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Canadian AFCanadian AF--Stroke ResearchStroke Research



The Big AF and Stroke QuestionsThe Big AF and Stroke Questionsgg

1. What is atrial fibrillation?1. What is atrial fibrillation?
2. What is stroke?2. What is stroke?
3. How does atrial fibrillation cause stroke?3. How does atrial fibrillation cause stroke?

b. Does AF cause stroke, or is it simply a risk marker?b. Does AF cause stroke, or is it simply a risk marker?
4. How does one prevent AF4. How does one prevent AF--related stroke?related stroke?



Atrial Fibrillation in FraminghamAtrial Fibrillation in Framinghamgg



SubSub--ClinicalClinical AF Detected by AF Detected by 
PacemakersPacemakers

1.Mostly asymptomatic
2.Relatively short episodes detected only y p y

with long-term, continuous monitoring



Time to First DeviceTime to First Device--Detected Atrial Detected Atrial 
T h h th i 6 i 190 bT h h th i 6 i 190 bTachyarrhythmia > 6 min, >190 bpmTachyarrhythmia > 6 min, >190 bpm
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Are brief episodes of AF detected with Are brief episodes of AF detected with 
longlong--term continuous monitoring term continuous monitoring 

associated with stroke?associated with stroke?associated with stroke?associated with stroke?
How are they related?How are they related?

How long must they be to increase How long must they be to increase 
stroke risk?stroke risk?



ASSERT: Clinical OutcomesASSERT: Clinical OutcomesASSERT: Clinical OutcomesASSERT: Clinical Outcomes
Healey JS, NEJM 2012Healey JS, NEJM 2012

Device-Detected Atrial 

Event

Tachyarrhythmia  Device-Detected Atrial 
Tachyarrhythmia  

Present vs. absentAbsent
N=2319

Present
N= 261

t %/ t %/ RR 95% CIevents %/year events %/ year RR 95% CI p

Ischemic  Stroke
or Systemic 
Embolism

40 0.69 11 1.69 2.49 1.28 – 4.85 0.007

Vascular Death 153 2.62 19 2.92 1.11 0.69 – 1.79 0.67

Stroke / MI / 
Vascular Death 206 3.53 29 4.45 1.25 0.85 – 1.84 0.27

Clinical Atrial 
Fibrillation or 
Flutter

71 1.22 41 6.29 5.56 3.78 – 8.17 <0.001



Clinical OutcomesClinical Outcomes in ASSERTin ASSERTClinical Outcomes Clinical Outcomes in ASSERT in ASSERT 

Sub-clinical Atrial Tachyarrhythmia 

CHADS2
Score Total  

Pts.

y y
between enrollment and 3 months Sub-clinical Atrial 

Tachyarrhythmia
Present vs. absentPresent Absent

Pts.

Pts. events %/year Pts. events %/year HR 95% CI P
trend

0 231 600 68 1 0.56 532 4 0.28 2.11 0.23 –
18.9

0.352 1129 119 4 1.29 1010 22 0.77 1.83 0.62 –
5.40

>2 848 72 6 3.78 776 18 0.97 3.93 1.55 –
9.95



Relation between AF and StrokeRelation between AF and Stroke

M. Brambatti
Circulation 2014



SCAF, Stroke SubSCAF, Stroke Sub--Type and Type and 
Severity in ASSERTSeverity in ASSERT
Patients without SCAF Patients with SCAF P-value

Stroke Sub-Type

Cardio-embolic 6.7% 35.7

Large Artery 3.3% 7.1%

Lacunar 56.7% 35.7%

Undetermined 33.4% 21.4% 0.30

Stroke Severity

7-day Rankin 3 1 ± 1 8 3 7 ± 2 0 0 377 day Rankin 3.1 ± 1.8 3.7 ± 2.0 0.37

30-day Rankin 2.6 ± 1.8 3.0 ± 2.0 0.64



Risk of ischemic stroke or systemic embolism according to Risk of ischemic stroke or systemic embolism according to 
duration of SCAFduration of SCAFduration of SCAF duration of SCAF 
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ACTIVEACTIVE--AVERROESAVERROES
N=6563, ASAN=6563, ASA--treatedtreated

Venassche T. Eur Heart J. 2014



Copenhagen Heart StudyCopenhagen Heart Studyp g yp g y

JACC 2015;66:232JACC 2015;66:232--4141
n=678, age 55n=678, age 55--75 75 yrsyrs
Median f/u 14 yearsMedian f/u 14 years
ESVEA on baseline Holter ESVEA on baseline Holter 
defined as:defined as:defined as: defined as: 
–– ≥30 APBs/h (≥720 APBs/d) or ≥30 APBs/h (≥720 APBs/d) or 

atrial runs ≥20 beatsatrial runs ≥20 beats



Atrial Fibrillation and StrokeAtrial Fibrillation and Stroke

Relative risk for ischemic stroke appears increased for all Relative risk for ischemic stroke appears increased for all 
t f AF d SCAFt f AF d SCAFtypes of AF and SCAFtypes of AF and SCAF

A t b t i i i ABSOLUTE i kA t b t i i i ABSOLUTE i kAppears to be a stepwise increase in ABSOLUTE risk Appears to be a stepwise increase in ABSOLUTE risk 
with greater AF burdenwith greater AF burden

Further insights may come from large administrative Further insights may come from large administrative 
datasets linking pacemaker or cardiac monitoring datadatasets linking pacemaker or cardiac monitoring datadatasets linking pacemaker or cardiac monitoring data datasets linking pacemaker or cardiac monitoring data 
with strokewith stroke



Should I use oral anticoagulation to Should I use oral anticoagulation to 
treat patients with subtreat patients with sub--clinical AF?clinical AF?treat patients with subtreat patients with sub clinical AF?clinical AF?



Anticoagulation ProtocolAnticoagulation Protocol
Intervention GroupIntervention GroupIntervention GroupIntervention Group

Stop OACStop OACCHADSCHADS 1 & 21 & 2 Start OACStart OAC

Any ATAny AT

Stop OACStop OACCHADSCHADS22 1 & 21 & 2

AT for ≥48hAT for ≥48h

Start OACStart OAC

No AT for 30dNo AT for 30d

Continuous remote Continuous remote 
monitoring for ATmonitoring for AT
(36 of 48 atrial beats (36 of 48 atrial beats Stop OACStop OACCHADSCHADS22 3 & 43 & 4 Start OACStart OAC

Any ATAny AT

((
≥200 bpm)≥200 bpm)

22

AT for ≥24h in 2dAT for ≥24h in 2d No AT for 90dNo AT for 90d

Any ATAny AT

CHADSCHADS22 5 & 65 & 6
(or prior TE)(or prior TE) Start and maintain OACStart and maintain OAC



Clinical OutcomesClinical Outcomes
Control GroupControl Group

N = 1,361N = 1,361
Intervention GroupIntervention Group

N = 1,357N = 1,357 Hazard Hazard 
RatioRatio ppNN raterate NN raterate

Primary endpointPrimary endpoint 6161 2.32.3 6363 2.42.4 1.061.06 0.7320.732
MortalityMortality 140140 5.15.1 147147 5.45.4 1.071.07 0.6620.662
ThromboembolismThromboembolism 3737 1.41.4 3232 1.21.2 0.880.88 0.5860.586
Ischemic strokeIschemic stroke 2828 1.01.0 2222 0.80.8 0.790.79 0.4170.417
Systemic embolismSystemic embolism 22 00 -- 0.9690.969
TIATIA 88 1010 1 271 27 0 6190 619TIATIA 88 1010 1.271.27 0.6190.619

Hemorrhagic strokeHemorrhagic stroke 33 0.10.1 33 0.10.1 1.031.03 0.9730.973
Other major bleedOther major bleed 3232 1.21.2 4343 1.61.6 1.391.39 0.1450.145

Rates are expressed as the number of events per 100 patientRates are expressed as the number of events per 100 patient--years.years.



Patients with:
- SCAF (at least 1 episode ≥ 6 min 

but none > 24 hrs)but none > 24 hrs)
- CHA2DS2-VASc score ≥ 3

CONSENT andCONSENT and 
RANDOMIZE

Active aspirin Placebo aspirin 

* 2.5 mg if either of the 
following:

- At least 2 of 3 of:
- Age ≥ 80Double- Active aspirin 

81mg OD
+

Placebo 
apixaban bid

OD
+

Active apixaban
5mg or 2.5mg* 

bid

ge 80
- Weight ≤ 65 kg
- Serum Creatinine ≥ 

133 µmol/L (1.5 
mg/dL)

Double
blind, 
double-
dummy
design

Follow-up Visits at 1 month and every 6 months 
until 248 primary efficacy outcomes (est. avg 3 yrs)

Primary Efficacy Outcomes:

- Ongoing need for 
inhibitor of both 
CYP3A4 and P-
glycoprotein

Primary Efficacy Outcomes:
Primary Safety Outcomes:

Stroke (including TIA with imaging)
Major Bleeding (ISTH)

Systemic Embolism 



How hard must one look for AF after anHow hard must one look for AF after anHow hard must one look for AF after an How hard must one look for AF after an 
embolic stroke?embolic stroke?

Lancet Neurology 2014



CRYSTALCRYSTAL--AF Trial: AF at 3 yearsAF Trial: AF at 3 years
R. Bernstein 2014R. Bernstein 2014R. Bernstein 2014R. Bernstein 2014

Rate of detection in ICM arm was 30.0% vs 3.0% in control arm



EMBRACE Trial: AF Detection at 90 Days
D. Gladstone 2013
Repeat 
Holter

(n=285)
30-day 
Monitor
(n=287)

p-value
Absolute 
Detection 
Difference
(95% CI)

NNS
( )

Primary 
Outcome

AF ≥30 seconds 3% 16% <0 001 13% (9% 18%) 8AF ≥30 seconds 3% 16% <0.001 13% (9%-18%) 8

AF ≥30 sec 
(study monitors only)

2% 15% <0.001 13% (9%-18%) 8

Secondary 
Outcomes

AF ≥2 5 min 2% 10% <0 001 8% (4%-12%) 13AF ≥2.5 min 2% 10% <0.001 8% (4%-12%) 13

Any AF 4% 20% <0.001 16% (10%-
21%)

6



Embolic Stroke of Unknown Source: ESUSEmbolic Stroke of Unknown Source: ESUS

RCT of DOAC vs. ASA in patients with ESUSRCT of DOAC vs. ASA in patients with ESUSpp
Exclude AF by 12Exclude AF by 12--lead and a single 24 hour lead and a single 24 hour 
HolterHolter
Then, just treat empiricallyThen, just treat empirically

Dabigatran: C. Dabigatran: C. DienerDiener
Rivaroxaban: R. Hart; S. ConnollyRivaroxaban: R. Hart; S. Connolly; y; y



How common is AF in the How common is AF in the 
general pop lation?general pop lation?general population?general population?



CSPIN: PIAAF ProgramCSPIN: PIAAF Programgg



PIAAF Pharmacy: Subgroup Analyses

Age Groups 
(years)

Total
N (%)

‘Actionable’ 
AF
(%)

No AF
N (%)

N (%)

65-74 620 (54.8) 11 (1.8) 609 (98.2)

75-85 422 (37.3) 9 (2.1) 413 (97.9)

>85 89 (7.9) 7 (7.9) 82 (92.1)



3 % 3 % newnew AF, total AF prevalence increase >30 %AF, total AF prevalence increase >30 %

Known AF

OAC 
treatment

517

R
e

Attends
screening

Known AF
n=666
( 9.3%)

n=517 

No OAC-
treatment

149

eferralto
C

a

D
eclarscreening 

clinic
n= 7 173

n= 149 
(2.1%)

ardiologistfo

ration
ofhea or O

A
C

alth

Intermittent 
ECG-
recordings
2 weeks

Silent AF
n=218 (3 %)

2 weeks

No AF

Svennberg et al, Circulation 20156/10/20166/10/2016



8 fewer strokes/1000 screened8 fewer strokes/1000 screened

12 QALYs / 1000 screened12 QALYs / 1000 screened

€€ 4313/QALY4313/QALY



ASSERTASSERT--3: Study Design3: Study Designy gy g
Cohort study, 7 FP clinics and 1 general medical clinicCohort study, 7 FP clinics and 1 general medical clinic
≥ 80 years old no prior AF no PM/ICD≥ 80 years old no prior AF no PM/ICD≥ 80 years old, no prior AF, no PM/ICD≥ 80 years old, no prior AF, no PM/ICD
–– History of: History of: hypertension hypertension and ≥ 1 additional risk factor (diabetes, BMI ≥ 30, and ≥ 1 additional risk factor (diabetes, BMI ≥ 30, 

sleep apnea, smoking, coronary disease, heart failure or sleep apnea, smoking, coronary disease, heart failure or LVHLVHp p , g, y ,p p , g, y ,



Tsang Mayo Clinic Proc. 2001

J1
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J1 Linnea to provide slides on device and programming
Jeff-PC2012, 6/26/2012



D it k t thD it k t thDoes it make sense to screen the Does it make sense to screen the 
population for AF?population for AF?p pp p



Does the AF itself cause stroke?Does the AF itself cause stroke?

Does elimination of AF reduce risk of Does elimination of AF reduce risk of 
stroke?stroke?



DrugDrug--Based Based AF Rhythm AF Rhythm ControlControlgg yy

AF-CHF: D. Roy, NEJM 2008AFFIRM: G. Wyse, NEJM 2002



Catheter Ablation: Ongoing TrialsCatheter Ablation: Ongoing Trialsg gg g

General AF populationGeneral AF population
–– CABANA (n=2200)CABANA (n=2200)
–– EAST (n=2745)EAST (n=2745)

AFAF--Heart Failure Heart Failure 
populationpopulation

RAFTRAFT AF ( 1000)AF ( 1000)–– RAFTRAFT--AF (n=1000)AF (n=1000)
–– CASTLE (n=420)CASTLE (n=420)

JAMA 2014



Asymptomatic or silent AF following Asymptomatic or silent AF following 
AF Ablation: DISCERN AFAF Ablation: DISCERN AFAF Ablation: DISCERN AFAF Ablation: DISCERN AF



O C E A NO C E A NO C E A NO C E A N
ThTh OO ti l A titi l A ti l til tiThe The OOptimal ptimal 

AntiAnticcoagulation foroagulation for
The The OOptimal Antiptimal Anticcoagulation oagulation 
for for EEnhanced Risk Patients nhanced Risk Patients AntiAnticcoagulation for oagulation for 
EEnhanced Risk Patients nhanced Risk Patients PostPost--AAF AblatioF Ablationn TrialTrial

PostPost--AAF AblatioF Ablationn
(OCEAN) Trial(OCEAN) Trial

AtulAtul VermaVerma David David BirnieBirnieDavid David BirnieBirnie, Ottawa Heart Institute, Ottawa Heart Institute
AtulAtul VermaVerma, Southlake Regional Health , Southlake Regional Health (OCEAN) Trial(OCEAN) Trial, g, g

CentreCentre



OCEAN: LongOCEAN: Long--Term AF MonitoringTerm AF Monitoringgg gg
Use of an implantable AF monitor in subset of patients to Use of an implantable AF monitor in subset of patients to 

f il t AFf il t AFassess for silent AFassess for silent AF
Correlate silent AF to occurrence of new embolic eventsCorrelate silent AF to occurrence of new embolic events



Do most strokes in patients with AFDo most strokes in patients with AFDo most strokes in patients with AF Do most strokes in patients with AF 
come from clots in the LA Appendage?come from clots in the LA Appendage?



ProtectProtect--AF: Key EventsAF: Key Events
Watchman

N=463
Warfarin
N=244

Rel. 
Risk

95%CI

eve Rate/y event Rate/eve
nts

Rate/y
r

event
s

Rate/
yr

Total Stroke
16 2.3 12 3.2

0.71 0.35-
1.64

Ischemic
15 2.2 6 1.6

1.34 0.60-
4.39

Hemorrhagic
1 0.1 6 1.6

0.09 0.0-
0 451 0.1 6 1.6 0.45

Systemic 
Embolism 2 0

- -

St k + SEE 18 (2 5) 12 (3 3)Stroke + SEE 18 (2.5) 12 (3.3)

Ischemic
Stroke+SEE 17 (2.4) 6 (1.7)



LAA Thrombus and StrokeLAA Thrombus and Stroke

M t t k (70%) i AF ti t diM t t k (70%) i AF ti t di b lib liMost strokes (70%) in AF patients are cardioMost strokes (70%) in AF patients are cardio‐‐embolic embolic 
originating from the LAAoriginating from the LAA

At least 90% of the clots are in the LAA in AF patientsAt least 90% of the clots are in the LAA in AF patientsAt least 90% of the clots are in the LAA in AF patientsAt least 90% of the clots are in the LAA in AF patients

==



LAAOSLAAOS--IIIIII TrialTrial

VS.

Ongoing RCT (n=3700)Ongoing RCT (n=3700)

i i f i li i f i lPatients coming for routine CABG or valve surgeryPatients coming for routine CABG or valve surgery

History of AF; on or off anticoagulationHistory of AF; on or off anticoagulation

Randomized to LAA removal or controlRandomized to LAA removal or control

Currently, over 1000 patients, 25% not on anticoagulationCurrently, over 1000 patients, 25% not on anticoagulation



What is a stroke?What is a stroke?

Does AF cause dementia?Does AF cause dementia?
Should young, lowShould young, low--risk AF patients receive OAC?risk AF patients receive OAC?



OAC for Low-Risk Patients and
Covert Stroke

180 AF pts (60 5% with CHADs180 AF pts (60 5% with CHADs VascVasc

Prevalence of  Silent Cerebral Ischemia (SCI) in Paroxysmal and 
Persistent  Atrial Fibrillation and Correlation With Cognitive Function

180 AF pts (60.5% with CHADs 180 AF pts (60.5% with CHADs VascVasc
0/1) and 90 controls in SR.0/1) and 90 controls in SR.

Higher prevalence of SCI Higher prevalence of SCI (OR=11.2; (OR=11.2; g pg p ( ;( ;
95% CI 6 to 21; 95% CI 6 to 21; PP<0.01) <0.01) in AF patients in AF patients 
vs. patients in vs. patients in SR withSR with a worse a worse 
cognitive performancecognitive performance..

Higher Higher nnumber of areas of SCI per umber of areas of SCI per ptpt in in 
AF patients vs. subjects in SR. AF patients vs. subjects in SR. Brain MRI of a 55-year-old man with 

paroxysmal AF without other risk factor 

Higher Higher nnumber of areas of SCI per umber of areas of SCI per ptpt in in 
persistent AF patients vs. paroxysmal persistent AF patients vs. paroxysmal 
AF patients.AF patients.

p y

Gaita et al. JACC 2013



BRAIN AF: Study SchemaBRAIN-AF: Study Schema

3 198 per arm

Subjects 30-60 y 
Non valvular AF

AAS 100 mg
(+placebo)

om
iz

eBaseline H&P, 
blood work, 

3MMS MoCA

Yearly visit 
ECG
Physical exam with blood pressure
Blood work 
Study medication
Adverse events and endpoint assessment

3,198 per armN=6,396

Without stroke 
risk

R
an

do
Rivaroxaban 

15 mg 
(+placebo)

3MMS, MoCA, 
QOL and BDI-II 
questionnaire

Adverse events and endpoint assessment
QoL questionnaire: BDI-II, SF-36, EQ5D
Neurocognitive assessment: 3MS, MoCA

6-month visit
Study medication dispensing 
Adverse events and endpoint assessmentAdverse events and endpoint assessment
Blood work  for the first  two years

Exclusion if 
MMSE <25

BDI-II =Beck Depression Inventory-II

Phase I: 500 patient in 50 centers in Canada
Phase II: Expansion to international sites



Can we prevent AF and stroke due toCan we prevent AF and stroke due toCan we prevent AF and stroke due to Can we prevent AF and stroke due to 
AF by treating risk factors?AF by treating risk factors?

Can we prevent other AFCan we prevent other AF--related related 
complications?complications?



Proportion of Causes of Death by RegionProportion of Causes of Death by Region
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WS19 N. Am and W. Eur were combined.
Wang, Steven, 1/15/2015



ARICARIC
Huxley Circulation 2011Huxley Circulation 2011Huxley, Circulation 2011Huxley, Circulation 2011



Weight Loss Maintenance and AFWeight Loss Maintenance and AF

Pathak et al.  JACC 2015



CPAP Use in Sleep Apnea and AFCPAP Use in Sleep Apnea and AF

Shukla et al. JACC Clinical Electrophysiology 2015



Synergies Across NetworkSynergies Across Network
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