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Formal Definition: Atrial Fibrillation

AF is an arrhythmia characterized by 

uncoordinated atrial activation, with 

consequent deterioration of atrial 

mechanical function

Circulation 2011; 121:  e269-e367
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Definitions of AF: A Simplified Scheme

Term Definition

Paroxysmal AF  AF that terminates spontaneously or with intervention within 7 d of onset. 

 Episodes may recur with variable frequency.

Persistent AF  Continuous AF that is sustained >7 d.

Long-standing 

persistent AF

 Continuous AF >12 mo in duration.

Permanent AF  The term “permanent AF” is used when the patient and clinician make a 

joint decision to stop further attempts to restore and/or maintain sinus 

rhythm. 

 Acceptance of AF represents a therapeutic attitude on the part of the 

patient and clinician rather than an inherent pathophysiological attribute of 

AF. 

 Acceptance of AF may change as symptoms, efficacy of therapeutic 

interventions, and patient and clinician preferences evolve.

Nonvalvular AF  AF in the absence of rheumatic mitral stenosis, a mechanical or 

bioprosthetic heart valve, or mitral valve repair.

AF indicates atrial fibrillation.



Atrial Fibrillation: Epidemiology

► The No. 1 preventable cause of stroke 

► In the United States, up to 16 million individuals will be 

affected by the year 2050

► Increasing survival from heart attack and increasing 

age (“the ‘graying’ of America”) help explain rise in 

incidence of AF
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Relationship Between 

Atrial Fibrillation and Age

Go AS, et al. JAMA. 2001; 285:2370-2375.



Chimowitz. Stroke 1993; 24: 1015
Zabalgoitia. J Am Coll Cardiol 1998; 31: 1622

Atrial Fibrillation Causes Stroke  
Left Atrial Appendage Thrombus



Ischemic Strokes in Atrial Fibrillation More 
Likely to be Severely Disabling
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Lin HJ, et al. Stroke. 1996;27:1760-1764.



The CHA2DS2-VASc Score
Stroke Risk Score for Atrial Fibrillation

Congestive heart failure or LVEF < 35%     1                                      

Hypertension 1                                      

Age > 75 years 2

Diabetes mellitus 1                                      

Stroke/TIA/systemic embolism                 2

Vascular Disease (MI/PAD/Aortic plaque) 1

Age 65-74 years    1

Sex category (female) 1

Moderate-High risk > 2

Low risk 0-1                            

Lip GYH, Halperin JL. Am J Med  2010; 123: 484.

Weight (points)



CHA2DS2-VASc

CHA2DS2-
VASc 
Score #

#TE
Events

TE Rate During 
1 yr (95% CI)

TE Rate During 1 yr, 
Adjusted for
Aspirin RX

0 103 0 0% (0-0) 0%

1 162 1 0.6% (0.0-3.4) 0.7%

2 184 3 1.6% (0.3-4.7) 1.9%

3 203 8 3.9% (1.7-7.6) 4.7%

4 208 4 1.9% (0.5-4.9) 2.3%

5 95 3 3.2% (0.7-9.0) 3.9%

6 57 2 3.6% (0.4-12.3) 4.5%

7 25 2 8.0% (1.0-26.0) 10.1%

8 9 1 11.1% (0.3-48.3) 14.2%

9 1 1 100% (2.5-100) 100%

Total 1,084 25 P Value for trend 0.003

Lip GY, Nieuwlaat R, Pisters R, Lane DA, Crijns HJ. Chest. 2010 Feb;137(2):263-72. Pub Med PMID: 19762550. 

Stroke or Other TE at One Year 





ESC 2012 AF Update 

Guidelines

 Assess stroke risk exclusively with CHA2DS2-VASc and 
no longer use CHADS2

 ESC Guidelines recommend anticoagulation for 
stroke prevention with CHA2DS2-VASc score of 1 or 
greater

 Preference given to novel, non-monitored 
anticoagulants: apixaban, rivaroxaban, and 
dabigatran



Key points ACC 2014 guidelines SPAF

1. CHA2DS2VASc Score used as thromboembolic risk assessment

2. Decision on anticoagulation based on risk not classification of AFIB

3. Decision must balance thromboembolic risk vs bleed risk and patient choice

4. CHA2DS2VASc score 2 or greater with non valvular AFIB anticoagulation either 

Coumadin (INR 2-3) or NOAC

5. CHA2DS2VASc 0 non-valvular afib, reasonable no anticoagulation

6. CHA2DS2VASc 1 ( dealers choice ) asa or anticoagulant or nothing

7. Patient who cannot maintain therapeutic INR  with non-valvular AFIB, NOAC 

indicated

8. Mechanical valve with AFIB Coumadin INR  2-3 (aortic) 2.5-3.5 (mitral)





Anticoagulation in Atrial

Fibrillation 
Effects on Stroke Risk Reduction

Warfarin better Control better

AFASAK

SPAF

BAATAF

CAFA

SPINAF

EAFT

100% 50% 0 -50% -100%

Aggregate

RRR of stroke: 
62% 

RRR All-cause mortality: 

26%

RRR, relative risk reduction.

Hart RG, et al. Ann Intern Med. 1999;131:492-501.



Known Problems With Warfarin

1) Delayed onset/offset

2) Unpredictable dose response

3) Narrow therapeutic index

4) Drug-drug, drug-food interactions

5) Problematic monitoring

6) High bleeding rate

7) Slow reversibility



National assessment of warfarin Anticoagulation 

Therapy for Stroke prevention in AFIB

Circulation 2014

Time in Therapeutic range ( TTR)

All patients :53.7%

On therapy < 6 months: 47.6%

On therapy > 6 months: 57.5%

Note: clinical Trials vs NOAC’s 64% TTR



Properties Benefit

Oral, once-daily dosing Ease of administration

Rapid onset of action
No need for overlapping 
parenteral anticoagulant

Minimal food or drug interactions Simplified dosing

Predictable anticoagulant effect No coagulation monitoring

Extra renal clearance
Safe in patients with renal 
disease

Rapid offset in action
Simplifies management in case of 
bleeding or intervention

Antidote For emergencies

Properties of an Ideal Anticoagulant 



Fibrinogen Fibrin

Common Pathway

Thrombin

Xa

Prothrombin

Clot

Xa 

Blocker
Apixaban

Rivaroxaban

Dabigatran

New Oral Agents



Advantages of new oral anticoagulants 

(NOACs) over vitamin K antagonists (VKAs) 

for thromboembolic prevention in patients 

with non-valvular AF

 predictable effect without need for monitoring

 fewer food and drug interactions

 more predictable half-life/elimination

 improved efficacy/safety ratio

1

www.escardio.org/EHRA



Comparison Overview of New 

Anticoagulants with Warfarin

Features Warfarin New Agents

Onset Slow Rapid

Dosing Variable Fixed

Food effect Yes No

Drug interactions Many Few

Monitoring Yes No

Half-life Long Short

Antidote Yes No



NOACs approved or under evaluation for 

prevention of systemic embolism or stroke in 

patients with non-valvular AF

Dabigatran Apixaban Edoxaban * Rivaroxaban

Action
Direct thrombin 

inhibitor

Activated factor 

Xa (FXa) inhibitor 

Activated factor 

Xa (FXa) inhibitor

Activated factor 

Xa (FXa) inhibitor

Dose
150 mg BID

110 mg BID

5 mg BID

2.5 mg BID

60 mg QD

30 mg QD

15 mg QD

20 mg QD

15 mg QD

Phase III clinical 

trial
RE-LY 1

ARISTOTLE 2

AVERROES 3
ENGAGE-AF 4 ROCKET-AF 5

3

www.escardio.org/EHRA

1. Connolly et al, N Engl J Med 2009; 361:1139-51  4. Ruff et al,   Am Heart J 2010; 160:635-41

2. Granger et al,  N Engl J Med 2011; 365:981-92 5. Patel et al, N Engl J Med 2011;365:883-91

3. Connolly et al, N Engl J Med 2011; 364:806-17 

* not yet approved by EMA



Novel Oral Anticoagulants
Important Comparative Features

• Oral direct thrombin inhibitor

• Twice daily dosing

• Renal clearance
Dabigatran

• Direct factor Xa inhibitor

• Once daily (maintenance), twice daily (loading)

• Renal clearance
Rivaroxaban

• Direct factor Xa inhibitor

• Twice daily dosing

• Hepatic clearance
Apixaban

• Direct factor Xa inhibitor

• Once daily dosing

• Hepatic clearance
Edoxaban

Circulation 2010;121:1523



Drug

Dose (mg)

RE-LY ROCKET-AF ARISTOTLE

Dabigatran

110 bid    150 BID

Rivaroxaban

20 mg qd

Apixaban

5 mg bid

Stroke + SEE non-infer Superior 
ITT cohort: non-infer.

On Rx cohort: Superior
Superior

ICH Superior Superior Superior Superior

Bleeding Lower similar similar Lower

Mortality similar P = 0.051 similar Superior: P = 0.047

Ischemic stroke similar Lower similar similar

Mean TTR 64% 55% 62%

Stopped drug 21% 23% 23%

WD consent 2.3% 8.7% 1.1%

TTR = time in therapeutic range

WD consent = withdrawal of consent, no further data available

Pivotal Atrial Fibrillation Trials 
Results to Date





















NOACs in chronic kidney disease –

Practical suggestions

 CKD should be considered an additional risk factor for stroke in AF but 

CKD also increases bleeding risk

 NOACs are a reasonable choice for anticoagulant therapy in AF 

patients with mild or moderate CKD

 NOACs similar benefit/risk ratio to VKAs with rivaroxaban (15 mg QD) 

in renal impairment (CrCl <50 ml/min).1

With apixaban, there may be a lower relative bleeding risk 2

30

www.escardio.org/EHRA

1.  Fox et al, Eur Heart J 2011;32:2387-94 2.  Hohnloser et al, Eur Heart J 2012;33:2821-30



NOACs in chronic kidney disease –

Practical suggestions

 Dabigatran may not be first choice as primarily cleared renally but may be 
used in stable patients. 

 FXa inhibitors have 25-50% renal clearance therefore may be preferred

 Consider dose reductions in patients with CrCl <50 ml/min: apixaban 2.5 
mg BID,1 rivaroxaban 15 mg/day2

 Avoid NOACs in AF patients on haemodialysis: consider VKAs 
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1.  Fox et al, Eur Heart J 2011;32:2387-94 2.  Connolly et al N Engl J Med 2011; 364:806-17





Antithrombotic Agents
A New Era of “Alignment and Flexibility?”

► Dabigatran: Superior SPAF compared with 
warfarin

► Rivaroxaban: Once-daily administration and less 
dependence on kidneys for metabolism; non-
inferior in ITT analysis in very high-risk patient 
population

► Apixaban: Safety equivalent to aspirin in 
AVERROES, and superior stroke prevention in 
warfarin intolerant or ineligible

► Apixaban: Superior SPAF, less major bleeding, 
lower all-cause mortality.





NOAC Major Concerns

1.  LACK OF REVERSIBILITY

2.   COST



Clinical Dilemma: Bleeding Risk 

Correlates With Stroke Risk

 The higher the bleeding risk, as assessed by the HAS-BLED 

Index, the higher the stroke risk—A “Catch 22” when 

considering and/or deploying oral anticoagulation. 

 Based on observational and trial evidence, we must be 

especially vigilant to prescribe anticoagulation to AF 

patients at high risk of bleeding, when the thrombosis risk 

assessment justifies this course of action. 



Action Plan When OAC is 

Indicated and Patient Has High 

HAS-BLED Index 

 Modify bleeding risk factors.

 Intensify surveillance for bleeding and for triggers that cause 

bleeding.

 Consider “renal dose” for NOAC, especially in the presence of 

some renal dysfunction or frailty or age ≥ 80 years.

 Monitor renal function with vigilance.

 Prescribe PPI when indicated. 

 Consider Left Atrial Appendage Closure (Watchman)





RE-Verse AD

 RE-VERSE AD found that the effects of 

dabigatran were completely reversed in 88 to 

98% percent of anticoagulated patients 

receiving idarucizumab. For patients admitted 

with bleeding, median time to cessation of 

bleeding was 11.4 hours. For those undergoing 

urgent procedures, 92% were reported to have 

normal intraoperative hemostasis after receiving 

idarucizumab. There were five 

thrombotic events.





Anti Xa Reversal

 1. Andexanet modified human factor Xa

molecule

 2. Binds Xa inhibitors making them unable to bind 

and inhibit Xa

 3. ANNEXA-R study ongoing evaluating Safety 

and efficacy. 

 4. Entering phase 4 clinical evaluation in patients 

presenting with major bleed taking a Xa inhibitor



COST

 They are expensive

 Cost varies by insurance coverage

 Insurance may drive selection

 Competition Will Drive Down Cost



Deciphering the Pharmaco-economic Maze   
“Cost-effectiveness”

Cost:  Must take into account the costs of caring 

long-term for debilitated thromboembolic stroke 

patients and the costs of caring for intracranial 

hemorrhage when doing a “cost-effectiveness”
analysis of NOACs vs warfarin.  

However, we continue to have mostly 

“silo budgeting.”



Current view of Coumadin Clinic



Surgery and Invasive Procedures

 1. Low risk of bleeding or a location easy to 

control: Discontinue 24 hours before

 2. Moderate to high risk of bleed or difficult to 

control: Discontinue 48 hours



Considerations Before Starting 

NOAC

 Is The Patient A Candidate ( Stroke risk score)

 COMORBIDITIES ( bleed risk, renal function)

 COMPLIANCE AND COST

 NOT THE ANSWER FOR A PATIENT WHO IS NON-

COMPLIANT WITH COUMADIN

 NO HEAD TO HEAD COMPARISON OF NOAC TO 

NOAC

 CONTRAINDICATED PATIENTS WITH PROSTHETIC 

VALVES



NOACs vs Warfarin—

In summary

 NOACs generally more effective than warfarin for 
stroke prevention

 NOACs are generally safer (less bleeding, with 
some exceptions, but NOACs uniformly cause less 
intracranial hemorrhage, most devastating and 
mortality-inducing bleeding complication of 
OAC)

 NOACs, overall, reduce mortality 

 NOACs are more convenient for patient/clinician

 New Reversal agents will increase 
patient/clinician acceptance    

 Cost will come down 



Future Coumadin Clinic
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