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Cryptogenic stroke and underlying AF (CRYSTAL AF)

Crystal AF, N Engl J Med 2014; 370:2478-2486
AF was documented in implantable loop 

recorder among 30% patients of cryptogenic 
stroke within 3 years 

Attractive hypothesis
An occult paroxysmal AF is believed to be the cause for a 
significant number of cryptogenic stroke, especially ESUS.



Subclinical atrial fibrillation (SCAF)

Circulation.2003;107:1614-1619

• VVIR (VDIR) vs. DDDR : 6-year cohort study  in patients with 
SSS, AF occurrence rate

• Atrial high rate events (AHREs) > 220 bpm in pacemaker 
device

• CPI (Guidant) Discovery DR, Medtronic Thera DR, Medtronic, 
Prodigy DR, Medtronic Kappa, Medtronic 7271

• Median f/up = 33 months



Natural history of AHREs in CIED

AHREs : strokes (X2.5), all-cause mortality (X2.8)



Subclinical atrial fibrillation (SCAF) : asymptomatic AF detected on cardiac implantable electronic 

devices (CIEDs) and external monitoring without history of AF.

Definition of SCAF



An anticoagulation treatment is beneficial in 

patients with subclinical AF (AHREs on CIED) ? 

Questions ??

2017



Gap in knowledge in threshold of AHREs duration

Clinical Research in Cardiology (2022) 111:994–1009



The different threshold of AHREs duration according to CHAS2 score

- CHADS2 score 0 – 1: AHREs duration was >24 hours increased 
stroke risk 
- CHADS2 score ≥2, episodes lasing >6 minutes increased risk

There is likely a complex interplay between 

predisposing risk factors, AF duration/burden, 

and propensity of ischemic stroke.



Temporal mismatch between subclinical AF and embolic events

These findings raise the possibility that transient AF after 
cryptogenic stroke might not represent causality, but rather 
an association.



Subclinical AF’s role for stroke: surrogate marker vs. direct cause ??

AF shares pathophysiological 
mechanisms with stroke.



Revisit of CHA2DS2-VASc score

This indicates that AF by itself is unlikely to be the sole driver for LA thrombogenesis.



Atrial cardiomyopathy: a mediator between risk factors and stroke



The ischemic stroke is higher among patients with LA enlargement

Atrial dysfunction, accessed by LA strain, precedes LA enragement

In normal LA size, LA strain can predict the ischemic stroke risk?

JAMA Cardiol. 2023;8(4):317-325

Hypothesis generation 



Atrial function 

• LA reservoir function, expressed as global peak positive 
longitudinal LAε

• LA conduit function: peak negative longitudinal LASR during 
early ventricular diastole

• LA pump function, expressed as global peak
negative longitudinal LASR during LA contraction



Left atrial longitudinal strain (LAGS)

• LAGS was accessed using the 2D
speckle tracking method obtained
from an apical four-chamber view.

• Three-points (septal and lateral
corners of MA and LA roof) was
manually plotted and followed by
automatic tracing (TOMTEC
software).

• LV global longitudinal strains =
the mean of LA reservoir function
at six segments

• Abnormal GLS = -14.7%



Retrospective study

Cardiovascular Abnormalities and Brain Lesions (CABL) study cohort 

derived from Northern Manhattan Study (NOMAS) prospective cohort

806 participants (>40 years olds) without AF diagnosis

TTE and brain MRI in 2003-2008

f/up by active hospital surveillance of admission and checked up for 

ischemic stroke (TOAST classification) based on ICD-9 codes

Study design



new-onset ischemic stroke occurred in 53 participants (7%)

Results

Global peak positive 

longitudinal strain with 

Lowest quintile increased 

probability of ischemic 

stroke



LA Strain is a predictor for incident AF 



Atrial fibrosis in sinus rhythm

Neurology® 2019;93:e381-e387. 

Hypothesis 

atrial fibrosis and associated atrial cardiopathy

may be in the causal pathway of cardioembolic stroke 

independently of atrial fibrillation (AF)



P-wave terminal force in lead V1 (PTFV1)

Stroke. 2015;46:3208-3212

• P-wave terminal force in lead V1 

= Integral between P wave duration and P wave 

Amplitude at P wave-terminals force

Results are reported as the hazard ratio (95% confidence interval) for 

each

1-SD increase in P-wave terminal force in lead V

1.



When SCAF is documented in CIEDs, AF by itself is unlikely to be the sole driver for LA 

thrombogenesis.

There is likely a complex interplay between predisposing risk factors, AF duration/burden, and propensity of 

ischemic stroke.

Moreover, atrial cardiomyopathy rather than occult AF (SCAF) can one of main drivers for ischemic 

stroke.

Left atrial size (volumes) on various imaging modalities, LA longitudinal strain, PTFV1 can reflect left 

atrial remodeling and are associated with ischemic stroke, in patients without history of AF.

To estimate the risk of ischemic stroke in patients with SCAF, the sophisticated prediction model 

reflecting the complex interplay between the duration SCAF, multiple predisposing risk factors, and 

atrial structural substrates is warranted.

Summary
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