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Questions we are tackling now… 
 How much AF is needed to be at risk for

stroke?
 Reevaluation of causal inference

 What is temporal relationship of AF to
stroke?
 Can real-time AF detection be used to

treat?
 Goal is to inform implementation of AF

disease management strategies with
wearable sensors



AF and stroke 
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Adapted from Go. JAMA. 2001;285:2370. 

Atrial Fibrillation 
 Most common sustained arrhythmia in clinical 

practice 
 4% of the population over age 60; 10% over age 80 

Miyasaka Y. Circulation 2006;114:119-125 
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Presenter
Presentation Notes
It is expected that as the number of elderly people in the United States increases, diagnoses of AF will increase proportionally.  A recent study applied age-specific estimates of the prevalence of AF to US census data to estimate the number of adults who will be diagnosed with AF in the future. 

Go and colleagues estimated that the number of patients with AF will approach 3 million within the next 15 years.  The authors estimated that in the year 2050, 5.6 million adults in the United States will be diagnosed with AF.
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AF and stroke: the classical model 
Physiology 

 Loss of coordinated 
electromechanical 
atrial activity 
 Impaired emptying, 

stasis,     
hypercoagulability,   
blood clot formation 
(in left atrial 
appendage) 

Implications for stroke risk 
 15% of 700,000 

strokes/year in U.S. 
 Risk if untreated: 3-12%/yr 
 Stroke from AF has higher 

severity, disability and 
mortality (larger territory) 

Therapies can prevent stroke in AF 



How good are strokes risk scores? 
 c-statistic = 0.56-

0.62 
 (0.50 = pure 

chance) 
 Substantial 

misclassification 
 Untreated “low risk” 

patients who get 
strokes 
 Treated “high risk” 

patients who bleed 
(Fang M, JACC 2006) 



Then came CHA2DS2-VASc… 

(Lip GY, Chest 2010) 



Weaknesses of CHA2DS2-VASc 

(Lip GY, Chest 2010) 

 Goal to preserve 
sensitivity 
 CHADS2 score gets 

reclassified upward 
 Age, CAD, female 

 Few stroke events in 
derivation 
 Nonrepresentative 

population distribution 
 No validation from 

external authors 
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ESC AHA ACC HRS 

2011 
CHA2DS2-VASC ≥  2: OAC (I) 
CHA2DS2-VASC = 1: OAC (IIa) 
*Except if sole risk factor is sex 
 
CHA2DS2-VASC = 0: Nothing (I) 
 

2014 
CHA2DS2-VASC ≥  2: OAC (I) 
CHA2DS2-VASC = 0: Nothing (IIa) 
CHA2DS2-VASC = 1: Anything (IIb) 

2006: CHADS2 ≥  1 

Guidelines 
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The biggest limitation of the 
scores is the diagnosis of AF 
itself 
 AF defined by treatment, not disease 
 Hospital discharge with AF 
 Cardiology care 

 Transient AF, lone AF, less sick patients 
not well represented 
 No quantification of risk based on 

burden of AF, just whether identified as 
having AF as inpatient 



Daily AF burden and stroke 
 How much AF is needed for stroke? 
 What is relationship of timing of AF to 

presentation of stroke? 
 Are some patterns of AF riskier than 

others? 
 Can real-time AF detection be used to 

treat? 



Remote monitoring for cardiac implantable 
electronic devices (CIED) is continuous 



Courtesy of Edmund Keung, MD 



(Healey JS, NEJM 2012) 

ASSERT Study 



ASSERT study results 

 Subclinical atrial tachyarrhythmias (> 6 
minutes) in 10% by 3 months 
 AT associated with clinical AF 
 HR 5.56; 95% CI, 3.78-8.17 

 AT associated with ischemic stroke/SE 
 HR 2.50; 95% CI, 1.28-4.89 

 But, population attributable risk low: 
13% 

(Healey JS, NEJM 2012) 



(Healey JS, NEJM 2012) 

Atrial tachycardia 



ASSERT stroke study 

 Only 1 had AT/AF at time of stroke 
 25 (49%) had no AT/AF (including post-

stroke) 
Median time to AF was 339 days prior 
 8 had AT/AF only after stroke 

(Brambatti M, Circulation 2014) 

 Among 51 patients with stroke/SE 



Integration with pacemaker/ICD data 

Inpatient 
Claims 

Outpatient 
Encounters 

VA Claims (2002-present) 

  
   

 

Laboratory Pharmacy 

Fee-based 
care 

Vital signs, wt, 
BMI 

VA EMR 

Death records 

Medicare Claims 
Part A, B, D 

Pacemaker/ICD 
Remote Monitoring 

CareLink 

10,000 patients with devices 
Programming settings, 
daily AF burden, arrhythmia 
episodes, shocks, device failure 

Daily AF burden and stroke: 500K AF pts 

(Turakhia M, JACC 2014; Turakhia M, HRS 2014) 



(Turakhia M, et al. JACC 2014) 

TREAT-AF: ~200K patients w/new AF 

n=53K, 1:1 propensity matched 



VA Carelink® study 

 10,000 patients with remote 
monitoring data from Medtronic 
Medtronic data on back end provides daily 

measure of AF burden 
 98% ICDs until recently 
You cannot see this in PACEArt® 

 312 (3.2%) acute ischemic strokes 
 187 with atrial lead and non-missing AF 

burden data up to 120d pre-stroke 
 22,000 person-years 
 Event rate: 8.5 strokes/1,000 PYs 



Baseline characteristics 
Patients with stroke 

Demographics  (N=187) 
Age, mean ± SD 69 ± 8.4 
% Male 186 (99%) 
Atrial Fibrillation, no. (%) 73 (39%) 
Hypertension, no. (%) 153 (82%) 
Heart Failure, no. (%) 156 (83%) 
Prior Stroke/TIA, no. (%) 83 (44%) 
Prior MI, no. (%) 26 (14%) 
Diabetes, no. (%) 102 (55%) 
Coronary artery disease, no. (%) 168 (90%) 
Peripheral vascular disease, no. (%) 39 (21%) 
Chronic Obstructive Lung Disease 76 (41%) 
Anemia 49 (26%) 
Charlson Comorbidity Index, mean ± SD 3.8 ± 1.9 
Selim Comorbidity Score, mean± SD 6.7 ± 2.9 
CHADS2 score, mean ± SD 3.2 ± 1.5 
CHA2DS2-VASc ≥ 2 (%)  181 (97%) 



Results 
 43/187 (23%) had AT/AF in 30d prior 
 10 permanent; 10 paroxysmal 
Mean burden in paroxysmals: 3.5±6.0h 

 Comparing days 0-30 prior to days 90-
120 prior (remote stroke-free interval) 
 38% had new AT/AF 
 34% had an increase in burden 
 9% with decrease in burden 
 19% permanent AF in both periods 

(Turakhia M, HRS 2014) 



0 -30 -120 
Days leading up to stroke 

0 

24 
Hours per day 



(Turakhia M, HRS 2014) 



(Turakhia M, HRS 2014) 



(Turakhia M, HRS 2014) 



Results 
 Among 43/187 patients with stroke and 

AT/AF preceding, 72% and AT/AF had 
new or increasing burden in 30d prior to 
stroke  
 In patients with increasing AT/AF burden, 

burden increased by 1.9±3.4 hours/day 
 Findings were similar when comparing 

with 180-210 days prior to stroke 

(Turakhia M, HRS 2014) 



Case-Crossover Results 
AF cutoff of ≥ 5.5 hours from TRENDS 

Case Period 
0-30 days prior to stroke 

Control 
Period 
Stroke Free 
Interval 

No AF AF 

No AF 156 13 
AF 3 8 

OR 13/3 = 4.33 (95% CI: 1.19, 23.71) 
 After adjustment for warfarin use (discordance): 

5.22 (95% CI: 1.22, 47.4) 
 Results stable with AF cutoffs of 30 sec to 6 hrs 



Exact timing of AF and risk 

Singer DE…Turakhia M, ACC 2015 

Contribution to 
prediction 

(attributable 
risk) is low 



Is there a “dose” response? 
 Varied threshold of AF on any given day 

in 30 days pre-stroke from 30 seconds 
to 6 hours 
 Unable to isolate an effect 
 15 minutes, 30 minutes, 1 hour, 6 hours 

all similar 
 Large confidence intervals 



Can anticoagulation 
therapy starts and stops 

based on AT/AF detection 
improve outcomes? 





(Stroke, SE, major bleed) 



What if we throw “big data 
tools” at the problem? 



“The thrombogenic atrium” 
 

Atrial substrate may be more 
important than rhythm 



Risk prediction in the non-AF patient 
 1024 patients w/stable CAD, no AF at 

baseline or follow-up  
 c-statistic = 0.65 (same as NRAF) 

(Welles C, Turakhia M, Am Heart J 2011) 



Watchman 4-year data 

(Reddy V, JAMA 2014) 



 983 stable CAD patients without AF 

LAFI predicts stroke/TIA in absence of AF 

(Wong J, Turakhia M, Am J Cardiol, 2014) 

 LAFI superior to other LA indices 
 But other studies have shown LA 

dysfunction associated with intracranial 
atherosclerosis 



LA 
dysfunction AF Stroke 

LA 
dysfunction 

AF 
Stroke 

AF Stroke LA 
dysfunction 

What is the mechanism of stroke? 

Other vascular 
risk factors Stroke 

LA 

dysfunction 

AF 



Summary 
 Risk prediction schemes offer poor 

discrimination 
 Treatment geared toward sensitivity 

 AF is causal in some patients but... 
 Most strokes not preceded by AF 
 CHADS2 predicts stroke well in non-AF 
 Rhythm-guided anticoagulation not effective 
 Optimal AF “dose” for risk is undefined 

 Near-term stroke prediction from AF difficult 
May inform efforts for AF (and HF) disease 

management using wearable sensors 



Conclusion 
Conceptual framework is shifting to think of AF 

as a marker of vascular risk, not just a cause of 
stroke 
 Attributable risk of AF to stroke probably 

depends on competing risk from other 
comorbidities 
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Thank you ! 
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