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• Detection of occult AF with AI    
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Adams HP Jr et al, Stroke. 1993; 24; 35-41. 



Cryptogenic stroke  

• TOAST defines cryptogenic stroke (stroke of 
undetermined etiology) as brain infarction that is not 
attributable to a definite cardio-embolism, large artery 
atherosclerosis, or small artery disease despite 
extensive vascular, cardiac, and serologic evaluation. 
 

• Causative Classification System (CCS) require brain 
imaging, imaging of cerebral vessels, and evaluation of 
heart function. This classification system divides 
cryptogenic stroke into “cryptogenic embolism” and 
“other cryptogenic”.  
 

TOAST. Trial of Org 10172 in Acute Stroke Treatment. Stroke. 1993;24:35-41. 
The Causative Classification of Stroke system. Neurology. 2010;75:1277-1284. 



Diagnostic Evaluation of Ischemic Stroke  
to Determine Stroke Mechanism 

Circ Res. 2017;120:527-540 



Diagnostic Evaluation and Therapeutic 
Implications in Ischemic Stroke 

Circ Res. 2017;120:527-540 



Post-stroke diagnostic FU in 
cryptogenic stroke  
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• Right to left shunt 

(PFO, ASD, etc) 

• LA thrombi  

• Valve vegetation 

• Aortic arch atheroma 

• Spontaneous echo 

contrast (SEC) 

• Mitral stenosis 

• Others   
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• Occult paroxysmal 

AF or AFL  
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• Sub-stenotic 

plaque  

• Dissection 

 

• CSF exam  

• Immune response  

• Hypercoagulability  

• Others depending 

on clinical situation  
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Yaghi S, et al. Neurol Clin Pract. 2014;4:386-393 



Rivaroxaban for Stroke Prevention 
after Embolic Stroke of Undetermined Source 

 

N Engl J Med 2018;378:2191-201 



Risk of stroke in patients with AF 

1. Wolf PA, et al. Arch Intern Med 1987;147:1561-1564. 
2. Lin HJ, et al. Stroke. 1996; 27:1760-1764. 

3. Stroke Prevention in Atrial Fibrillation Investigators. Circulation 1991;84:527-539. 



AHA/ASA 2018 Guidelines for the Early Management 
of Patients with Acute Ischemic Stroke 



Occult paroxysmal AF  

• Detection of AF is important in the evaluation of 
patients with otherwise cryptogenic stroke to identify 
those who might benefit from anticoagulation 
 

• Paroxysmal AF is often asymptomatic, and may not be 
detected with short-term monitoring 

  
• Technologies available for extended cardiac monitoring 

include continuous telemetry, ambulatory 
electrocardiography, serial ECG’s, trans-telephonic ECG 
monitoring, and implantable cardiac monitors  

Bang OY, et al. Stroke 2014;45:1186-1194. 
Yaghi S et al. Neurol Clin Pract 2014;4:386-393. 



Why short-term monitoring isn’t enough 

At least 
1/3 

OF AF PATIENTS ARE 
ASYMPTOMATIC 84  

days 

MEDIAN TIME TO AF DETECTION  
IN CRYPTOGENIC STROKE PATIENTS 

• Conventional Monitoring 



Which patients will benefit from 
prolonged ECG monitoring?  

• Predictor of AF after CS  
 

– Atrial size >45mm, the presence of APCs  
– Prolonged PR interval, advanced age  
– Total atrial conduction time (by doppler echo) using 

PA-TDI interval  
– iPAB score (PHx of arrhythmia, AAD drug use, atrial 

dilation, elevated BNP) 
– High CHA2DS2-VASc scores 
– Cerebral infarction with typical topographic features 

such as cortical location or multiple vascular 
territories  

 



How long?  

• The evidence regarding the monitoring time to 
be employed in patients with CS for detecting 
AF is still inconclusive. 

• 2017 ISHNE-HRS proposes a careful evaluation 
of each patient prior to device use based on 
cost-efficacy, patient’s acceptance, and 
compliance. 

• 30 days of ECG monitoring after a CS  appears 
to be a feasible choice in clinical practice. 

Montalvo M, et al. Open Cardiovasc Med J. 2016;10:89–93 



How to detect?  

Yaghi S, et al. Neurol Clin Pract. 2014;4:386-393 



Modalities and technology of 
ambulatory ECG recording 

E.T. Locati. Journal of Electrocardiology 2017;50:828–832. 



Holter monitor 

• Portable external 
monitor that monitor 
the cardiac rhythm 
for 24-48 hours 

• Saves all data 
• Cumbersome to wear 

during rehabillitation 
• Relatively short 

period of data 

https://commons.wikimedia.org/wiki/File:Holter_monitor_NIH.jpg  



External loop recorder, Event monitors  

• Worn on the body for 14 days and more (usually 30 days) 
• Often requires activation to record an event  
• May require awareness of patients to push event button 

or change batteries 
• Saves events only 

 



Mobile cardiac technology 

• A monitor worn on the 
skin that automatically 
detects, records and 
transmits abnormal heart 
rhythms for up to 30 days 

• Lasts 7-14 days then 
changed for a total 30 day 
recording  

• Saves all events 
• Waterproof 



 

Steven R. Steinhubl, et al. JAMA. 2018;320(2):146-155.  



Types of AECG monitors currently 
available in clinical practice 

2017 ISHNE-HRS expert consensus statement  
on ambulatory ECG and external monitoring/telemetry.   

Ann Noninvasive Electrocardiol. 2017;22:e12447 



AF detection with external cardiac 
monitoring in cryptogenic stroke 

Heart Rhythm Monitoring Strategies for Cryptogenic Stroke:  
2015 Diagnostics and Monitoring Stroke Focus Group Report 

J Am Heart Assoc. 2016;5:e002944 doi: 10.1161/JAHA.115.002944 

AF indicates atrial fibrillation; CS, cryptogenic stroke; MCOT, mobile cardiac outpatient telemetry; N/A, not availabl 



*In patients with known, % of AF or non-AF detected appropriately 

Allow to do the anticoagulation Management 

• ILR accurately detects AF 
99.4%* of the time 

• Designed to enable timely AF 
diagnosis and management 
 Up to 3 years of continuous 

cardiac monitoring with ILR  
 

 Proven AF detection algorithm 
 

 Safe for use in MRI setting same 
day at 1.5 and 3.0 Tesla*  

Implantable loop recorder 





ILR is clearly better, but….for all?  

CRYSTAL AF study, N Engl J Med 2014;370:2478-86. 



Safety and benefit of ILR 

• Infection :1.4% 
• ILR remained inserted in 97% in at 1 year 
• Number needed to implant to detect 1st episode of AF 

14 for 6 months, 4 for 36 months.   

CRYSTAL AF study, N Engl J Med 2014;370:2478-86. 



Advantages and Disadvantages of 
Available Monitoring Technologies 

Advantages  Disadvantages  

24-H Holter Inexpensive Miss of most PAF 
External leads – patient discomfort  

Extended Holter  Inexpensive 
 

Depending on duration – miss AF 
External leads – patient discomfort  
Poor patient compliance  

Patch monitor Continuous intermediate-term monitoring 
Minimally obtrusive for an external device 
Well tolerated  

Relatively more expensive 
Depending on duration – miss AF 
Extended monitoring require ≥ 1 patch 

Mobile cardiac telemetry  Continuous intermediate-term monitoring 
Rapid response to clinical events (AF)  

Relatively more expensive 
Long-term monitoring incurs costs 
Rely on external leads – patient discomfort 

Implantable loop recorder  
 

No external device and wires 
Excellent patient compliance  
Long-term continuous monitoring (3 yrs)  
Rapid response to clinical events (AF) 

Most expensive (ILR and procedure)  
Need for minor invasive procedure 
Need to define Long-term pathway for 
data analysis & management  
Long-term monitoring incurs costs 

Heart Rhythm Monitoring Strategies for Cryptogenic Stroke:  
2015 Diagnostics and Monitoring Stroke Focus Group Report 

J Am Heart Assoc. 2016;5:e002944 doi: 10.1161/JAHA.115.002944 



Cost  
Expected Volumes of Long-Term Ambulatory ECG Tests Under the Current State  

Ont Health Technol Assess Ser 2017 January;17(1):1-56 



Detection of occult AF with AI 

Poh M-Z et al. Heart 2018;104:1921–1928 

DCNN; deep convolutional neural network 



AI based ECG analysis 

 



Is it really better? Not yet  

Journal of Electrocardiology 52 (2019) 88–95 



Proposed ECG monitoring 
algorithm for Cryptogenic stroke 

• Repeat of 12 lead EKG  
• At least 24 hours of telemetry monitoring 
• 2-4 weeks of continuous cardiac telemetry 
• Cryptogenic stroke with high probability of PAF: 

consider prolonged (1-3 years) outpatient loop 
recording 

Saver, J. et al. NEJM, 2016 374:2065-74. 



Summary  

• Cryptogenic stroke is a diagnosis of exclusion  
 

• Long-term monitoring studies of patients with 
otherwise cryptogenic stroke find that between one-
fifth and one-third have paroxysmal AF and are at risk 
for cardio-embolic stroke.  
 

• Cryptogenic stroke patients without documented atrial 
fibrillation may have other mechanisms for stroke 
 
 



Prolong ECG monitoring for 
cryptogenic stroke  

• Important Considerations  
– Length of monitoring desired 
– Ability of the patient to trigger event monitor, change batteries, 

keep monitor on 
– Feedback system (real time, mail in, reports generated by vendor) 
– Medical institution/vendor relationships 
– Relationships between Provider and Cardiologist 
– Patient agreeable to procedure to insert loop recorder  
– Patient selection: Would you anticoagulated this patient if you 

found AF? 
– Cost 
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