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Prevalence of clinically significant bradyarrhythmias in patients implanted with loop recorders for 37 

cryptogenic stroke: a manifestation of atrial cardiomyopathy? 38 

Abstract 39 

Background: 40 

Cryptogenic stroke is often associated with atrial fibrillation (AF), but may also reflect a broader atrial 41 
pathology such as atrial cardiomyopathy (AtCM). While implantable loop recorders (ILRs) are used primarily 42 
to detect AF in these patients, the burden of bradyarrhythmias is not well established. 43 

Objective: 44 

To evaluate the prevalence and clinical significance of bradyarrhythmias in patients implanted with ILRs 45 
after cryptogenic stroke or TIA, compared to a matched control population with ILRs for other indications. 46 

Methods: 47 

We retrospectively analyzed 225 patients receiving ILRs for cryptogenic stroke/TIA (n=139) or other 48 
indications excluding syncope (n=86). Bradyarrhythmias were classified according to ESC 2021 guidelines. A 49 
1:1 propensity score matching (PSM) was performed based on major covariates. The primary endpoint was 50 
the time to first detection of clinically significant SND.  51 

Results: 52 

During a median follow-up of 23 months, SND occurred more frequently in the cryptogenic stroke group 53 
than in controls (18.7% vs 4.7%, p=0.003). After PSM (n=114), SND remained significantly more prevalent in 54 
stroke patients (22.8% vs 8.8%, p=0.04). Univariate analysis identified cryptogenic stroke/TIA (OR 3.14, 95% 55 
CI 1.02–9.64, p=0.045), hypertension, and increased indexed left atrial volume as independent predictors of 56 
SND. Kaplan–Meier analysis showed a significantly lower event-free survival for SND in the cryptogenic 57 
stroke group (log-rank p=0.034). 58 

Conclusion: 59 

Cryptogenic stroke patients show a significantly higher and earlier incidence of clinically relevant SND 60 
compared to matched controls, which may suggest an underlying atrial remodeling process consistent with 61 
atrial cardiomyopathy. These findings underscore the importance of comprehensive arrhythmic monitoring 62 
beyond AF in this population. 63 

 64 

Abbreviations:  65 

AF - Atrial Fibrillation; AtCM - Atrial Cardiomyopathy; CI - Confidence Interval; ESC - European Society of 66 
Cardiology; ILR - Implantable Loop Recorder; OR - Odds Ratio; PSM - Propensity Score Matching; SND - 67 
Sinus Node Dysfunction; TIA - Transient Ischemic Attack 68 

 69 

 70 
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Introduction 71 

Sinus node dysfunction (SND) is a significant clinical entity encompassing a range of abnormalities in the formation 72 

and conduction of electrical impulses from the sinoatrial node. It represents a major cause of symptomatic 73 

bradycardia, and its clinical presentation can vary widely, including persistent sinus bradycardia, sinoatrial block, sinus 74 

arrest, chronotropic incompetence or a combination of bradycardia and supraventricular tachyarrhythmias, often 75 

referred to as "tachy-brady syndrome”. The prevalence and incidence of SND are strongly correlated with age, rising 76 

significantly in older populations, which underscores its growing public health importance.1 77 

The clinical impact of SND is considerable, manifesting as symptoms such as syncope, dizziness, fatigue, and dyspnea, 78 

all of which can significantly impair quality of life and increase the risk of falls. The pathophysiology of SND is 79 

multifactorial, involving a progressive fibrotic and degenerative process within the sinoatrial node and the 80 

surrounding atrial myocardium, throughout the right atrium.2 This process is frequently associated with aging but can 81 

also be linked to ischemic heart disease, inflammatory conditions, and certain medications.3 82 

Atrial fibrillation (AF), in contrast, is the most frequent and complex atrial tachyarrhythmia.4 Its multifactorial 83 

pathophysiology is characterized by atrial remodeling and fibrosis.5 Remodeling involves both structural and electrical 84 

changes. Structural remodeling includes myocyte hypertrophy and interstitial fibrosis, leading to increased atrial wall 85 

stiffness and a loss of myocyte-to-myocyte coupling. This disruption of normal conduction pathways creates multiple, 86 

chaotic re-entrant circuits that perpetuate the arrhythmia. Electrical remodeling, driven by chronic rapid firing, 87 

includes changes in ion channel expression and function, leading to a shortened atrial refractory period and increased 88 

excitability.67 This shared pathophysiological substrate of remodeling and fibrosis also links AF to SND, where fibrosis 89 

within the sinoatrial node impairs its ability to generate and propagate electrical impulses. Therefore, AF and SND are 90 

often found coexisting, not merely as comorbidities but as conditions sharing a common underlying pathology of atrial 91 

myopathy.89 92 

Today, AF is frequently diagnosed by implantable loop recorders (ILRs) inserted for monitoring after a cryptogenic 93 

stroke.101112 Specifically, approximately 10–15% of patients with stroke of unclear origin have documented episodes of 94 

AF by ILRs after one year of implantation, and this number rises to 20–25% by the end of the battery life.13 Previous 95 

studies have investigated the prevalence of incidental findings in stored episodes in patients with cryptogenic stroke, 96 

but a high proportion of patients prematurely explanted their devices, which limited the duration of rhythm 97 

monitoring.1415 Most patients with cryptogenic stroke are elderly, have a history of vascular disease, diabetes, and 98 

hypertension, and are therefore at risk of developing other types of arrhythmias, such as clinically relevant 99 

bradyarrhythmias or tachy-brady syndrome.1617 Moreover, brain ischemia can be associated with autonomic 100 

dysregulation.18 101 

In this retrospective study, we investigated the prevalence and type of clinically significant bradyarrhythmias in 102 

patients implanted with an ILR for acute cryptogenic stroke, comparing them to a control population. 103 

Methods 104 
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The research reported in this paper adhered to Helsinki Declaration as revised in 2013. Consecutive patients with 105 

cryptogenic stroke and indication to loop recorder implantation were enrolled. Eligible patients were 40 years of age 106 

or older and had received a diagnosis of stroke or transient ischemic attack (TIA), occurring within the previous 90 107 

days, that was supported by consistency between symptoms and findings on brain imaging. Stroke was classified as 108 

cryptogenic after an extensive diagnostic workup, including 12-lead ECG, 24 hours or more of ECG monitoring, 24-109 

hour ECG Holter, transesophageal echocardiography, screening for thrombophilic condition (in patients <55 years of 110 

age), and either magnetic resonance angiography, computed tomography angiography or catheter angiography of the 111 

head and neck, had failed to show a clear cause. Ultrasonography of cervical arteries and transcranial Doppler 112 

ultrasonography of intracranial vessels, in place of MRA or CTA of the head and neck, were allowed for patients older 113 

than 55 years of age. Patients with TIA were enrolled only if symptoms at presentation were speech problems, limb 114 

weakness, or hemianopsia. Indications for ILR implantation in the control group included: patients implanted for 115 

history of non-sustained ventricular arrhythmias without a formal indication to ICD (61 patients) and patients 116 

symptomatic for palpitations of unknown diagnosis (25 patients). After the loop recorder (Medtronic LinQ) was 117 

implanted, these patients were then followed over time in remote monitoring (Medtronic Carelink), with automatic 118 

transmissions of ECG tracings that were displayed within 24 hours of arrhythmia detection or manual recording 119 

performed in case of symptoms. A summary transmission was scheduled every 30 days regardless of arrhythmia 120 

detection. All episodes were revised and validated by two electrophysiologists (P.A.F. and R.S.).  Sinus node 121 

dysfunction was defined, according to the latest 2021 ESC Guidelines on cardiac pacing, as sinus arrests/sinoatrial 122 

blocks causing pauses greater than 3 seconds, with indication to pacing in case of pauses lasting more than 3 seconds 123 

if symptomatic and more than 6 seconds if asymptomatic.19 Atrial fibrillation was defined as an episode of irregular 124 

heart rhythm, without detectable P waves, lasting more than 6 minutes, automatically detected by loop recorder 125 

through a dedicated software. Patients who had implanted loop recorders for indications other than cryptogenic 126 

stroke were identified as a control group and followed over time with the same modalities. Patients who had 127 

implanted the loop recorder for syncope of unclear origin were excluded due to the high likelihood of finding 128 

bradyarrhythmias. If the device detected arrhythmias, the patient was contacted by telephone to verify whether 129 

she/he had had symptoms and to plan any outpatient or inpatient check deemed necessary by the referring 130 

physicians. All patients provided written informed consent for the implantation of the loop recorder and for the use of 131 

their monitoring data for research purposes 132 

Study endpoints 133 

The primary end point was the time to first detection of clinically significant bradyarrhythmia at 6-month follow-up. 134 

Secondary end points included the time to first detection of atrial fibrillation at 12-month follow-up.  135 

Statistical Analysis. 136 

Categorical data were summarized as percentages and continuous data as mean ± Standard Deviation (SD). T-test for 137 

independent samples was used to compare the means of continuous variables, Mann-Whitney test in case of a non-138 

normal distribution and χ2 test for qualitative variables. We used the Kolmogorov–Smirnov test for normality in order 139 

to evaluate the assumption of t-test. 140 
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We used a propensity score matching (PSM) with the “nearest” algorithm to mitigate the imbalance between the two 141 

groups (cryptogenic stroke and control in a 1:1 ratio). Covariates included in PSM model were age, gender, 142 

hypertension, diabetes, heart failure, obstructive sleep apnea syndrome and beta blockers use. Matching was 143 

performed using the nearest neighbor matching protocol and a standardized mean difference (SMD)<0.2. Covariates 144 

balance was assessed by examining standardized mean differences (SMD), with values < 0.2 indicating acceptable 145 

balance. Cox regression univariate analysis for the occurrence of the primary endpoint was performed. Cumulative 146 

event-free survival rates for the population, divided in the two aforementioned groups, were calculated using the 147 

Kaplan–Meier method. A p-value<0.05 was considered significant. Statistical analyses were performed using R 148 

software (Version 4.3.2) with the MatchIt package and SPSS (SPSS version 26, Inc., Chicago, IL, USA). 149 

 150 

Results. 151 

The study included 225 patients (mean age: 67.71 ± 14.5 years, 53% males) who received an implantable loop 152 

recorder for cryptogenic stroke (n = 139) or other indications other than syncope (n = 86; 61 patients for non-153 

sustained ventricular arrhythmias without a formal indication to ICD and 25 for palpitations) at our Institution. Median 154 

follow-up duration was 23.63 ± 15.39 months in the control group and 23.25 ±14.25 months in the stroke/TIA group 155 

(p=0.73). Before matching, cryptogenic stroke/TIA patients had higher prevalence of  hypertension (73% vs 51%; 156 

p=0.002) and were more frequently affected by diabetes mellitus (77% vs 23%; p=0.04); concerning the 157 

pharmacological therapy, the cryptogenic stroke/TIA cohort was less frequently on beta blockers therapy (35% vs 158 

59%; p<0.001), assumed more frequently Renin-Angiotensin-Aldosterone System (RAAS) antagonists (61% vs 36%; 159 

p=0.002), and antiplatelet drugs (80% vs 33%; p<0.001) but less anticoagulants (7% vs 16%; p=0.036). Baseline 160 

characteristics of the unmatched population are reported in Table 1.  161 

At the end of follow-up, the most relevant difference was the higher incidence of SND in cryptogenic stroke patients 162 

compared with controls during follow-up (18.7% vs 4.7%; p=0.003). Mean time of SND diagnosis from implant was 6 ± 163 

3,5 months. New-onset atrial fibrillation was diagnosed in 38 (26.7%) of patients implanted for stroke/TIA and 23 164 

(28.7%) of patients implanted for other indications (p=0.84). There were no significant differences in incidence 165 

between the two groups for other bradyarrhythmias (such as second-degree, third-degree, or advanced 166 

atrioventricular block) or tachyarrhythmias (sustained or non-sustained ventricular tachycardias). 167 

Sinus node dysfunction was diagnosed in 26 patients in the cryptogenic stroke group versus 4 patients in the control 168 

group. This required pacemaker implantation in 14 cases within the cryptogenic stroke/TIA group (10.1% vs 4.7%; 169 

p=0.09). Pacemaker implantation rates, though higher in the cryptogenic stroke/TIA cohort, were lower than the 170 

incidence of SND diagnoses, which may suggest that were predominantly driven by clinically non-significant or 171 

asymptomatic sinus bradycardia/pauses. Overall, both AF and SND were diagnosed concurrently in 11 patients during 172 

follow-up, with 10 of these cases belonging to the cryptogenic stroke/TIA cohort. 173 

Propensity score matching based on the variables specified before yielded 57 cryptogenic stroke patients and 57 174 

control patients.  Baseline characteristics of the matched population are reported in Table 2.  175 
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We found that the association between cryptogenic TIA/stroke and sinus node dysfunction was significant even in 176 

matched population analysis (22.8% vs 8.8%; p=0.04), furthermore cryptogenic stroke/TIA was significantly associated 177 

with grade 2 or higher diastolic dysfunction (14% vs 3,5%, p=0.047) and antiplatelet drugs use (78.9% vs 45.6%, 178 

p=0.001). No significant differences were observed between the two cohorts as for AF diagnosis (48.6% vs 51.4%; 179 

p=0.84), bradyarrhythmias, tachyarrhythmias and pacemaker implantation. A summary of the results after propensity 180 

matching is reported in Table 3. 181 

At univariate analysis, SND was independently associated with cryptogenic TIA/stroke (OR=3.14, CI 95% 1.02 - 9.64, 182 

p=0.045). Moreover, SND was significantly associated with indexed left atrial volume (OR= 1.059, CI 95% 1.027 - 1.091, 183 

p=0.02) and hypertension (OR=4.52, CI 95% 1.030 - 19.895, p=0.017)   184 

Figure 1 shows Kaplan-Meier curves of the primary endpoint in patients with and without cryptogenic TIA/stroke (log-185 

rank test p= 0.034) 186 

Discussion 187 

The primary finding of our study is that patients with cryptogenic stroke exhibit a significantly higher incidence of 188 

bradyarrhythmias detected by loop recorder compared to patients with other indications for device implantation. This 189 

result is consistent with prior research (actual evidence resumed in Table 1, Supplementary Materials). For instance, a 190 

recent multicenter prospective registry has shown SND without AF is an independent risk marker for ischemic 191 

stroke20;  an observational study investigating the prevalence of bradyarrhythmias in patients with paroxysmal AF 192 

detected by continuous rhythm monitoring found that 18% of patients experienced bradyarrhythmias or a 193 

combination of tachy-bradyarrhythmias.14,17  194 

We hypothesize that the increased incidence of bradyarrhythmias in patients with a history of cryptogenic stroke, 195 

alongside the presence of atrial fibrillation, is part of a complex pathology referred to in the literature as atrial 196 

cardiomyopathy (AtCM). AtCM has been defined as “any complex of structural, architectural, contractile, or 197 

electrophysiological changes affecting the atria with the potential to produce clinically relevant manifestations.” It is a 198 

term used to describe patients with an abnormal atrial substrate and function, including fibrosis, mechanical and 199 

electrical dysfunction, and a hypercoagulable state.229 200 

AtCM is not merely a consequence of aging; it also results from various pathophysiological conditions, including 201 

systemic and subclinical inflammatory states such as hypertension, heart failure, and coronary artery disease. These 202 

factors interact, leading to the activation of the renin–angiotensin–aldosterone system (RAAS) and the production of 203 

angiotensin II (Ang II), which can induce cardiomyocyte hypertrophy, endothelial abnormalities, and myocardial 204 

fibrosis.23 It is important to emphasise that fibrosis and remodelling in these individuals is not merely confined to the 205 

anatomic sinus node but has been shown to be present diffusely throughout the right atrium27 206 

Growing evidence suggests that AtCM may be a significant and independent predictor of stroke, even in the absence 207 

of concurrent atrial fibrillation (AF). The proposed mechanism is a prothrombotic state within the atria, involving 208 

abnormal blood flow (stasis) and "thrombogenic endocardial remodeling," which can directly cause clot formation. In 209 

this context, AF may be an epiphenomenon, while the true causal pathway between AtCM and stroke is directly 210 
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attributable to the atria's prothrombotic properties.2425 This correlation may be further supported by the detection of 211 

AtCM-related ECG and echocardiographic markers in patients with confirmed cardioembolic ESUS.26 212 

Nearly 30% of ischemic strokes are of unknown origin, referred to as cryptogenic strokes (CS). Imaging studies indicate 213 

that a large proportion of these cases are consistent with embolism, leading to the term embolic stroke of 214 

undetermined source (ESUS).11 This has prompted a series of studies to investigate the presence of asymptomatic 215 

atrial fibrillation as a potential pathogenic mechanism for thromboembolism in ESUS patients. These studies have 216 

underscored the pivotal role of implantable cardiac monitors (ICMs) in detecting asymptomatic AF in this specific 217 

patient group.12 218 

Recent studies, such as a substudy of the LOOP trial21, suggest that in a population of subjects over 70 years of age, 219 

with no history of atrial fibrillation but with risk factors, the percentage of bradyarrhythmias detected by loop 220 

recorder monitoring may be higher than expected. Many of these arrhythmias were asymptomatic (present in 221 

approximately 20% of the population), and subsequent pacemaker implantation was not associated with a reduction 222 

in syncope events compared to the control group. Accordingly, in our population (slightly younger on average), most 223 

bradyarrhythmias were asymptomatic, and there was no statistically significant difference in the percentage of 224 

patients who subsequently underwent pacemaker implantation between the group with previous cryptogenic stroke 225 

and the control group. 226 

Based on our findings, we can hypothesize that the higher incidence of both symptomatic and asymptomatic 227 

bradycardia in our study population, compared to an age-matched group monitored for different indications, could be 228 

attributable to a global atrial remodeling and subsequent fibrosis. This process likely causes slowed conduction and 229 

leads to both a higher incidence of sinus arrest and an increased propensity for thromboembolic events due to 230 

mechanical and electrical dysfunction. 231 

Our findings may suggest interesting food for thought both on the complexity of the pathogenesis of cardioembolic 232 

strokes and the therapeutic perspectives of these patients. For instance, the presence of SND in combination with 233 

echocardiographic features of atrial cardiomyopathy might support the earlier initiation of anticoagulation therapy, 234 

even in the absence of documented AF. However, clinical trials evaluating the efficacy of anticoagulation in patients 235 

with a history of embolic stroke of undetermined source (ESUS) and subclinical AF detected via implantable loop 236 

recorders have shown mixed results, with no clear reduction in overall mortality.27 Furthermore, catheter ablation for 237 

atrial fibrillation (AF) might be favored over pharmacological approaches for rate or rhythm control (e.g., beta-238 

blockers, calcium channel blockers), which could unmask or exacerbate underlying SND. Further studies are warranted 239 

to validate these hypotheses and clarify the therapeutic implications. 240 

 241 

Limitations 242 

One of the main limitations of this study is its retrospective design, which inherently carries the risk of bias and limits 243 

the ability to establish causality. Although propensity score matching was employed, the sample size remains 244 
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relatively small, with only 225 patients included in the analysis and just 57 patients per matched group. This limited 245 

cohort as well as the limited number of covariates utilized for matching may reduce the generalizability of the 246 

findings. Additionally, the diagnosis of sinus node dysfunction (SND) was based on the occurrence of sinus pauses 247 

greater than 3 seconds, which may be an overly broad criterion, potentially not being indicative of clinically significant 248 

dysfunction. Neurological events themselves can be accompanied by cardiac events. In particular, bradycardic events 249 

are frequently observed in the acute phase but also afterwards and some of the bradyarrhythmias documented in our 250 

study population could be directly related to stroke. Furthermore, the study did not investigate the time of onset of 251 

atrial fibrillation (AF) in SND patients, an important factor that could have provided valuable insights into the 252 

relationship between SND and AF. These factors suggest that caution is needed when interpreting the results, and 253 

further prospective studies with larger sample sizes are warranted to validate the findings. 254 

 255 

Conclusions 256 

In conclusion, our study demonstrates that patients with recent cryptogenic stroke exhibit a higher incidence of 257 

sinoatrial node disease (SND) compared to those who undergo ILR implantation for indications other than syncope. If 258 

confirmed in larger prospective studies, these findings could enhance our understanding of the clinical implications of 259 

atrial cardiomyopathy and potentially lead to changes in the management of these patients.  260 

 261 

Table 1. Baseline Clinical Characteristics of unmatched population 262 

 263 

 Cryptogenic 

stroke(139) 

Controls(86) P value 

Age, years 71.4 ± 11.2 61.5 ± 17.3 0.001 

Males % (n)    

Smoke % (n) 30.9 (43) 24.4 (21) 0.43 

COPD % (n) 3.6 (5) 2.3 (2) 0.17 

Congestive Heart Failure % (n)  8 (11) 6 (5) 0.29 

Hypertension % (n) 73 (102) 51 (44) 0.002 

Diabetes mellitus % (n) 16.5 (23) 8 (7) 0.043 

Coronary Artery Disease % (n) 15.8 (22) 10.5 (9) 0.11 

Chronic Kidney Diseaese % (n)  5 (7) 3.5 (3) 0.17 

LVEF %  58.6 ± 6.8 58.6 ± 8.7 0.96 

LAVi ml/m2  38 ± 13 33 ± 12 0.058 

TAPSE mm 21.8 ± 3.4 21.1 ± 3.6  0.29 

PR interval ms 174.8 ± 33 173.3 ± 43 0.814 
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QRS interval ms 108.8 ±  5.5 105.9 ± 5.9 0.75 

Beta blocker % (n) 35.3  (49) 59.3 ( 51) 0.001 

RAAS blocker % (n) 61.2 (85) 36 (31) 0.002 

Antiplatelets % (n) 80 (111) 33.7 (29) 0.001 

Anticoagulant % (n) 7.2 (10) 16.3 (14) 0.036 

   264 

 265 

Table 2. Baseline Clinical Characteristics of matched population 266 

 267 

 Cryptogenic stroke(57) Controls(57) P value 

Age, years  avg ± ds  67.5 ± 12.7 67.2 ± 13 0.87 

Smoke % (n) 36.8 (21) 24.6 (14) 0.15 

COPD % (n) 3.5 (2) 1.8 (1) 0.55 

Congestive Heart Failure % (n)  7 (4) 5.3 (3) 0.6 

Hypertension % (n) 63 (36) 61 (35) 0.84 

Diabetes mellitus % (n) 10.5 (6) 8.8 (5) 0.75 

Coronary Artery Disease % (n) 14 (8) 7 (4) 0.22 

Chronic Kidney Diseaese % (n)  1.8 (1) 5.3 (3) 0.3 

LVEF %  59.4 ± 6.6 59.5 ± 8.2 0.97 

LAVi ml/m2 37 ± 12.7 31.7 ± 10.5 0.017 

Diastolic dysfunction >= grade 2 % (n) 14 (8) 3.5 (2) 0.047 

TAPSE mm 22.4 3.1 21.8 3.4 0.33 

PR interval ms 166.4 25.7 170.9 39.4 0.47 

QRS interval ms 103.4 46.3 96.8 15.5 0.97 

Beta blocker % (n) 45.6 (26) 52.6 (30) 0.45 

RAAS blocker % (n) 56.1 (32) 42.1 (24) 0.13 

Antiplatelets % (n) 78.9 (45) 45.6 (26) 0.001 

Anticoagulant % (n) 5.3 (3) 15.8 (9) 0.06 

 268 

 269 

Table 3. Main results after propensity matching 270 

 Cryptogenic stroke/TIA (57) Controls (57) P value 
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Sinus Node Dysfunction % (n) 22.7 (13) 8.8 (5) 0.04 

Atrial Fibrillation % (n) 31.6 (18) 33.3 (19) 0.84 

AVB II Degree Mobitz 1 % (n) 0 (0) 0 (0) - 

AVB II Degree Mobitz 2 % (n) 0 (0) 1.8 (1) 0.31 

AVB III Degree % (n) 1.8 (1) 0 (0) 0.31 

Advanced AVB % (n) 0 (0) 3.6 (2) 0.15 

S/NS-VT % (n) 3.6 (2) 3.6 (2) 1 

Pacemaker implantation % (n) 8.8 (5) 7 (4) 0.72 

ICDs implantation % (n) 1.8 (1) 3.6 (2) 0.55 

 271 

 272 

 273 

Figure 1 Kaplan Meier curves 274 

 275 

 276 
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Supplementary file: Studies on ILR implantation after cryptogenic stroke and the incidence of sinoatrial node dysfunction and atrial fibrillation in the 

respective populations 

Study name Year Study design Study population SND incidence during 
follow-up 

AF incidence during 
follow up 

Sanna T et al,  CRYSTAL AF trial, 
NEJM 

2014 RCT; ILR vs usual care in 
Cryptogenic stroke patients; 12-
months follow up 

ILR: 221 
Control: 220 

- ILR: 29 
Control: 4 

Bettin M et al; TRACK-AF trial, Clin 
Res Cardio 

2018 Prospective trial; ILR in 
cryptogenic stroke patients; 25 
months median follow up 

173 patients 8-12 (4.6-7.5%) 33 (19.1%) 

Pecha S; Implantable loop recorder 
monitoring in patients with 
cryptogenic stroke - Detection and 
treatment of different clinically 
relevant arrhythmias, J 
Electrocardio 
 

2020 Retrospective study; ILR in 
cryptogenic stroke; 14 months 
mean follow up 

64 patients Bradyarrhythmias 
requiring pacemaker 
6 (9.4%) 

16 (25%) 

Bernstein et al. 
STROKE-AF, JAMA Neurol 

2021 RCT, ILR vs usual care in 
ischemic stroke patients; 3 year 
follow up 

ILR: 242 
Control: 250 

- ILR: 46 (21.7%) 
Control: 5 (2.4%) 

Buck et al, PER DIEM, JAMA 2021 RCT; ILR vs external loop 
recorder in ischemic stroke 
patients; 12 months follow up 

ILR: 150 
Control: 150 

- ILR: 23 (15.3%) 
Control: 7 (4.7%) 

Diederichsen SZ et al, Post Hoc 
analysis LOOP RCT study, JAMA 
Cardio 

2023 Post Hoc analysis RCT; ILR vs 
usual care in patients with risk 
factors for AF; 65 months 
median follow up 

ILR: 1501 
Control 4503 

ILR: 204 (13.6%) 
Control: 66 (1.5%) 

(from original analysis) 
ILR: 477 (31.8%) 
Control: 550 (12.2%) 

Frausing MHJP et al; Brady- and 
tachyarrhythmias detected by 
continuous rhythm monitoring in 
paroxysmal atrial fibrillation, Heart 

2023 Observational trial, ILR in 
paroxysmal AF patients; 3.4 
years median follow up 

392 patients Bradyarrhythmias 
69 (18%) 

AF/A Flutter 
128 (33%) 
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