberg YD, Jeffries N, Mitchell LB, Flaker 
GC, Pokushalov E, Romanov A, Bunch TJ, Noelker G, Ardashev A, 
Revishvili A, Wilber DJ, Cappato R, Kuck KH, Hindricks G, Davies DW, 
Kowey PR, Naccarelli GV, Reiffel JA, Piccini JP, Silverstein AP, Al-Khalidi 
HR, Lee KL. Effect of Catheter Ablation vs Antiarrhythmic Drug 
Therapy on Mortality, Stroke, Bleeding, and Cardiac Arrest Among 
Patients With Atrial Fibrillation: The CABANA Randomized Clinical 
Trial. JAMA 2019;321(13):1261-74.

18.	 Imberti JF, Bonini N, Tosetti A, Mei DA, Gerra L, Malavasi VL, Mazza 
A, Lip GYH, Boriani G. Atrial high-rate episodes detected by cardiac 
implantable electronic devices: dynamic changes in episodes and 
predictors of incident atrial fibrillation. Biology (Basel). 2022;11:443.

19.	 Glotzer TV, Hellkamp AS, Zimmerman J, Sweeney MO, Yee R, 
Marinchak R, Cook J, Paraschos A, Love J, Radoslovich G, Lee KL, 
Lamas GA. Atrial high rate episodes detected by pacemaker diag-
nostics predict death and stroke: report of the Atrial Diagnostics 
Ancillary Study of the MOde Selection Trial (MOST). Circulation 
2003;107:1614-9.

20.	 Perez MV, Mahaffey KW, Hedlin H, Rumsfeld JS, Garcia A, Ferris T, 
Balasubramanian V, Russo AM, Rajmane A, Cheung L, Hung G, Lee 
J, Kowey P, Talati N, Nag D, Gummidipundi SE, Beatty A, Hills MT, 
Desai S, Granger CB, Desai M, Turakhia MP. Large-Scale Assessment 
of a Smartwatch to Identify Atrial Fibrillation. N Engl J Med 
2019;381(20):1909-17.

21.	 Lubitz SA, Faranesh AZ, Selvaggi C, Atlas SJ, McManus DD, Singer DE, 
Pagoto S, McConnell MV, Pantelopoulos A, Foulkes AS. Detection of 
Atrial Fibrillation in a Large Population Using Wearable Devices: The 
Fitbit Heart Study. Circulation 2022;146(19):1415-24.

22.	 Gladstone DJ, Dorian P, Spring M, Panzov V, Mamdani M, Healey JS, 

Thorpe KE. Atrial premature beats predict atrial fibrillation in crypto-
genic stroke: results from the EMBRACE trial. Stroke 2015;46(4):936-41.

23.	 Marrouche NF, Wilber D, Hindricks G, Jais P, Akoum N, Marchlinski F, 
Kholmovski E, Burgon N, Hu N, Mont L, Deneke T, Duytschaever M, 
Neumann T, Mansour M, Mahnkopf C, Herweg B, Daoud E, Wissner E, 
Bansmann P, Brachmann J. Association of atrial tissue fibrosis iden-
tified by delayed enhancement MRI and atrial fibrillation catheter 
ablation: the DECAAF study. JAMA 2014;311(5):498-506. 

24.	 ALLHAT Officers and Coordinators for the ALLHAT Collaborative 
Research Group. The Antihypertensive and Lipid-Lowering 
Treatment to Prevent Heart Attack Trial. Major outcomes in high-
risk hypertensive patients randomized to angiotensin-converting 
enzyme inhibitor or calcium channel blocker vs diuretic: The 
Antihypertensive and Lipid-Lowering Treatment to Prevent Heart 
Attack Trial (ALLHAT). JAMA 2002;288(23):2981-97.

25.	 Benjamin EJ, Levy D, Vaziri SM, D'Agostino RB, Belange, AJ, Wolf PA. 
Independent risk factors for atrial fibrillation in a population-based 
cohort. The Framingham Heart Study. JAMA 1994;271(11):840-4.

26.	 Oakes RS, Badger TJ, Kholmovski EG, Akoum N, Burgon NS, Fish EN, 
Blauer JJ, Rao SN, DiBella EV, Segerson NM, Daccarett M, Windfelder 
J, McGann CJ, Parker D, MacLeod RS, Marrouche NF. Detection and 
quantification of left atrial structural remodeling with delayed-
enhancement magnetic resonance imaging in patients with atrial 
fibrillation. Circulation 2009;119(13):1758-67.

27.	 Wijffels MC, Kirchhof CJ, Dorland R, Allessie MA. Atrial fibrillation 
begets atrial fibrillation. A study in awake chronically instrumented 
goats. Circulation 1995;92(7):1954-68.

28.	 Wyse DG, Waldo AL, DiMarco JP, Domanski MJ, Rosenberg Y, Schron 
EB, Kellen JC, Greene HL, Mickel MC, Dalquist JE, Corley SD. A com-
parison of rate control and rhythm control in patients with atrial 
fibrillation. N Engl J Med 2002;347(23):1825-33.

29.	 Allessie M, Ausma J, Schotten U. Electrical, contractile and structural 
remodeling during atrial fibrillation. Cardiovasc Res 2002;54(2):230-
46. doi: 10.1016/s0008-6363(02)00258-4

30.	 Huang T, Nairn D, Chen J, Mueller-Edenborn B, Pilia N, Mayer L, 
Eichenlaub M, Moreno-Weidmann Z, Allgeier J, Trenk D, Ahlgrim 
C, Westermann D, Arentz T, Loewe A, Jadidi A. Structural and elec-
trophysiological determinants of atrial cardiomyopathy identify re-
modeling discrepancies between paroxysmal and persistent atrial 
fibrillation. Front Cardiovasc Med 2023;9:1101152.

31.	 Chen PS, Chen LS, Fishbein MC, Lin SF, Nattel S. Role of the auto-
nomic nervous system in atrial fibrillation: pathophysiology and 
therapy. Circ Res 2014;114(9):1500-15. 

32.	 Haïssaguerre M, Jaïs P, Shah DC, Takahashi A, Hocini M, Quiniou G, 
Garrigue S, Le Mouroux A, Le Métayer P, Clémenty J. Spontaneous 
initiation of atrial fibrillation by ectopic beats originating in the pul-
monary veins. N Engl J Med 1998;339(10):659-66.

33.	 Coumel P.Autonomic influences in atrial tachyarrhythmias. J 
Cardiovasc Electrophysiol 1996;7:999-1007.

34.	 Wit AL, Boyden PA. Triggered activity and atrial fibrillation. Heart 
Rhythm 2007;4(3 Suppl):S17-23.

35.	 Sanders P, Svennberg E, Diederichsen SZ, Crijns HJGM, Lambiase PD, 
Boriani G, Van Gelder IC. Great debate: device-detected subclinical 
atrial fibrillation should be treated like clinical atrial fibrillation. Eur 
Heart J 2024;45:2594-603.

36.	 Botto GL, Padeletti L, Santini M, Capucci A, Gulizia M, Zolezzi F, Favale 
S, Molon G, Ricci R, Biffi M, Russo G, Vimercati M, Corbucci G, Boriani 
G. Presence and duration of atrial fibrillation detected by continu-
ous monitoring: crucial implications for the risk of thromboembolic 
events. J Cardiovasc Electrophysiol 2009;20:241-8. 

37.	 Kaplan RM, Koehler J, Ziegler PD, Sarkar S, Zweibel S, Passman RS. 
Stroke risk as a function of atrial fibrillation duration and CHA(2)
DS(2)-VASc score. Circulation 2019;140:1639-46.

38.	 Joglar JA, Chung MK, Armbruster AL, Benjamin EJ, Chyou JY, Cronin 
EM, Deswal A, Eckhardt LL, Goldberger ZD, Gopinathannair R, 
Gorenek B, Hess PL, Hlatky M, Hogan G, Ibeh C, Indik JH, Kido K, 
Kusumoto F, Link MS, Linta KT, Marcus GM, McCarthy PM, Patel N, 
Patton KK, Perez MV, Piccini JP, Russo AM, Sanders P, Streur MM, 
Thomas KL, Times S, Tisdale JE, Valente AM, Van Wagoner DR. 2023 
ACC/AHA/ACCP/HRS Guideline for the Diagnosis and Management 
of Atrial Fibrillation: A Report of the American College of Cardiology/
American Heart Association Joint Committee on Clinical Practice 
Guidelines. Circulation 2024;149(1):e1-e156.

39.	 Granger CB, Alexander JH, McMurray JJ, Lopes RD, Hylek EM, Hanna 



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2026; 170(1):1–7.

7

M, Al-Khalidi HR, Ansell J, Atar D, Avezum A, Bahit MC, Diaz R, Easton 
JD, Ezekowitz JA, Flaker G, Garcia D, Geraldes M, Gersh BJ, Golitsyn S, 
Goto S, Hermosillo AG, Hohnloser SH, Horowitz J, Mohan P, Jansky 
P, Lewis BS, Lopez-Sendon JL, Pais P, Parkhomenko A, Verheugt FW, 
Zhu J, Wallentin L. Apixaban versus warfarin in patients with atrial 
fibrillation. N Engl J Med 2011;365(11):981-92.

40.	 Connolly SJ, Ezekowitz MD, Yusuf S, Eikelboom J, Oldgren J, Parekh 
A, Pogue J, Reilly PA, Themeles E, Varrone J, Wang S, Alings M, Xavier 
D, Zhu J, Diaz R, Lewis BS, Darius H, Diener HC, Joyner CD, Wallentin 
L. Dabigatran versus warfarin in patients with atrial fibrillation. N 
Engl J Med 2009;361(12):1139-51. 

41.	 Patel MR, Mahaffey KW, Garg J, Pan G, Singer DE, Hacke W, Breithardt 
G, Halperin JL, Hankey GJ, Piccini JP, Becker RC, Nessel CC, Paolini 
JF, Berkowitz SD, Fox KA, Califf RM. Rivaroxaban versus warfarin in 
nonvalvular atrial fibrillation. N Engl J Med 2011;365(10):883-91.

42.	 Giugliano RP, Ruff CT, Braunwald E, Murphy SA, Wiviott SD, Halperin 
JL, Waldo AL, Ezekowitz MD, Weitz JI, Špinar J, Ruzyllo W, Ruda M, 
Koretsune Y, Betcher J, Shi M, Grip LT, Patel SP, Patel I, Hanyok JJ, 
Mercuri M, Antman EM. Edoxaban versus warfarin in patients with 
atrial fibrillation. N Engl J Med 2013;369(22):2093-104.

43.	 Joosten LPT, van Doorn S, van de Ven PM, Köhlen BTG, Nierman MC, 
Koek HL, Hemels MEW, Huisman MV, Kruip M, Faber LM, Wiersma 
NM, Buding WF, Fijnheer R, Adriaansen HJ, Roes KC, Hoes AW, Rutten 
FH, Geersing GJ. Safety of switching from a vitamin K antagonist to 
a non-vitamin K antagonist oral anticoagulant in frail older patients 

with atrial fibrillation: results of the FRAIL-AF randomized controlled 
trial. Circulation 2024;149:279-89. 

44.	 Coats AJS, Heymans S, Farmakis D, Anker SD, Backs J, Bauersachs 
J, de Boer RA, Čelutkienė J, Cleland JGF, Dobrev D, van Gelder IC, 
von Haehling S, Hindricks G, Jankowska E, Kotecha D, van Laake 
LW, Lainscak M, Lund LH, Lunde IG, Lyon AR, Manouras A, Miličić 
D, Mueller C, Polovina M, Ponikowski P, Rosano G, Seferović PM, 
Tschöpe C, Wachter R, Ruschitzka F. Atrial disease and heart failure: 
the common soil hypothesis proposed by the heart failure associa-
tion of the European Society of Cardiology. Eur Heart J 2021;43:863-
7.

45.	 Wong JA, Conen D, Van Gelder IC, McIntyre WF, Crijns HJ, Wang J, 
Gold MR, Hohnloser SH, Lau CP, Capucci A, Botto G, Grönefeld G, 
Israel CW, Connolly SJ, Healey JS. Progression of device-detected 
subclinical atrial fibrillation and the risk of heart failure. J Am Coll 
Cardiol 2018;71:2603-11.

46.	 Brachmann J, Sohns C, Andresen D, Siebels J, Sehner S, Boersma L, 
Merkely B, Pokushalov E, Sanders P, Schunkert H, Bänsch D, Dagher L, 
Zhao Y, Mahnkopf C, Wegscheider K, Marrouche NF. Atrial fibrillation 
burden and clinical outcomes in heart failure: the CASTLE-AF trial. 
JACC Clin Electrophysiol 2021;7:594-603. 

47.	 Steinberg BA, Li Z, O'Brien EC, Pritchard J, Chew DS, Bunch TJ, Mark 
DB, Nabutovsky Y, Greiner MA, Piccini JP. Atrial fibrillation burden 
and heart failure: data from 39,710 individuals with cardiac implant-
ed electronic devices. Heart Rhythm 2021;18:709-16.


