
Stroke Prevention 
in Atrial Fibrillation

Comparative Effectiveness Review
Number 123



Comparative Effectiveness Review 
Number 123 
 
 
Stroke Prevention in Atrial Fibrillation 
 
 
Prepared for:  
Agency for Healthcare Research and Quality 
U.S. Department of Health and Human Services 
540 Gaither Road 
Rockville, MD 20850 
www.ahrq.gov 
 
 
Contract No. 290-2007-10066-I   
 
Prepared by:  
Duke Evidence-based Practice Center 
Durham, NC 
 
Investigators:  
Renato D. Lopes, M.D., Ph.D., M.H.S. 
Matthew J. Crowley, M.D. 
Bimal R. Shah, M.D. 
Chiara Melloni, M.D. 
Kathryn A. Wood, R.N., Ph.D. 
Ranee Chatterjee, M.D., M.P.H. 
Thomas J. Povsic, M.D., Ph.D. 
Matthew E. Dupre, Ph.D. 
David F. Kong, M.D. 
Pedro Gabriel Melo de Barros e Silva, M.D. 
Marilia Harumi Higuchi dos Santos, M.D. 
Luciana Vidal Armaganijan, M.D., M.H.S. 
Marcelo Katz, M.D., Ph.D. 
Andrzej Kosinski, Ph.D. 
Amanda J. McBroom, Ph.D. 
Megan M. Chobot, M.S.L.S. 
Rebecca Gray, D.Phil. 
Gillian D. Sanders, Ph.D. 
 
 
 
AHRQ Publication No. 13-EHC113-EF 
August 2013



Stroke Prevention in Atrial Fibrillation 
Structured Abstract 
Objectives. Oral anticoagulation with vitamin K antagonists (VKAs) has long been the gold 
standard therapy for stroke prevention in nonvalvular atrial fibrillation (AF). Limitations in 
monitoring and compliance of VKAs have fueled the development of new antithrombotic 
strategies, devices, and oral anticoagulants, including oral direct thrombin inhibitors and factor 
Xa inhibitors. This review updates previous reviews, particularly with regard to these newer 
treatment options and the optimal risk stratification tools for stroke and bleeding prediction.  
 
Data sources. We searched PubMed®, Embase®, and the Cochrane Database of Systematic 
Reviews for relevant English-language comparative studies published from January 1, 2000, to 
August 14, 2012.  
 
Review methods. Two investigators screened each abstract and full-text article for inclusion, 
abstracted data, rated quality and applicability, and graded evidence. When possible, random-
effects models were used to compute summary estimates of effects.  
 
Results. Our review included 122 articles (92 unique studies), comprising 37 studies relevant to 
predicting thromboembolic risk, 17 relevant to predicting bleeding risk, 43 relevant to 
interventions for preventing thromboembolic events, 13 relevant to anticoagulation strategies in 
patients undergoing invasive procedures, and no studies relevant to strategies for switching 
between warfarin and novel oral anticoagulants or to stroke prevention after a hemorrhagic 
event. Across the Key Questions addressing prediction of stroke and bleeding risk, evidence was 
limited by variability in reporting and in underlying treatment of AF. Data suggest that the 
continuous CHADS2 (Congestive heart failure, Hypertension, Age ≥75, Diabetes mellitus, prior 
Stroke/transient ischemic attack [2 points]) and continuous CHA2DS2-VASc (Congestive heart 
failure/left ventricular ejection fraction ≤40%, Hypertension, Age ≥75 [2 points], Diabetes 
mellitus, prior Stroke/transient ischemic attack/thromboembolism [2 points], Vascular disease, 
Age 65–74, Sex category female) scores have the greatest discrimination for stroke risk (c-
statistic 0.71 [95% confidence interval (CI), 0.66 to 0.75], and c-statistic 0.70 [95% CI 0.66 to 
0.75], respectively; low strength of evidence for both scores) and that the HAS-BLED 
(Hypertension, Abnormal renal/liver function, Stroke, Bleeding history or predisposition, Labile 
international normalized ratio, Elderly [>65 years], Drugs/alcohol concomitantly) score has the 
greatest discrimination for bleeding risk (moderate strength of evidence).  
 
Evidence evaluating interventions for stroke prevention was limited by the small number of 
studies for specific comparisons and lack of direct comparisons of novel anticoagulants, although 
many included studies were good-quality randomized controlled trials involving more than 5,000 
patients. We found that a factor IIa inhibitor (dabigatran 150 mg) was superior to warfarin in 
reducing the incidence of stroke (including hemorrhagic) or systemic embolism (relative risk 
[RR] 0.66; 95% CI 0.53 to 0.82), with no significant difference in the occurrence of major 
bleeding (RR 0.93; 95% CI 0.81 to 1.07) (high strength of evidence for both outcomes). The Xa 
inhibitor rivaroxaban was noninferior to warfarin in preventing stroke or systemic embolism 
(moderate strength of evidence), with similar rates of major bleeding and death (high strength of 
evidence). The Xa inhibitor apixaban was superior to warfarin in reducing the incidence of 
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stroke or systemic embolism (hazard ratio [HR] 0.79; 95% CI 0.66 to 0.95; high strength of 
evidence); major bleeding (HR 0.69; 95% CI 0.60 to 0.80; high strength of evidence); and all-
cause mortality (HR 0.89; 95% CI 0.80 to 0.998; moderate strength of evidence). Apixaban was 
also superior to aspirin in reducing the incidence of stroke or systemic embolism (HR 0.45; 95% 
CI 0.32 to 0.62), with similar hemorrhagic events, including major bleeding (HR 1.13; 95% CI 
0.74 to 1.75), in patients who are not suitable for oral anticoagulation (high strength of evidence 
for both outcomes). However, no studies directly compared the new therapies. Evidence for 
patients undergoing invasive procedures, switching among anticoagulant therapies, and starting 
or restarting anticoagulant therapy after previous major bleeding events was insufficient. 
 
Conclusions. Overall, we found that CHADS2 and CHA2DS2-VASc scores have the best 
discrimination ability for stroke events in patients with AF among the risk scores we reviewed, 
whereas HAS-BLED provides the best discrimination of bleeding risk. Imaging tools require 
further evidence in regard to their appropriate use in clinical decisionmaking. Improved evidence 
of the use of these scores among patients on therapy is also required. Newer anticoagulants show 
early promise of reducing stroke and bleeding events when compared with warfarin, and 
apixaban shows safety and efficacy in patients who are not candidates for warfarin. However, 
further studies are required for key clinical scenarios involving anticoagulation use and 
procedures, switching or bridging therapies, and when to start anticoagulation after a 
hemorrhagic event. 
 

x 



Executive Summary 
Background 

Atrial Fibrillation and Stroke 
Atrial fibrillation (AF) is a common type of supraventricular tachyarrhythmia. While a 

supraventricular tachyarrhythmia is a tachycardic rhythm originating above the ventricular 
tissue, AF is characterized by uncoordinated atrial activation with consequent deterioration of 
mechanical function.1 AF is the most common cardiac arrhythmia in clinical practice, accounting 
for approximately one-third of hospitalizations for cardiac rhythm disturbances. The estimated 
prevalence of AF is 0.4 percent to 1 percent in the general adult population,2,3 occurring in about 
2.2 million people in the United States. The prevalence increases to about 6 percent in people age 
65 or older and to 10 percent in people age 80 or older.4 The burden of AF in the United States is 
increasing. It is estimated that by the year 2050 there will be 12.1 million Americans with AF 
(95% confidence interval [CI] 11.4 to 12.9), representing more than a twofold (240%) increase 
since 2000. However, this estimate assumes no further increase in the age-adjusted incidence of 
AF beyond 2000. If the incidence of AF increases at the same pace, then the projected number of 
adults with AF would be 15.9 million, a threefold increase from 2000.5 

Although generally not as immediately life threatening as ventricular arrhythmias, AF is 
associated with significant morbidity and mortality. Patients with AF have increased risk of 
embolic stroke, heart failure, and cognitive impairment; reduced quality of life; and higher 
overall mortality.6-8 Patients with AF have a fivefold increased risk of stroke, and it is estimated 
that up to 25 percent of all strokes in the elderly are a consequence of AF.4 Furthermore, AF-
related strokes are more severe, with patients twice as likely to be bedridden as patients with 
stroke from other etiologies, and are also more likely to result in death.9-11 Consistent with the 
nature of these events, AF-related stroke constitutes a significant economic burden, costing 
Medicare approximately $8 billion annually.12  

The rate of ischemic stroke among patients with nonvalvular AF averages 5 percent per year, 
which is 2 to 7 times that of the general adult population.9 The risk of stroke increases from 1.5 
percent for patients with AF who are 50–59 years old to 23 percent for those who are 80–89 
years old.10 Prior stroke has been identified by the Stroke Risk in Atrial Fibrillation Working 
Group as the strongest risk factor, with an average risk of 10 percent per year for stroke in 
patients with AF.13 Aggressive primary prevention and intervention once these risk factors are 
present are essential to optimally manage the increased risk of developing AF and stroke 
independently or as a result of AF.  

Stroke Prevention Strategies in AF 
Management of AF involves three distinct areas: rate control, rhythm control, and prevention 

of thromboembolic events. This comparative effectiveness review (CER) focuses on the last 
area. Research for CER 119, “Treatment of Atrial Fibrillation,” focusing on the treatment of AF 
through rate or rhythm control, was conducted in parallel with this CER and is available on the 
Effective Health Care Web site (www.effectivehealthcare.ahrq.hhs.gov/reports/final.cfm). 

Strategies for preventing thromboembolic events can be categorized into (1) optimal risk 
stratification of patients and (2) prophylactic treatment of patients identified as being at risk. 
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Risk Stratification 
A number of studies have examined the appropriate populations and therapies for stroke 

prophylaxis in AF. Despite existing risk stratification tools with overlapping characteristics, the 
major risk factors for ischemic stroke and systemic embolism in patients with nonvalvular AF 
are congestive heart failure, hypertension, age ≥75 years, diabetes mellitus, and prior stroke or 
transient ischemic attack (TIA). These risk factors are the elements that form the CHADS2 
(Congestive heart failure, Hypertension, Age ≥75, Diabetes mellitus, prior Stroke/transient 
ischemic attack [2 points]) score.14 This score ranges from 0 to 6, with increasing scores 
corresponding to increasing stroke risk, and is easy to calculate and apply in clinical practice.1 
The adjusted annual rates of stroke vary from 1.9 percent in patients with a CHADS2 score of 0 
to 18.2 percent in patients with a CHADS2 score of 6. However, because of the overlap with 
factors also associated with increased risk of bleeding, the CHADS2 score currently appears to be 
underused to guide decisions about antithrombotic therapy. 

Lip and colleagues built upon the CHADS2 score and other risk stratification schema to 
develop the CHA2DS2-VASc score (Congestive heart failure/left ventricular ejection fraction 
≤40%, Hypertension, Age ≥75 [2 points], Diabetes mellitus, prior Stroke/transient ischemic 
attack/thromboembolism [2 points], Vascular disease, Age 65–74, Sex category female), which 
ranges from 0 to 9 and aims to be more sensitive than the CHADS2 score, specifically seeking to 
identify patients who are at low risk for stroke based on earlier risk scores but for whom 
antithrombotic therapy may be beneficial—for example, women and younger patients.15 

Assessing the risk of bleeding in patients with AF is as important as assessing the risk of 
stroke. Unfortunately, in clinical practice it is challenging to estimate the tradeoff between stroke 
risk and risk of bleeding complications with long-term anticoagulation therapy because many 
risk factors for stroke are also associated with increased risk of bleeding. Prothrombin time is a 
blood test that measures the time (in seconds) that it takes for a clot to form in the blood. It 
indirectly measures the activity of five coagulant factors (I, II, V, VII, and X) involved in the 
coagulation cascade. Some diseases and the use of some oral anticoagulation therapy (e.g., 
vitamin K antagonists [VKAs]) can prolong the prothrombin time. In order to standardize the 
results, the prothrombin time test can be converted to an international normalized ratio (INR) 
value, which provides the result of the actual prothrombin time over a normalized value. It has 
been demonstrated that an INR value of 2–3 provides the best tradeoff between preventing 
ischemic events and causing bleeding. Clinicians use the prothrombin time and INR as clinical 
tools to guide anticoagulation therapy.  

Many factors are potentially related to bleeding risk in general: older age, known 
cerebrovascular disease, uncontrolled hypertension, history of myocardial infarction (MI) or 
ischemic heart disease, anemia, and concomitant use of antiplatelet therapy in anticoagulated 
patients. The HAS-BLED scale (Hypertension, Abnormal renal/liver function, Stroke, Bleeding 
history or predisposition, Labile international normalized ratio, Elderly [>65 years], 
Drugs/alcohol concomitantly) was developed for estimating bleeding risk in patients with 
chronic AF treated with warfarin. Scores on this scale range from 0 to 9. A score >3 indicates a 
high risk of bleeding with oral anticoagulation and/or aspirin.16 The HAS-BLED score may aid 
decisionmaking in clinical practice and is recommended by the current European Society of 
Cardiology AF guidelines.17 However, uncertainty remains, both about whether other clinical or 
imaging tools might improve prediction of stroke or bleeding risk, and about how the available 
tools can best be disseminated into routine management of AF patients. 
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The current underutilization of risk assessment tools could be due to a number of reasons, 
including perceived lack of evidence to support routine use, limited comparative studies on the 
different tools, difficulty in using the tools at the bedside, clinical inertia, and inadequate 
provider knowledge and awareness of the existing tools. Independent assessments of the 
currently available risk assessment tools for thromboembolic events and major bleeding episodes 
are needed to highlight the relative strengths of the various tools for predicting events. Also, an 
assessment of how the application of these tools may improve outcomes could help improve their 
utility in clinical practice. Finally, the use of imaging tools for assessing thromboembolic risk 
has not been formally reviewed to date. A comparative and thorough assessment of current tools 
could assist providers in understanding the clinical value of appropriately judging risk and 
treating accordingly. 

Therapeutic Options for Stroke Prevention in AF 
VKAs are highly effective for the prevention of stroke in patients with nonvalvular AF. 

VKAs such as warfarin have been in use for over 50 years. These compounds create an 
anticoagulant effect by inhibiting the у-carboxylation of vitamin K–dependent factors (II, VII, 
IX, and X).18 In a meta-analysis of 29 randomized controlled trials (RCTs) including 28,000 
patients with nonvalvular AF, warfarin therapy led to a 64 percent relative risk reduction in 
stroke (95% CI 49 to 74%) compared with placebo. Even more importantly, warfarin therapy 
was associated with a 26 percent reduction in all-cause mortality (95% CI 3 to 34%).19 

Over the last decades, oral anticoagulation with VKAs has been the gold standard therapy for 
stroke prevention in nonvalvular AF. Thromboprophylaxis with VKAs for patients with 
nonvalvular AF at risk for stroke is, however, suboptimal, due primarily to the many limitations 
and disadvantages in use of VKAs. VKAs have a narrow therapeutic window and require 
frequent monitoring and lifestyle adjustments, which make their use less than ideal and 
adherence sometimes problematic.  

The narrow therapeutic window for warfarin has clinical implications in the undertreatment 
and overtreatment of patients, which increase the risk of thromboembolic events and bleeding, 
respectively. Warfarin-naïve patients experience a threefold increased risk of bleeding in the first 
90 days of treatment compared with patients already on warfarin.20,21 Failure to prescribe 
warfarin in eligible patients is a pervasive problem, despite the adoption of performance 
measures and guidelines advocating its use in patients with nonvalvular AF who have moderate 
to severe risk of stroke.22,23 One out of three Medicare AF patients eligible for anticoagulation 
therapy is not prescribed warfarin. In the Get With The Guidelines (GWTG) registry, only 65 
percent of eligible patients with heart failure and AF were prescribed warfarin at discharge.24,25 
Unfortunately, use of warfarin in the GWTG quality improvement program did not increase over 
time, and when warfarin was not prescribed at discharge after a stroke related to AF, initiation in 
eligible patients was low in the ambulatory setting.  

New devices and systemic therapies have been developed for stroke prophylaxis and are in 
testing or have been approved for use. Mechanical interventions for stroke prophylaxis have 
emerged and are growing in use. For example, left atrial appendage (LAA) occlusive devices are 
an alternative treatment strategy used to prevent blood clot formation in patients with AF. For 
patients with AF who are elderly (at high risk for falls), have a prior bleeding history, are 
pregnant, and/or are noncompliant (which can be a significant issue for those on warfarin), LAA 
occlusion may be a better stroke prevention strategy than oral anticoagulation. Therefore, both 
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anticoagulation and LAA occlusion need to be considered when evaluating stroke prevention 
strategies for patients with AF. 

New anticoagulants are challenging the predominance of VKAs for stroke prophylaxis in AF. 
Since 2007, three large trials comparing novel anticoagulants with VKAs have been completed, 
with a combined sample size of ~50,000 subjects: 

• RE-LY (Randomized Evaluation of Long-Term Anticoagulation Therapy), with 
approximately 18,000 subjects and evaluating the new direct factor IIa (thrombin) 
inhibitor dabigatran26 

• ROCKET AF (Rivaroxaban Once-daily, oral, direct factor Xa inhibition compared with 
vitamin K antagonism for prevention of stroke and Embolism Trial in Atrial Fibrillation), 
with approximately 14,000 subjects and evaluating the new direct factor Xa inhibitor 
rivaroxaban27 

• ARISTOTLE (Apixaban for Reduction in Stroke and Other Thromboembolic Events in 
Atrial Fibrillation), with approximately 18,000 subjects and evaluating the new direct 
factor Xa inhibitor apixaban28 

 
At the time of release of this report, all three of these agents (dabigatran, rivaroxaban, and 

apixaban) have been approved by the U.S. Food and Drug Administration (FDA). Additional 
anticoagulant therapies in the investigational stage (without FDA approval) include edoxaban 
and idraparinux.  

The evolution of newer anticoagulation agents, like those studied in the large trials above, as 
well as the risks and benefits when compared with LAA occlusion devices and older antiplatelet 
and anticoagulation strategies, make stroke prevention in AF an area of further clinical 
uncertainty. Furthermore, these new therapies highlight the need to reconsider their comparative 
effectiveness and safety when compared with standard antithrombotic and antiplatelet therapies 
and with each other. 

Even with treatment for stroke prophylaxis in patients with nonvalvular AF, numerous 
unanswered questions persist around managing patients undergoing invasive or surgical 
procedures. Patients receiving long-term anticoagulation therapy may need to stop this therapy 
temporarily before undergoing certain procedures in which the risk of bleeding is high. Because 
VKAs have a long half-life, patients need to stop these medications approximately 5 days before 
an invasive procedure. However, 5 days without an oral anticoagulant can increase the risk of 
ischemic events. Thus, one option often used in clinical practice is “bridging,” in which a 
different, parenteral anticoagulant with a shorter half-life (e.g., low–molecular-weight heparin or 
unfractionated heparin) is given preprocedure and after the oral anticoagulant is stopped. 
Usually, this parenteral anticoagulant is restarted and maintained after the procedure together 
with the VKA until the INR is in the 2–3 range. Although bridging is done in clinical practice, 
there are data demonstrating that bridging is associated with increased risk of bleeding.29-33 In 
summary, the real risk-benefit of bridging from VKAs to a parenteral anticoagulant in patients 
with AF undergoing an invasive procedure is unknown; it is currently under study in a trial 
sponsored by the National Institutes of Health called BRIDGE (Bridging Anticoagulation in 
Patients who Require Temporary Interruption of Warfarin Therapy for an Elective Invasive 
Procedure or Surgery). 

In addition, there is uncertainty regarding strategies for switching patients from warfarin to 
the new generation of direct thrombin inhibitors and about considerations when restarting 
anticoagulation in patients after a hemorrhagic event. For example, in patients with AF 
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undergoing surgery or percutaneous procedures, the duration of withholding anticoagulant 
therapy is not well defined. Also, synthesis of the evidence on the safety and timing of restarting 
patients on VKAs or antithrombin inhibitors after a hemorrhagic stroke remains lacking. These 
are complex and common scenarios, and a systematic review of the currently available data can 
provide clinicians with evidence to incorporate into their clinical practice, while at the same time 
shedding light on areas that require further research. 

Scope and Key Questions 
This CER was funded by the Agency for Healthcare Research and Quality (AHRQ) and is 

designed to evaluate the comparative safety and effectiveness of stroke prevention strategies in 
patients with nonvalvular AF. 

With input from our Key Informants, we constructed Key Questions (KQs) using the general 
approach of specifying the populations, interventions, comparators, outcomes, timing, and 
settings of interest (PICOTS). (See the section “Inclusion and Exclusion Criteria” in the Methods 
chapter of the full report for details.)  

The KQs considered in this CER are as follows: 
• KQ 1: In patients with nonvalvular atrial fibrillation, what are the comparative diagnostic 

accuracy and impact on clinical decisionmaking (diagnostic thinking, therapeutic, and 
patient outcome efficacy) of available clinical and imaging tools for predicting 
thromboembolic risk? 

• KQ 2: In patients with nonvalvular atrial fibrillation, what are the comparative diagnostic 
accuracy and impact on clinical decisionmaking (diagnostic thinking, therapeutic, and 
patient outcome efficacy) of clinical tools and associated risk factors for predicting 
bleeding events? 

• KQ 3: What are the comparative safety and effectiveness of specific anticoagulation 
therapies, antiplatelet therapies, and procedural interventions for preventing 
thromboembolic events: 

a. In patients with nonvalvular atrial fibrillation? 
b. In specific subpopulations of patients with nonvalvular atrial fibrillation? 

• KQ 4: What are the comparative safety and effectiveness of available strategies for 
anticoagulation in patients with nonvalvular atrial fibrillation who are undergoing 
invasive procedures? 

• KQ 5: What are the comparative safety and effectiveness of available strategies for 
switching between warfarin and other, novel oral anticoagulants in patients with 
nonvalvular atrial fibrillation? 

• KQ 6: What are the comparative safety and effectiveness of available strategies for 
resuming anticoagulation therapy or performing a procedural intervention as a stroke 
prevention strategy following a hemorrhagic event (stroke, major bleed, or minor bleed) 
in patients with nonvalvular atrial fibrillation? 

 
Figure A depicts the KQs within the context of the PICOTS.  
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Figure A. Analytic framework 

 
Note: AF = atrial fibrillation; DVT = deep vein thrombosis; ICH = intracranial hemorrhage; KQ = Key Question; PE = 
pulmonary embolism. 

Methods 
The methods for this CER follow those suggested in the AHRQ “Methods Guide for 

Effectiveness and Comparative Effectiveness Reviews” (Methods Guide)34 and “Methods Guide 
for Medical Test Reviews.”35 

Input From Stakeholders 
During the topic refinement stage, we solicited input from Key Informants representing 

medical professional societies/clinicians in the areas of general internal medicine, cardiology, 
cardiothoracic surgery, neurology, electrophysiology, and primary care; patients; scientific 
experts; and payers to help define the KQs. The KQs were then posted for public comment for 4 
weeks from September 19 to October 17, 2011, and the comments received were considered in 
the development of the research protocol. We next convened a Technical Expert Panel (TEP) 
comprising clinical, content, and methodological experts to provide input in defining 
populations, interventions, comparisons, and outcomes, and in identifying particular studies or 
databases to search. The Key Informants and members of the TEP were required to disclose any 
financial conflicts of interest greater than $10,000 and any other relevant business or professional 
conflicts. Any potential conflicts of interest were balanced or mitigated. Neither Key Informants 
nor members of the TEP performed analysis of any kind, nor did any of them contribute to the 
writing of this report. Members of the TEP were invited to provide feedback on an initial draft of 
the review protocol, which was then refined based on their input, reviewed by AHRQ, and 
posted for public access on the AHRQ Effective Health Care Web site.36 

Adults with 
nonvalvular 

AF

Individual characteristics: 

• Age
• Presence of heart disease
• Type of AF
• Previous thromboembolic event
• Previous bleed
• Comorbid conditions
• In therapeutic range
• Pregnant
• Noncompliant

Thromboembolic outcomes:

• Cerebrovascular infarction
• Transient ischemic attack
• Systemic embolism (excludes

PE and DVT)

Bleeding outcomes:

• Hemorrhagic stroke
• Intracerebral hemorrhage
• Subdural hematoma
• Major bleed
• Minor bleed

Other clinical outcomes:

• Mortality
• Myocardial infarction
• Infection
• Heart block
• Esophageal fistula
• Tamponade
• Dyspepsia (upset stomach)
• Health-related quality of life
• Health care utilization
• Adherence to therapy

Anticoagulation 
therapy

Procedural
interventions

Antiplatelet 
therapies

Clinical and imaging 
tools for predicting 

thromboembolic risk

Clinical tools and individual 
risk factors for predicting 

ICH bleeding risk

KQ 2

KQ 3b

KQ 4
KQ 5KQ 6

KQ 3a

Patients undergoing 
invasive procedures

Patients switching between 
warfarin and newer 

anticoagulants

Patients with 
hemorrhagic 

events

Diagnostic accuracy efficacy
Diagnostic thinking efficacy

Therapeutic efficacy
Patient outcome efficacy

KQ 1
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Literature Search Strategy 
To identify relevant published literature, we searched PubMed®, Embase®, and the Cochrane 

Database of Systematic Reviews (CDSR), limiting the search to studies published from January 
1, 2000, to August 14, 2012. We believe that the evidence published from 2000 on represents the 
current standard of care for patients with AF and relevant comorbidities. Where possible, we 
used existing validated search filters (such as the Clinical Queries Filters in PubMed). An 
experienced search librarian guided all searches. We supplemented the electronic searches with a 
manual search of citations from a set of key primary and systematic review articles.  

As a mechanism to ascertain publication bias, we searched ClinicalTrials.gov to identify 
completed but unpublished studies.  

We used several approaches to identify relevant gray literature; these included requests to 
drug and device manufacturers for scientific information packets and searches of trial registries 
and conference abstracts for relevant articles from completed studies. Gray literature databases 
included ClinicalTrials.gov, the World Health Organization International Clinical Trials Registry 
Platform search portal, and ProQuest COS Conference Papers Index.  

Inclusion and Exclusion Criteria 
Criteria used to screen articles for inclusion/exclusion at both the title-and-abstract and full-

text screening stages are detailed in Table 1 of the full report. For all KQs, the search focused on 
English-language studies (randomized controlled trials [RCTs] or observational) published since 
2000 that were comparative assessments of tools for predicting thromboembolic and bleeding 
risks, or of stroke prevention therapies for adult patients with nonvalvular AF. The following 
outcomes were considered: assessment of thromboembolic outcomes (cerebrovascular infarction, 
TIA, systemic embolism); prevention of bleeding outcomes (hemorrhagic stroke, intracranial 
hemorrhage [intracerebral hemorrhage, subdural hematoma], major and minor bleed); other 
clinical outcomes (MI, mortality), as well as diagnostic accuracy and impact on decisionmaking. 

Study Selection 
Using the prespecified inclusion and exclusion criteria, titles and abstracts were reviewed 

independently by two investigators for potential relevance to the KQs. Articles included by either 
reviewer underwent full-text screening. At the full-text review stage, paired researchers 
independently reviewed the articles and indicated a decision to include or exclude the article for 
data abstraction. Differences were reconciled through review and discussion, or through a third-
party arbitrator, if needed. Relevant review articles, meta-analyses, and methods articles were 
flagged for manual searching of references and cross-referencing against the library of citations 
identified through electronic database searching. All screening decisions were made and tracked 
in a Distiller SR database (Evidence Partners Inc., Manotick, Ontario, Canada). 

Data Extraction 
The research team created data abstraction forms and evidence table templates for each KQ. 

Based on clinical and methodological expertise, a pair of investigators was assigned to abstract 
data from each eligible article. Disagreements were resolved by consensus, or by obtaining a 
third reviewer’s opinion if consensus could not be reached.  
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Quality Assessment of Individual Studies 
We evaluated the quality of individual studies using the approach described in the Methods 

Guide.34 To assess quality, we used the following strategy: (1) classify the study design, (2) 
apply predefined criteria for quality and critical appraisal, and (3) arrive at a summary judgment 
of the study’s quality. Criteria of interest for all studies included similarity of groups at baseline, 
extent to which outcomes were described, blinding of subjects and providers, blinded assessment 
of the outcome(s), intention-to-treat analysis, differential loss to followup between the compared 
groups or overall high loss to followup, and conflicts of interest. Criteria specific to RCTs 
included methods of randomization and allocation concealment. For observational studies, 
additional elements such as methods for selection of participants, measurement of 
interventions/exposures, addressing any design-specific issues, and controlling confounding were 
considered. We used the summary ratings of good, fair, or poor based on the study’s adherence 
to well-accepted standard methodologies and adequate reporting. 

For studies of diagnostic tests (KQs 1 and 2), we used the QUality Assessment tool for 
Diagnostic Accuracy Studies (QUADAS)-237 to assess quality. QUADAS-2 describes risk of 
bias in four key domains: patient selection, index test(s), reference standard, and flow and 
timing. The questions in each domain are rated in terms of risk of bias and concerns regarding 
applicability, with associated signaling questions to help with these bias and applicability 
judgments. 

Data Synthesis 
We considered meta-analysis for comparisons for which at least three studies reported the 

same outcome. Feasibility depended on the volume of relevant literature, conceptual 
homogeneity of the studies (both in terms of study population and outcomes), and completeness 
of the reporting of results. We grouped interventions by prediction tool (KQs 1 and 2) and drug 
class or procedure (KQs 3–6), when appropriate.  

When a meta-analysis was appropriate, we used random-effects models to synthesize the 
available evidence quantitatively using Comprehensive Meta-Analysis software (Version 2; 
Biostat, Englewood, NJ) and the DerSimonian and Laird method.38 We tested for heterogeneity 
using graphical displays and test statistics (Q and I2 statistics), while recognizing that the ability 
of statistical methods to detect heterogeneity may be limited. When we were able to calculate 
hazard ratios, we assumed that a hazard ratio between 0.8 and 1.2 with a narrow confidence 
interval that also crossed 1.0 suggested no clinically significant difference between treatment 
strategies; in such cases, we describe the treatment strategies being compared as having 
“comparable efficacy.” For some outcomes, study quality or other factors affected comparability; 
these exceptions are explained on a case-by-case basis. 

For KQ 1 and KQ 2 we synthesized available c-statistics for the discrimination abilities of 
the studied tools. For a clinical prediction rule, we assumed that a c-statistic <0.6 had no clinical 
value, 0.6–0.7 had limited value, 0.7–0.8 had modest value, and >0.8 has discrimination 
adequate for genuine clinical utility.39 Of note, a risk score may have a statistically significant 
association with a clinical outcome, but the relationship may not be discriminated enough to 
allow clinicians to accurately and reproducibly separate patients who will and will not have the 
outcome. In addition, the c-statistic value is almost always higher when assessing discrimination 
accuracy in the patient dataset used to develop the model than in independent sets of patients; we 
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therefore indicate when studies being discussed were actually used to develop the models they 
describe. 

We hypothesized that the methodological quality of individual studies, study type, 
characteristics of the comparator, and patients’ underlying clinical presentation would be 
associated with the intervention effects, causing heterogeneity in the outcomes. Where there 
were sufficient studies, we performed subgroup analyses and/or meta-regression analyses to 
examine these hypotheses. 

Strength of the Body of Evidence 
We rated the strength of evidence for each KQ and outcome using the approach described in 

the Methods Guide.34,40 We assessed four domains: risk of bias, consistency, directness, and 
precision. We also assessed publication bias. These domains were considered qualitatively, and a 
summary rating of “high,” “moderate,” or “low” strength of evidence was assigned after 
discussion by two reviewers. In some cases, high, moderate, or low ratings were impossible or 
imprudent to make—for example, when no evidence was available or when evidence on the 
outcome was too weak, sparse, or inconsistent to permit any conclusion to be drawn. In these 
situations, a grade of “insufficient” was assigned. Outcomes based on evidence from RCTs or 
observational studies started with a “high” or “low” strength-of-evidence rating, respectively, 
and were downgraded for inconsistency, indirectness, or imprecision. Studies of risk prediction 
outcomes started with moderate strength of evidence.41 We assumed that outcomes based on only 
one study should not be downgraded for lack of consistency if the study included more than 
1,000 patients. Intention-to-treat findings were evaluated when available and form the basis of 
our strength-of-evidence ratings. When only on-treatment findings were available, our 
confidence in the stability of our findings was reduced, and therefore the related strength-of-
evidence rating was lowered. Finally, when outcomes were assessed by large RCTs and smaller 
studies, we focused our strength-of-evidence rating on the findings from the large RCTs and then 
increased or decreased the strength-ofevidence rating depending on whether findings from the 
smaller studies were consistent or inconsistent with those from the large RCTs. 

Applicability 
We assessed applicability across our KQs using the method described in the Methods 

Guide.34,42 In brief, this method uses the PICOTS format as a way to organize information 
relevant to applicability. The most important issue with respect to applicability is whether the 
outcomes are different across studies that recruit different populations (e.g., age groups, 
exclusions for comorbidities) or use different methods to implement the interventions of interest; 
that is, important characteristics are those that affect baseline (control-group) rates of events, 
intervention-group rates of events, or both. We summarized issues of applicability qualitatively.  

Results 

Results of Literature Searches 
Figure B depicts the flow of articles through the literature search and screening process. 

Searches of PubMed®, Embase®, and CDSR yielded 7,417 unique citations. Manual searching of 
gray literature databases, bibliographies of key articles, and information received through 
requests for scientific information packets identified 208 additional citations, for a total of 7,625 

ES-9 



citations. After applying inclusion/exclusion criteria at the title-and-abstract level, 704 full-text 
articles were retrieved and screened. Of these, 582 were excluded at the full-text screening stage, 
leaving 122 articles for data abstraction. These 122 articles described 92 unique studies. The 
relationship of studies to the review questions is as follows: 37 studies relevant to KQ 1, 17 
studies relevant to KQ 2, 43 studies relevant to KQ 3, 13 studies relevant to KQ 4, 0 studies 
relevant to KQ 5, and 0 studies relevant to KQ 6. (Some studies were relevant to more than one 
KQ.) Nearly all the studies were conducted in Europe, the United States, or Canada, suggesting 
that the level of care and comedications overall were roughly similar to those available to the 
U.S. population. 

As described in the Methods chapter in the full report, we searched ClinicalTrials.gov to 
identify completed but unpublished studies as a mechanism for ascertaining publication bias. We 
found only 14 potentially relevant trials that had been completed for more than a year and 
remained unpublished, all of which pertained to KQ 3. However, these 14 unpublished studies 
provided data on only 8,879 patients, while the 43 published studies included for KQ 3 in this 
review involved more than 433,500 patients. Therefore we do not believe there is significant 
publication bias in the evidence base that would impact our overall conclusions for any of the 
KQs. 
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Figure B. Literature flow diagram 

 
aSome studies were relevant to more than one KQ. 
Note: KQ = Key Question. 

7,417 unique citations identified 
by literature search:

PubMed: 3,573 
Embase: 3,834
Cochrane: 10

Manual searching: 208

7,625 citations identified

6,921 abstracts excluded 

704 passed abstract screening

122 articles
representing 92 studies 

passed full-text screening

582 articles excluded:
- Not available in English: 2
- Not a clinical study: 66
- Not original peer-reviewed data/abstract only: 143
- Population is not patients with nonvalvular atrial fibrillation: 77
- No intervention/comparator of interest: 179
- No outcomes of interest: 115

Data abstracted for 92 studies:a
KQ 1: 37 studies
KQ 2: 17 studies
KQ 3: 43 studies
KQ 4: 13 studies
KQ 5:   0 studies
KQ 6:   0 studies
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KQ 1. Predicting Thromboembolic Risk 
Key points are as follows: 
• Comparison of risk scores between study populations was complicated by multiple 

factors. Included studies used heterogeneous populations; some participants were on and 
some were off antiplatelets and anticoagulants at baseline. Also, few studies used clinical 
validation in their report of stroke rates, instead relying on administrative data, chart 
review, or other measures that did not use consistent definitions and were not similar 
across studies, complicating synthesis of their findings. Furthermore, although event rates 
were consistently reported, c-statistics and measures of calibration, strength of 
association, and diagnostic accuracy were inconsistently reported. No studies performed 
net reclassification improvement (NRI) in their selected population. As a result, our 
ability to draw firm conclusions was limited. 

• Based on a meta-analysis of eight studies (five good quality, three fair quality; 379,755 
patients), there is low strength of evidence that the continuous CHADS2 score provides 
modest stroke risk discrimination (c-statistic of 0.71; 95% CI 0.66 to 0.75). 

• Based on a meta-analysis of five studies (four good quality, one fair quality; 371,911 
patients), there is low strength of evidence that the continuous CHA2DS2-VASc score 
provides modest stroke risk discrimination (c-statistic of 0.70; 95% CI 0.66 to 0.75). 

• Based on a meta-analysis of five studies (four good quality, one fair quality; 259,253 
patients), there is moderate strength of evidence that the categorical Framingham score 
provides limited stroke risk discrimination (c-statistic of 0.63; 95% CI 0.62 to 0.65). 

• Given the imprecision and inconsistency across studies of c-statistics for the categorical 
CHADS2 and CHA2DS2-VASc scores, there is insufficient evidence of their ability to 
discriminate stroke risk. 

• There is insufficient evidence for the relationship between left atrial thrombus on 
echocardiography and subsequent stroke based on five studies (three good quality, two 
fair quality; 1,228 patients) that reported discrepant results. 

• Of the tools reviewed, the CHADS2 and CHA2DS2-VASc continuous risk scores appear 
to be similar and have the most discrimination of stroke events when compared with the 
CHADS2 categorical score, the CHA2DS2-VASc categorical score, and the Framingham 
categorical score. This finding was, however, statistically significant only for the 
comparison with the Framingham categorical score. Other comparisons were not possible 
given limited data. 

 
Overall, 37 articles published from 2001 to 2012 investigated our included tools for 

determining stroke risk in patients with nonvalvular AF and met the other inclusion criteria for 
KQ 1. These articles explored tools in studies of diverse quality, design, geographical location, 
and study characteristics. Fourteen included studies were of good quality, 21 of fair quality, and 
2 of poor quality. Most studies were conducted in outpatient settings and did not report funding 
source. The studies were divided between single-center and multicenter design and covered 
broad geographical locations, with 16 studies conducted in Europe, 8 in the United States, 7 in 
Asia, and 2 in multiple nations; 1 study did not report geography of enrollment. 

The number of patients included in studies ranged from fewer than 100 to 170,291, with 
overlap in patient populations between some studies; altogether, the included studies analyzed 
data from almost 500,000 unique patients. The mean age of study participants ranged from 53 to 
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81 years. None of the studies presented data on ethnicity of subjects. Male sex ranged from 44 
percent to 84 percent in the included studies. Study followup duration ranged from 1 to 12 years.  

Sixteen studies used prospective cohorts to identify patients, while 19 studies utilized 
retrospective cohorts, and 2 studies were RCTs.  

Many studies examined multiple risk stratification scores concurrently. The tool most 
commonly examined for risk stratification was the CHADS2 score (27 studies). Ten studies 
examined the CHA2DS2-VASc, and six the Framingham risk tool. Six studies examined the use 
of transesophageal echocardiography for evaluation of left atrial characteristics and stroke risk, 
and one study used magnetic resonance imaging to examine this relationship. Finally, four 
studies described the prediction role of INR values for stroke risk. 

Table A summarizes the strength of evidence for the thromboembolic risk discrimination 
abilities of the included tools. Details about the specific components of these ratings (risk of bias, 
consistency, directness, and precision) are available in the full report. 

Table A. Summary of strength of evidence and c-statistic estimates for KQ 1 (discrimination of 
thromboembolic risk) 

Tool Number of Studies (Subjects) Strength of Evidence and Effect Estimatea 
CHADS2 (categorical) 8 (380,669) SOE = Insufficient 
CHADS2 (continuous) 8 (379,755) SOE = Low 

Modest risk discrimination ability (c-statistic 
= 0.71; 95% CI 0.66 to 0.75) 

CHA2DS2-VASc (categorical) 6 (332,009) SOE = Insufficient 
CHA2DS2-VASc (continuous) 5 (371,911) SOE = Low 

Modest risk discrimination ability (c-statistic 
= 0.70; 95% CI 0.66 to 0.75) 

Framingham (categorical) 5 (259,253) SOE = Moderate 
Limited risk discrimination ability (c-statistic 

= 0.63; 95% CI 0.62 to 0.65) 
Framingham (continuous) 4 (262,151) SOE = Low 

Limited risk discrimination ability (c-statistic 
ranges between 0.64 and 0.69 across 

studies) 
Imaging 0 SOE = Insufficient 
INR 0 SOE = Insufficient 

aAll SOE ratings of “Insufficient” are shaded. 
Note: CHADS2 = Congestive heart failure, Hypertension, Age ≥75, Diabetes mellitus, prior Stroke/transient ischemic attack (2 
points); CHA2DS2-VASc = Congestive heart failure/left ventricular ejection fraction ≤40%, Hypertension, Age ≥75 (2 points), 
Diabetes mellitus, prior Stroke/transient ischemic attack/thromboembolism (2 points), Vascular disease, Age 65–74, Sex category 
female; CI = confidence interval; INR = international normalized ratio; SOE = strength of evidence. 

KQ 2. Predicting Bleeding Risk 
Key points are as follows: 
• Comparison of risk scores between study populations was complicated by multiple 

factors. First, included studies used different approaches to calculating bleeding risk 
scores of interest due to unavailable data, such as genetic factors in HEMORR2HAGES 
(Hepatic or renal disease, Ethanol abuse, Malignancy, Older [age >75 years], Reduced 
platelet count or function, Rebleeding risk [2 points], Hypertension [uncontrolled], 
Anemia, Genetic factors, Excessive fall risk, Stroke) or data on INR lability for HAS-
BLED. Second, some studies were unable to validate clinical bleeding events, which 
could have affected their estimates of the performance of these risk scores. Third, 
although studies consistently reported event rates and c-statistics, measures of calibration, 
strength of association, and diagnostic accuracy were inconsistently reported.  
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• Among AF patients on warfarin, nine studies (six good quality, two fair quality, one poor 
quality; 319,183 patients) compared different risk scores (Bleeding Risk Index [BRI], 
HEMORR2HAGES, HAS-BLED, and ATRIA [Anticoagulation and Risk Factors in 
Atrial Fibrillation]) in predicting major bleeding events. These studies differed markedly 
in population, major bleeding rates, and statistics reported for evaluating risk prediction 
scores for major bleeding events. Limited evidence favors HAS-BLED based on two 
studies demonstrating that it has significantly higher discrimination (by c-statistic) for 
major bleeding events than other scores among patients on warfarin, but the majority of 
studies showed no statistically significant differences in discrimination, reducing the 
strength of evidence. One study showed that HAS-BLED had a significantly higher NRI 
than ATRIA for patients on warfarin, while another showed that HAS-BLED had a 
significantly higher NRI than three other scores in a mixed group of patients on and off 
warfarin (low strength of evidence).  

• Among AF patients on warfarin, one study (good quality; 48,599 patients) compared 
HEMORR2HAGES and HAS-BLED in predicting intracranial hemorrhage (ICH). This 
study showed no statistically significant difference in discrimination between the two 
scores (low strength of evidence). 

• Among AF patients on aspirin alone, three studies (two good quality, one fair quality; 
177,538 patients) comparing different combinations of bleeding risk scores (BRI, 
HEMORR2HAGES, and HAS-BLED) in predicting major bleeding events showed no 
statistically significant differences in discrimination (low strength of evidence). 

• Among AF patients not on antithrombotic therapy, six studies (four good quality, two fair 
quality; 310,607 patients) comparing different combinations of bleeding risk scores (BRI, 
HEMORR2HAGES, HAS-BLED, and ATRIA) in predicting major bleeding events 
showed no statistically significant differences in discrimination (low strength of 
evidence). 

 
Seventeen studies met our inclusion criteria. Athough these studies shared a focus on 

outpatient settings, they varied in geographical location, study design, quality, and patient 
characteristics. Five studies analyzed prospective data (including data from RCTs), while 12 
analyzed retrospective data (including registries). Eleven studies were conducted primarily in the 
outpatient setting, three did not report setting, and three were conducted in the inpatient setting. 
Nearly two-thirds of the studies were multicenter (11/17, 65%); 10 were conducted in Europe, 4 
in the United States, and 1 in Asia; 1 study was multinational. Eight studies were of good 
methodological quality, six were of fair quality, and three were of poor quality. 

The number of patients included in studies ranged from fewer than 600 to 170,291, with 
overlap in patient populations between some studies. Altogether, the included studies analyzed 
data from approximately 250,000 unique patients. The mean age of study participants ranged 
from 65 to 80 years. The proportion of male patients ranged from approximately 40 to 60 
percent. Study followup duration ranged from 1 to 12 years. Regarding the outcomes assessed, 
all 17 studies evaluated bleeding risk prediction scores with respect to major bleeding; 2 
evaluated bleeding risk prediction scores with respect to ICH as a separate outcome (ICH was 
also included in definitions of major bleeding); and 1 study reported these outcomes with respect 
to minor bleeding. Clinical tools of interest included risk scores and INR indexes (INR, time in 
therapeutic range [TTR], and standard deviation of transformed INR [SDTINR]). 
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Table B summarizes the strength of evidence for the bleeding risk discrimination abilities of 
the included tools. This summary table represents only those studies that evaluated the risk 
discrimination abilities of the tools using a c-statistic. Details about the specific components of 
these ratings (risk of bias, consistency, directness, and precision) are available in the full report. 

Table B. Summary of strength of evidence and c-statistic estimates for KQ 2 (discrimination of 
bleeding risk) 

Tool Number of Studies (Subjects) Strength of Evidence and Effect Estimatea 
Summary c-Statistic 
BRI 5 (47,684) SOE = Moderate 

Limited risk discrimination ability (c-statistic 
ranging from 0.56 to 0.65) 

HEMORR2HAGES 8 (318,246) SOE = Moderate 
Limited risk discrimination ability (c-statistic 

ranging from 0.53 to 0.78) 
HAS-BLED 8 (313,294) SOE = Moderate 

Modest risk discrimination ability (c-statistic 
ranging from 0.58 to 0.80) 

ATRIA 4 (15,732) SOE = Insufficient 
Comparative Risk Discrimination Abilities 
Major bleeding events among 
patients with AF on warfarin 

9 (319,183) SOE = Low 
Favors HAS-BLED 

Intracranial hemorrhage among 
patients with AF on warfarin 

1 (48,599) SOE = Low 
No difference 

Major bleeding events among 
patients with AF on aspirin 
alone 

3 (177,538) SOE = Low 
No difference 

Major bleeding events among 
patients with AF not on 
antithrombotic therapy 

6 (310,607) SOE = Low 
No difference 

aAll SOE ratings of “Insufficient” are shaded. 
Note: AF = atrial fibrillation; ATRIA = Anticoagulation and Risk Factors in Atrial Fibrillation; BRI = Bleeding Risk Index; CI = 
confidence interval; HAS-BLED = Hypertension, Abnormal renal/liver function, Stroke, Bleeding history or predisposition, 
Labile international normalized ratio, Elderly (>65 years), Drugs/alcohol concomitantly; HEMORR2HAGES = Hepatic or renal 
disease, Ethanol abuse, Malignancy, Older (age >75 years), Reduced platelet count or function, Re-bleeding risk (2 points), 
Hypertension (uncontrolled), Anemia, Genetic factors, Excessive fall risk, Stroke; KQ = Key Question; SOE = strength of 
evidence. 

KQ 3. Interventions for Preventing Thromboembolic Events 
Key points are as follows: 
• Based on four retrospective studies (one good quality, two fair quality, and one poor 

quality) involving 170,642 patients, warfarin reduces the risk of nonfatal and fatal 
ischemic stroke compared with aspirin (moderate strength of evidence); on the other 
hand, based on three studies (one good quality, one fair quality, and one poor quality) 
involving 99,876 patients, warfarin is associated with increased annual rates of severe 
bleeding complications compared with aspirin (moderate strength of evidence).  

• In patients not eligible for warfarin, the combination of aspirin + clopidogrel is more 
effective than aspirin alone for preventing any stroke. This conclusion is based on one 
large good-quality trial involving 7,554 patients that showed lower rates of stroke for 
combination therapy, but the strength of evidence was rated as only moderate because a 
much smaller study (593 patients) did not find any difference. In the large RCT, the 
combination of aspirin + clopidogrel was associated with higher rates of major bleeding 
than aspirin alone (high strength of evidence). 
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• Based on one large retrospective good-quality study involving 54,636 patients, warfarin 
reduces the risk of nonfatal and fatal ischemic stroke compared with clopidogrel 
monotherapy, with no differences in major bleeding (moderate strength of evidence). 

• Based on one large good-quality RCT of 6,706 patients, warfarin is superior to aspirin + 
clopidogrel for the prevention of stroke or systemic embolism and reduction in minor 
bleeding, although this did not result in a difference in all-cause mortality (high strength 
of evidence for all three outcomes). There was moderate strength of evidence that 
warfarin increases hemorrhagic stroke risk and that there is no difference between 
therapies for MI or death from vascular causes. A retrospective good-quality study of 
53,778 patients confirmed the stroke outcome findings. 

• Adding clopidogrel to warfarin shows a trend toward a benefit on stroke prevention (low 
strength of evidence) and is associated with increased risk of nonfatal and fatal bleeding 
compared with warfarin alone (moderate strength of evidence). These findings are based 
on one good-quality retrospective study involving 52,349 patients. 

• Triple therapy with warfarin + aspirin + clopidogrel substantially increases the risk of 
nonfatal and fatal bleeding (moderate strength of evidence) and also shows a trend 
toward increased ischemic stroke (low strength of evidence) compared with warfarin 
alone. These findings are based on one good-quality retrospective study involving 52,180 
patients. 

• A factor IIa inhibitor (dabigatran) at a 150 mg dose is superior to warfarin in reducing the 
incidence of the composite outcome of stroke (including hemorrhagic) or systemic 
embolism, with no significant difference in the occurrence of major bleeding (high 
strength of evidence for both outcomes) or all-cause mortality (moderate strength of 
evidence). However, dabigatran increases MI risk (moderate strength of evidence). These 
findings are based on one large good-quality RCT involving 12,098 patients from the 
larger RE-LY trial of 18,113 patients.  

• A factor IIa inhibitor (dabigatran) at a 110 mg dose is noninferior to warfarin for the 
composite outcome of stroke or systemic embolism and is associated with a reduction in 
major bleeding when compared with warfarin (high strength of evidence for both 
outcomes), but there is no difference in all-cause mortality (moderate strength of 
evidence). Dabigatran increases MI risk, although this finding did not reach statistical 
significance (low strength of evidence). The rates of ICH are significantly lower with 
both dabigatran doses (150 mg and 110 mg) compared with warfarin (high strength of 
evidence). These findings are based on one large good-quality RCT involving 12,037 
patients from the larger RE-LY trial of 18,113 patients. Of note, the 150 mg dabigatran 
dose is FDA approved and marketed in the United States; the 110 mg dose is not. 

• The Xa inhibitor apixaban is superior to aspirin in reducing the incidence of stroke or 
systemic embolism, with similar major bleeding risk, in patients who are not suitable for 
oral anticoagulation (high strength of evidence for both outcomes). These findings are 
based on one good-quality RCT involving 5,599 patients. 

• The Xa inhibitor apixaban is superior in reducing the incidence (separately) of (1) stroke 
or systemic embolism (high strength of evidence), (2) major bleeding (high strength of 
evidence), and (3) all-cause mortality (moderate strength of evidence) compared with 
warfarin. These findings are based on similar findings from one good-quality RCT 
involving 18,201 patients and one small fair-quality RCT involving 222 Japanese 
patients. 
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• The Xa inhibitor rivaroxaban is noninferior to warfarin in preventing stroke or systemic 
embolism (moderate strength of evidence), with similar rates of major bleeding 
(moderate strength of evidence) and all-cause mortality (high strength of evidence). 
These findings are based on one large good-quality RCT involving 14,264 patients and a 
second good-quality RCT involving 1,280 Japanese patients. 

• Percutaneous LAA closure shows trends toward a benefit over warfarin for all strokes 
and all-cause mortality (low strength of evidence for both outcomes). Although LAA 
with percutaneous closure results in less frequent major bleeding than warfarin (low 
strength of evidence), it is also associated with a higher rate of adverse safety events 
(moderate strength of evidence). These findings are based on one good-quality RCT 
involving 707 patients. LAA-occluding devices are currently investigational, pending 
approval by the FDA.  

• Based on two substudies of the ROCKET AF and ARISTOTLE trials for rivaroxaban and 
apixaban, respectively, patients with renal impairment benefited equally for stroke 
prevention from the new anticoagulant agents compared with warfarin. Results were also 
similar in a substudy of the AVERROES (Apixaban Versus Acetylsalicylic acid [ASA] to 
Prevent Stroke in Atrial Fibrillation Patients Who Have Failed or Are Unsuitable for 
Vitamin K Antagonist Treatment) trial comparing apixaban with aspirin, which 
demonstrated equal benefit in stroke prevention for patients with renal impairment (low 
strength of evidence). 

• Patients with different INR control and with prior stroke seem to benefit equally for 
stroke prevention from the new anticoagulant agents compared with warfarin or aspirin 
(low strength of evidence). This finding is based on four studies of patients at centers 
with different INR control, and seven studies of patients with prior stroke. 

 
Forty-three studies published between 2000 and 2012 were identified. The majority of 

studies (n=28) were multicenter and included outpatients (n=22). A total of 22 RCTs, 12 
retrospective studies, 8 prospective cohorts, and 1 case-control study were included in our 
analyses. The number of patients included in studies ranged from 30 to 132,372, with a total of 
433,502 patients. Nineteen studies were sponsored by industry; 3 were sponsored by 
government; 3 received funding from nongovernment, nonindustry sources; 5 received funding 
from multiple sources including government, industry, nongovernment, and nonindustry; and 13 
either had no sponsorship or this information was unclear. Twenty-one studies were considered 
good quality, 15 fair quality, and 7 poor quality. 

Figure C represents the treatment comparisons evaluated for this KQ.  

ES-17 



Figure C. Overview of treatment comparisons evaluated for KQ 3 

 
Note: Numbers refer to numbers of comparisons. 
ASA = aspirin; KQ = Key Question; LAA = left atrial appendage. 

As Figure C shows, most comparisons were explored in only a limited number of studies, 
although many of these were good-quality RCTs involving more than 5,000 patients. The 
comparisons of Xa inhibitor versus warfarin and aspirin versus warfarin were the only 
comparisons for which we identified more than two studies. We looked at several subgroups of 
interest, including patients not eligible for warfarin use, patients with AF, patients with 
paroxysmal versus sustained AF, patients with AF undergoing cardioversion, patients with AF 
after stroke, patients with AF and different thromboembolic risks, patients with AF according to 
INR control, elderly patients with AF, patients with AF undergoing drug-eluting stent 
implantation, and patients with AF and MI. Patients with renal impairment, with different INR 
control, and with prior stroke seem to benefit equally from the new anticoagulant agents 
compared with warfarin (low strength of evidence). Evidence in other patient subgroups was 
insufficient to support conclusions. 

Table C summarizes the strength of evidence for interventions for preventing 
thromboembolic events. Details about the specific components of these ratings (risk of bias, 
consistency, directness, and precision) and SOE ratings for additional outcomes (minor bleeding, 
systemic embolism, and hospitalization) are available in the full report. 
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Table C. Summary of strength of evidence and effect estimates for KQ 3 (interventions for 
preventing thromboembolic events) 

Outcome 
Number of 

Studies 
(Subjects) 

SOE and Magnitude of Effecta 
(95% CI) 

ASA vs. Warfarin 
Ischemic 
stroke 

4 (170,642) SOE = Moderate 
4 retrospective studies showing consistent reduction in stroke with warfarin 

Bleeding 3 (99,876) SOE = Moderate 
Warfarin associated with increased rates of bleeding 

All-cause 
mortality 

1 (601) SOE = Insufficient 

Warfarin + ASA vs. Warfarin Alone 
Ischemic 
stroke 

1 (69,264) SOE = Moderate 
Increased with warfarin + ASA (HR 1.27; 95% CI 1.14 to 1.40)  

Bleeding 1 (69,264) SOE = Moderate 
Increased with warfarin + ASA (HR 1.83; 95% CI 1.72 to 1.96) 

Clopidogrel + ASA vs. ASA Alone 
Any stroke 2 (8,147) SOE = Moderate 

Lower rates with combined therapy (HR 0.72; 95% CI 0.62 to 0.83) 
Ischemic 
stroke 

2 (8,147) SOE = Low 
Lower rates with combined therapy (HR 0.68; 95% CI 0.57 to 0.80) 

Hemorrhagic 
stroke 

2 (8,147) SOE = Moderate 
Similar between therapies in both studies 

Systemic 
embolism 

1 (7,554) SOE = Moderate 
Similar between therapies (HR 0.96; 95% CI 0.66 to 1.40) 

Major bleeding 1 (7,554) SOE = High 
Clopidogrel + ASA associated with higher rates (HR 1.57; 95% CI 1.29 to 1.92) 

Minor bleeding 1 (7,554) SOE = High 
Clopidogrel + ASA associated with higher rates (HR 2.42; 95% CI 2.03 to 2.89) 

Intracranial 
bleeding 

2 (8,147) SOE = Low 
Higher rates with clopidogrel + ASA (HR 1.87; 95% CI 1.19 to 2.94) 

Extracranial 
bleeding 

2 (8,147) SOE = High 
Higher rates with clopidogrel + ASA (HR 1.51; 95% CI 1.21 to 1.88) 

All-cause 
mortality 

2 (8,147) SOE = Moderate 
No difference (HR 0.98 [95% CI 0.89 to 1.08] in one study; HR 1.12 [95% CI 

0.65 to 1.90] in other study) 
Death from 
vascular 
causes 

2 (8,147) SOE = Low 
No difference based on large RCT (HR 1.00; 95% CI 0.89 to 1.12), although a 
smaller study showed a trend toward a benefit of ASA alone (HR 1.68; 95% CI 

0.83 to 3.42) 
Myocardial 
infarction 

2 (8,147) SOE = Low 
No difference based on large RCT (HR 0.78; 95% CI 0.59 to 1.03), although a 
smaller study showed a trend toward a benefit of ASA alone (HR 1.43; 95% CI 

0.51 to 4.01) 
Hospitalization 1 (593) SOE = Insufficient 
Clopidogrel vs. Warfarin 
Ischemic 
stroke 

1 (54,636) SOE = Moderate 
Increased risk with clopidogrel (HR 1.86; 95% CI 1.52 to 2.27) 

Bleeding 1 (54,636) SOE = Moderate 
Similar between therapies (HR 1.06; 95% CI 0.87 to 1.29) 
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Table C. Summary of strength of evidence and effect estimates for KQ 3 (interventions for 
preventing thromboembolic events) (continued) 

Outcome Number of 
Studies 

(Subjects) 

SOE and Magnitude of Effecta 

(95% C) 

Clopidogrel + ASA vs. Warfarin 
Stroke or 
systemic 
embolism 

2 (60,484) SOE = High 
Increased risk with clopidogrel + ASA in both studies (HR 1.56 [95% CI 1.17 to 

2.10] in one study; HR 1.72 [95% CI 1.24 to 2.37] in other study) 
Hemorrhagic 
stroke 

1 (6,706) SOE = Moderate 
Increased risk with warfarin (HR 0.34; 95% CI 0.12 to 0.93) 

Major bleeding 2 (60,484) SOE = Low 
Similar rates between therapies (HR 1.10; 95% CI 0.83 to 1.45) 

Minor bleeding 1 (6,706) SOE = High 
Increased risk with clopidogrel + ASA (HR 1.23; 95% CI 1.09 to 1.39) 

Intracranial 
bleeding 

1 (6,706) SOE = Insufficient 

All-cause 
mortality 

1 (6,706) SOE = High 
No difference (HR 1.01; 95% CI 0.81 to 1.26) 

Death from 
vascular 
causes 

1 (6,706) SOE = Moderate 
No difference (HR 1.14; 95% CI 0.88 to 1.48) 

Myocardial 
infarction 

1 (6,706) SOE = Moderate 
No difference (myocardial infarction occurred at rates of <1% per year with both 

therapies)  
Warfarin + Clopidogrel vs. Warfarin Alone 
Ischemic 
stroke 

1 (52,349) SOE = Low 
Trend toward benefit of warfarin + clopidogrel (HR 0.70; 95% CI 0.35 to 1.40) 

Bleeding 1 (52,349) SOE = Moderate 
Higher for patients on warfarin + clopidogrel (HR 3.08; 95% CI 2.32 to 3.91)  

Warfarin Alone vs. Warfarin + ASA + Clopidogrel 
Ischemic 
stroke 

1 (52,180) SOE = Low 
Trend toward being higher for patients on triple therapy (HR 1.45; 95% CI 0.84 

to 2.52) 
Bleeding 1 (52,180) SOE = Moderate 

Higher for patients on triple therapy (HR 3.70; 95% CI 2.89 to 4.76)  
Factor IIa Inhibitor (Dabigatran 150 mg) vs. Warfarin 
Stroke or 
systemic 
embolism 

1 (12,098) SOE = High 
Dabigatran reduced risk (RR 0.66; 95% CI 0.53 to 0.82) 

Ischemic or 
uncertain 
stroke 

1 (12,098) SOE = Moderate 
Dabigatran reduced risk (RR 0.76; 95% CI 0.60 to 0.98) 

Hemorrhagic 
stroke 

1 (12,098) SOE = High 
Dabigatran reduced risk (RR 0.26; 95% CI 0.14 to 0.49) 

Major bleeding 1 (12,098) SOE = High 
No difference (RR 0.93; 95% CI 0.81 to 1.07) 

Minor bleeding 1 (12,098) SOE = Moderate 
Dabigatran reduced risk (RR 0.91; 95% CI 0.85 to 0.97) 

Intracranial 
bleeding 

1 (12,098) SOE = High 
Dabigatran reduced risk (RR 0.40; 95% CI 0.27 to 0.60) 

All-cause 
mortality 

1 (12,098) SOE = Moderate 
No difference (RR 0.88; 95% CI 0.77 to 1.00) 

Death from 
vascular 
causes 

1 (12,098) SOE = Moderate 
Dabigatran reduced risk (RR 0.85; 95% CI 0.72 to 0.99) 
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Table C. Summary of strength of evidence and effect estimates for KQ 3 (interventions for 
preventing thromboembolic events) (continued) 

Outcome Number of 
Studies 

(Subjects) 

SOE and Magnitude of Effecta 

(95% C) 

Myocardial 
infarction 

1 (12,098) SOE = Moderate 
Dabigatran increased risk (RR 1.38; 95% CI 1.00 to 1.91) 

Hospitalization 1 (12,098) SOE = High 
No difference (RR 0.97; 95% CI 0.92 to 1.03) 

Adverse events 1 (12,098) SOE = Moderate 
Dyspepsia more common with dabigatran (11.3% of patients with dabigatran 
150 mg vs. 5.8% with warfarin; p <0.001). No differences in liver function or 

other adverse events between therapies. 
Factor IIa Inhibitor (Dabigatran 110 mg) vs. Warfarin 
Stroke or 
systemic 
embolism 

1 (12,037) SOE = High 
No difference (RR 0.91; 95% CI 0.74 to 1.11) 

Ischemic or 
uncertain 
stroke 

1 (12,037) SOE = Moderate 
No difference (RR 1.11; 95% CI 0.89 to 1.40) 

Hemorrhagic 
stroke 

1 (12,037) SOE = High 
Dabigatran reduced risk (RR 0.31; 95% CI 0.17 to 0.56) 

Major bleeding 1 (12,037) SOE = High 
Dabigatran reduced risk (RR 0.80; 95% CI 0.69 to 0.93) 

Minor bleeding 1 (12,037) SOE = High 
Dabigatran reduced risk (RR 0.79; 95% CI 0.74 to 0.84) 

Intracranial 
bleeding 

1 (12,037) SOE = High 
Dabigatran reduced risk (RR 0.31; 95% CI 0.20 to 0.47) 

All-cause 
mortality 

1 (12,037) SOE = Moderate 
No difference (RR 0.91; 95% CI 0.80 to 1.03) 

Death from 
vascular 
causes 

1 (12,037) SOE = Moderate 
No difference (RR 0.90; 95% CI 0.77 to 1.06) 

Myocardial 
infarction 

1 (12,037) SOE = Low 
Dabigatran increased risk, although the difference did not reach statistical 

significance (RR 1.35; 95% CI 0.98 to 1.87) 
Hospitalization 1 (12,037) SOE = High 

Dabigatran reduced risk (RR 0.92; 95% CI 0.87 to 0.97) 
Adverse events 1 (12,037) SOE = Moderate 

Dyspepsia more common with dabigatran (11.8% of patients with dabigatran 
110 mg vs. 5.8% with warfarin; p <0.001). No differences in liver function or 

other adverse events between therapies. 
Xa Inhibitor (Apixaban) vs. Warfarin 
Stroke or 
systemic 
embolism 

2 (18,423) SOE = High 
Apixaban reduced risk (HR 0.79; 95% CI 0.66 to 0.95) 

Ischemic 
stroke 

1 (18,201) SOE = High 
No difference (HR 0.92; 95% CI 0.74 to 1.13) 

Hemorrhagic 
stroke 

1 (18,201) SOE = High 
Apixaban reduced risk (HR 0.51; 95% CI 0.35 to 0.75) 

Systemic 
embolism 

2 (18,423) SOE = Moderate 
No difference (HR 0.87; 95% CI 0.44 to 1.75) 

Major bleeding 2 (18,423) SOE = High 
Apixaban reduced risk (HR 0.69; 95% CI 0.60 to 0.80) 

Intracranial 
bleeding 

1 (18,201) SOE = High 
Apixaban reduced risk (HR 0.42; 95% CI 0.30 to 0.58) 

All-cause 
mortality 

2 (18,423) SOE = Moderate 
Apixaban reduced risk (HR 0.89; 95% CI 0.80 to 0.998) 
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Table C. Summary of strength of evidence and effect estimates for KQ 3 (interventions for 
preventing thromboembolic events) (continued) 

Outcome Number of 
Studies 

(Subjects) 

SOE and Magnitude of Effecta 

(95% C) 

Death from 
cardiovascular 
causes 

1 (18,201) SOE = High 
No difference (HR 0.89; 95% CI 0.76 to 1.04) 

Myocardial 
infarction 

1 (18,201) SOE = Moderate 
No difference (HR 0.88; 95% CI 0.66 to 1.17) 

Adverse events 2 (18,423) SOE = Moderate 
Adverse events occurred in almost equal proportions of patients in the apixaban 

and the warfarin therapy arms  
Xa Inhibitor (Rivaroxaban) vs. Warfarin 
Stroke or 
systemic 
embolism 

2 (15,544) SOE = Moderate 
No difference (HR 0.88; 95% CI 0.74 to 1.03) 

Ischemic 
stroke 

1 (14,264) SOE = Moderate 
No difference in on-treatment analyses (HR 0.94; 95% CI 0.75 to 1.17) 

Hemorrhagic 
stroke 

2 (15,544) SOE = Low 
In on-treatment analyses, 1 large RCT demonstrated benefit of rivaroxaban (HR 

0.59; 95% CI 0.37 to 0.93); a smaller study showed a trend toward no 
difference (HR 0.73; 95% CI 0.16 to 3.25) 

Systemic 
embolism 

1 (14,264) SOE = Moderate 
Rivaroxaban reduced risk in on-treatment analyses (HR 0.23; 95% CI 0.09 to 

0.61) 
Major bleeding 2 (15,544) SOE = Moderate 

No difference in 2 studies in on-treatment analyses (HR 1.04 [95% CI 0.90 to 
1.20] in one study; HR 0.85 [95% CI 0.50 to 1.43] in other study) 

Intracranial 
bleeding 

2 (15,544) SOE = Moderate 
Rivaroxaban reduced risk in on-treatment analyses (HR 0.67; 95% CI 0.47 to 

0.93) 
All-cause 
mortality 

1 (14,264) SOE = High 
No difference (HR 0.92; 95% CI 0.82 to 1.03) 

Death from 
cardiovascular 
causes 

1 (14,264) SOE = Moderate 
No difference in on-treatment analyses (HR 0.89; 95% CI 0.73 to 1.10) 

Myocardial 
infarction 

1 (14,264) SOE = Moderate 
No difference in on-treatment analyses (HR 0.81; 95% CI 0.63 to 1.06) 

Xa Inhibitor (Apixaban) vs. ASA 
Stroke or 
systemic 
embolism 

1 (5,599) SOE = High 
Apixaban reduced risk (HR 0.45; 95% CI 0.32 to 0.62) 

Ischemic 
stroke 

1 (5,599) SOE = High 
Apixaban reduced risk (HR 0.37; 95% CI 0.25 to 0.55) 

Hemorrhagic 
stroke 

1 (5,599) SOE = Moderate 
Trend toward a reduction in risk with apixaban (HR 0.67; 95% CI 0.24 to 1.88) 

Major bleeding 1 (5,599) SOE = High 
No difference (HR 1.13; 95% CI 0.74 to 1.75) 

Minor bleeding 1 (5,599) SOE = Moderate 
Apixaban increased risk (HR 1.20; 95% CI 1.00 to 1.53) 

Intracranial 
bleeding 

1 (5,599) SOE = Low 
Trend toward a reduction in risk with apixaban (HR 0.85; 95% CI 0.38 to 1.90) 

All-cause 
mortality 

1 (5,599) SOE = Low 
Trend toward a reduction in risk with apixaban (HR 0.79; 95% CI 0.62 to 1.02) 

Death from 
vascular 
causes 

1 (5,599) SOE = Moderate 
No difference (HR 0.87; 95% CI 0.66 to 1.17) 
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Table C. Summary of strength of evidence and effect estimates for KQ 3 (interventions for 
preventing thromboembolic events) (continued) 

Outcome Number of 
Studies 

(Subjects) 

SOE and Magnitude of Effecta 

(95% C) 

Myocardial 
infarction 

1 (5,599) SOE = Moderate 
No difference (HR 0.86; 95% CI 0.50 to 1.48) 

Hospitalization 1 (5,599) SOE = High 
Apixaban reduced risk (HR 0.79; 95% CI 0.69 to 0.91) 

Adverse events 1 (5,599) SOE = Moderate 
No differences in liver function or other adverse events between therapies 

Percutaneous LAA Closure vs. Warfarin 
Ischemic 
stroke 

1 (707) SOE = Low 
9 LAA patients (1.3 events per 100 patient-years) and 6 warfarin patients (1.6 

events per 100 patient-years) had ischemic stroke, demonstrating no difference 
between therapies 

All strokes 1 (707) SOE = Low 
Trend toward a benefit of LAA (RR 0.71; 95% CI 0.35 to 1.64) 

Major bleeding 1 (707) SOE = Low 
Less frequent with LAA (3.5% vs. 4.1%) 

All-cause 
mortality 

1 (707) SOE = Low 
Trend toward a benefit of LAA (RR 0.62; 95% CI 0.34 to 1.24) 

Adverse events 1 (707) SOE = Moderate 
Higher rate with LAA (RR 1.69; 95% CI 1.01 to 3.19) 

aAll SOE ratings of “Insufficient” are shaded. 
Note: ASA = aspirin; CI = confidence interval; HR = hazard ratio; KQ = Key Question; LAA = left atrial appendage; RCT = 
randomized controlled trial; RR = relative risk; SOE = strength of evidence. 

KQ 4. Anticoagulation Strategies for Patients Undergoing Invasive 
Procedures 

Key points are as follows: 
• The included studies of oral anticoagulation after percutaneous coronary intervention 

(PCI) with stenting (three good-quality retrospective studies; 689 patients) were relatively 
small and reached different conclusions regarding the effectiveness of triple therapy 
(warfarin + aspirin + clopidogrel) compared with other combinations of therapies for 
both bleeding and ischemic outcomes (insufficient strength of evidence for all outcomes 
assessed). 

• Studies of bridging therapies (seven retrospective studies; two good quality, four fair 
quality, one poor quality; 2,797 patients) were hampered by the variety of procedures 
(radiofrequency ablation [RFA], other surgeries) and strategies assessed, and provided 
inconclusive findings (insufficient strength of evidence for all outcomes assessed).  

• Two studies investigating the safety of dabigatran versus warfarin in the periprocedural 
period (RFA) reported higher bleeding rates among patients using dabigatran, while the 
single study comparing dabigatran with warfarin in patients undergoing PCI found no 
differences in bleeding or ischemic complications (three studies; two good quality, one 
poor quality; 5,037 patients; insufficient strength of evidence).  

 
A total of 13 studies were included in our analysis, of which 7 were prospective cohort 

studies and 5 were retrospective cohort studies. These studies assessed anticoagulation during or 
after ablation procedures, other operative procedures, or PCI. Studies were conducted in the 
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United States, South America, Asia, and Europe between 1999 and 2011. Seven of the studies 
were considered good quality, four fair quality, and two poor quality. The funding source was 
reported by only five studies: two government funded, two sponsored by industry, and one 
receiving funding from both government and industry. 

The mean age of subjects ranged from 55 to 78.6 years. A total of 8,523 subjects were 
enrolled. Three studies evaluated oral anticoagulation after PCI with stenting, seven evaluated 
bridging therapies, and three evaluated dabigatran in the periprocedural setting.  

Table D summarizes the strength of evidence for anticoagulation therapies for patients 
undergoing invasive procedures. Details about the specific components of these ratings (risk of 
bias, consistency, directness, and precision) are available in the full report. 

Table D. Summary of strength of evidence for KQ 4 (anticoagulation therapies for patients 
undergoing invasive procedures) 

Outcome 
Number of 

Studies 
(Subjects) 

Strength of Evidencea 

OAC After PCI With Stenting 
Major bleeding 3 (689) SOE = Insufficient 
Mortality 2 (585) SOE = Insufficient 
Myocardial infarction 2 (585) SOE = Insufficient 
Bridging Therapies 
Major and minor bleeding 6 (2,167) SOE = Insufficient 
Mortality 5 (1,932) SOE = Insufficient 
Other thomboembolic outcomes 5 (1,932) SOE = Insufficient 
Use of Dabigatran in Periprocedural Setting 
Major and minor bleeding 3 (5,037) SOE = Insufficient 
aAll SOE ratings were “Insufficient” and are shaded. 
Note: KQ = Key Question; OAC = oral anticoagulation; PCI = percutaneous coronary intervention; SOE = strength of evidence. 

KQ 5. Strategies for Switching Between Warfarin and Novel Oral 
Anticoagulants 
There is currently no safety or effectiveness evidence to answer this question based on the 
absence of any peer-reviewed published studies in this area (insufficient strength of evidence for 
all outcomes of interest). 

KQ 6. Stroke Prevention After a Hemorrhagic Event 
There is currently no safety or effectiveness evidence to answer this question based on the 
absence of any peer-reviewed published studies in this area (insufficient strength of evidence for 
all outcomes of interest). 

Discussion 

Key Findings 
In this CER, we reviewed 92 unique studies represented by 122 publications and involving 

over 1,164,900 patients that evaluated stroke and bleeding prediction tools and stroke prevention 
strategies in patients with nonvalvular AF. The current evidence base was greatest for the 
comparative safety and effectiveness of stroke prevention therapies and tools for predicting 
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thromboembolic and bleeding risk. The evidence was very limited or nonexistent regarding AF 
patients undergoing invasive procedures, patients switching among anticoagulant therapies, and 
starting or restarting anticoagulant therapy in patients with previous major bleeding events. 

As the current review underscores, further efforts are needed to refine risk prediction tools, 
since existing tools provide at best moderate guidance for predicting stroke risk. Also, with 
newer antiplatelet agents on the market for AF patients, understanding how these risk tools 
perform for estimating bleeding risk will be of increasing importance. Additionally, more 
prescriptive guidelines on how to use risk scores and apply necessary therapies, and how to 
balance stroke and bleeding risks, possibly in the form of physician decision support tools, will 
be important for clinical decisionmaking.  

At the time the current U.S. guidelines for management of AF were developed (2006,1 with a 
focused update in 201143), the primary focus was on risk stratification and treatment with 
antiplatelets (generally aspirin) or VKAs (generally warfarin). Since that time, newer 
anticoagulants have entered the marketplace.  

Trials of dabigatran, rivaroxaban, and apixaban have demonstrated favorable efficacy and 
safety results compared with warfarin, but conclusions about the comparative efficacy and safety 
of the newer oral anticoagulants cannot be drawn because these medications have not been 
directly compared with one another, and indirect (cross-trial) comparisons may not be reliable. In 
addition, the trials of these newer agents used different dosing strategies, were performed in 
different health systems, used varying event definitions, and recruited populations at varying risk 
for stroke and bleeding. The newer oral anticoagulants do, however, have different attributes and 
important advantages over warfarin. After many years without options, they offer new 
alternatives for the treatment of patients with nonvalvular AF who are at risk for stroke. 
Specifically, our review adds the following to what is already known within the field of stroke 
prevention for patients with AF: 

• New oral anticoagulants preserve the benefits of warfarin for stroke prevention, and two 
of them (apixaban and higher dose dabigatran) have been demonstrated in large RCTs to 
be more effective than warfarin. 

• In addition to these stroke prevention benefits, the new oral anticoagulants appear to be 
safer than warfarin in that: 

o All of them caused less intracranial bleeding than warfarin. 
o Two of them (apixaban and lower dose dabigatran) caused less major bleeding, 

including gastrointestinal bleeding, than warfarin. 
• For patients not suitable for oral anticoagulation, apixaban was more effective than 

aspirin in stroke prevention. In addition, apixaban was better tolerated than and as safe as 
aspirin.  

• All the new oral anticoagulants tested in a blinded fashion were better tolerated than 
warfarin, and rates of study drug discontinuation were lower with the new agents than 
with warfarin. 

• Apixaban reduced all-cause mortality in patients with AF. Dabigatran and rivaroxaban 
appear to have similar all-cause mortality as warfarin. 

 
Despite all the potential advantages of the new drugs demonstrated in the clinical trials when 

compared with warfarin, the new drugs still do not have a well-validated and -studied immediate 
antidote. Similarly, although there are data showing that fresh frozen plasma or vitamin K can 
help in normalizing INRs for warfarin-treated patients, there are not good data on actually 
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stopping or reversing bleeding events for them. Once a bleed occurs, the event has happened, and 
regardless of the original treatment strategy, it is not clear that any reversal or antidote will alter 
patient outcomes. Therefore, a focus should be on preventing bleeds—in particular, fatal bleeds. 
The shorter half-life of the novel drugs may help in the management of bleeding episodes in 
patients receiving these drugs and should provide comfort that bleeding can be controlled 
without an antidote. This half-life is similar to the time needed to reverse INR (not bleeding) of 
patients on warfarin with vitamin K. The shorter half-life of these novel agents may, however, be 
a disadvantage in poorly compliant patients, emphasizing the need for additional evidence 
outside of RCTs and within actual clinical practice. 

Finally, gaps have been identified in the current evidence for increasingly common clinical 
scenarios for patients on therapies for stroke prevention. Evidence is needed on the best 
strategies for patients undergoing invasive procedures, patients switching among anticoagulant 
therapies, and starting or restarting anticoagulant therapy in patients with previous major 
bleeding events. 

Applicability 
In general, concerns about study applicability were not a major factor for this project’s body 

of evidence. The main issues related to applicability were concerns about short-term outcomes 
(9% of studies overall, representing 3%, 0%, 16%, and 0% of KQ 1, KQ 2, KQ 3, and KQ 4 
studies, respectively); concerns about large differences between demographics of study 
populations and community patients in terms of age, renal function, and comorbidities (4% of 
studies overall, representing 5%, 0%, 5%, and 0% of KQ 1, KQ 2, KQ 3, and KQ 4 studies, 
respectively); and concerns about use of older versions of an intervention no longer in common 
use (3% of studies overall, representing 5%, 6%, 2%, and 0% of KQ 1, KQ 2, KQ 3, and KQ 4 
studies, respectively). 

Research Gaps 
In our analyses, we identified research gaps for all the KQs examined, as described below.  

KQs 1 and 2: Predicting Thromboembolic and Bleeding Risk 
While there are several scores available in clinical practice to predict stroke and bleeding in 

patients with AF, the major limitation of these scores is the overlap of clinical factors that go into 
both types of scores. We therefore think that the evidence gaps for these two questions are best 
addressed together.  

We can identify well patients at risk for stroke, who usually are the same patients at high risk 
for bleeding. Thus, there is a need for a score that could be used for decisionmaking about 
antithrombotic therapy in AF patients, taking into account both thromboembolic and bleeding 
risks. Scores that identify only patients at risk for stroke or only those at risk for bleeding are not 
so helpful since the clinical factors in these scores are usually similar. Another challenge is that 
both stroke events and bleeding events are on a spectrum of severity. For example, some strokes 
may have symptoms lasting <24 hours with complete resolution, whereas others can cause death. 
Additional studies utilizing prospectively constructed databases with longer term outcomes data 
that compare all available risk prediction scores would be of great use in better clarifying which 
risk score system is superior in predicting major bleeding or thromboembolic risk. Specific to 
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bleeding risk, additional prospective comparisons of the SDTINR and TTR are needed to establish 
which variable has better predictive accuracy for major bleeding.  

Another issue of note was not addressed in this review: in an era of personalized medicine, it 
may be important to have the “omics” profile (genomics, proteomics, metabolomics) 
incorporated into the risk scores, which could help to more accurately stratify AF patients 
according to their thromboembolic and bleeding risks.  

Additionally, even assuming that an optimal risk prediction score can be identified, further 
work is needed to clarify how scores should be used prospectively in clinical practice.  

Finally, for future studies of available tools, reporting the raw data rather than c-statistics 
would allow more informative assessment of the predictive model performance. If we had had 
such raw data, we could have considered the NRI or integrated discrimination index, which 
summarize the incremental benefit of a score when added to a model with other covariates. 

Therefore, the four specific evidence gaps identified from KQ 1 and KQ 2 are as follows: 
• In patients with nonvalvular AF, what are the comparative diagnostic accuracy and 

impact on clinical decisionmaking of clinical tools with modest or better predictive value 
for predicting the overall clinical risk of patients, combining both their risk of stroke and 
their risk of bleeding? 

• In patients with nonvalvular AF, what are the comparative diagnostic accuracy and 
impact on clinical decisionmaking of imaging tools with modest or better predictive value 
for predicting the overall clinical risk of patients, combining both their risk of stroke and 
their risk of bleeding? 

• What are the benefits, harms, and costs of incorporating genomics, proteomics, and 
metabolomics into risk scores for the prediction of thromboembolic and/or bleeding risk? 

• What is the most effective way to prospectively use thromboembolic and/or bleeding risk 
scores with evidence of modest or better predictive value in clinical practice? 
Specifically, how can we increase dissemination of point-of-care tools to improve risk 
assessment and treatment choices for clinicians? 

KQ 3: Interventions for Preventing Thromboembolic Events 
Although recent years have been exciting in stroke prevention and development of new 

agents as alternatives to warfarin, there are several evidence gaps that remain and should inform 
future research. Given the risks associated with AF, the growing number of patients with AF, and 
the costs and risks associated with stroke prevention for AF, a better understanding of the 
comparative safety and effectiveness of newer anticoagulant therapies is of paramount 
importance. There is also a need for future studies in special populations and clinical scenarios. 
In addition, it is important to have new studies with head-to-head comparisons of available 
prevention strategies. Given variability in patient populations, concomitant therapies, and 
underlying patient care, cross-trial comparisons in this field should be avoided. Patients with AF 
usually have comorbidities that require the use of antithrombotic agents other than those used to 
treat AF. Many antithrombotic agents are available at different doses for different clinical 
indications. Thus, there is a need for studies assessing the safety and effectiveness of different 
combinations of antithrombotics at different doses, as well as their duration. For example, 
nothing is known about the use of triple therapy in patients with coronary artery disease/acute 
coronary syndrome and AF in the new era with new antiplatelet agents (prasugrel and ticagrelor) 
and new anticoagulant agents (dabigatran, rivaroxaban, apixaban). 
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There are also many novel invasive treatments for AF. Studies are needed to determine if and 
how anticoagulation strategies should be modified for patients receiving these procedures. For 
example, studies are needed to determine the comparative effectiveness and safety of new oral 
anticoagulants and percutaneous LAA closure for stroke prevention in nonvalvular AF patients. 
Studies are needed to determine if and when it is safe to discontinue all oral anticoagulants after 
successful AF ablation. Studies also are needed to determine the thromboembolic and bleeding 
risk associated with the procedures themselves over the long term. 
Therefore, we have identified the following specific evidence gaps related to KQ 3: 

• What are the comparative safety and effectiveness of specific anticoagulation therapies, 
antiplatelet therapies, and procedural interventions for preventing thromboembolic 
events? 

o For the above evidence gap, we suggest focusing specifically on the comparative 
effectiveness of factor IIa inhibitors, Xa inhibitors, and other novel anticoagulants 
and procedural interventions. 

o Safety issues include reversal of anticoagulant effects for severe bleeding events 
and monitoring of therapeutic status. 

• What are the comparative safety and effectiveness of specific anticoagulation therapies, 
antiplatelet therapies, and procedural interventions for preventing thromboembolic events 
specific to patients who have recently undergone rate or rhythm control procedures for 
treating their AF?For this evidence gap, we suggest focusing on methods of determining 
the comparative effectiveness and safety of available stroke prevention therapies, and 
strategies for determining longer term therapy given successful AF treatment. 

• What are the comparative safety and effectiveness of specific anticoagulation therapies, 
antiplatelet therapies, and procedural interventions for preventing thromboembolic events 
specific to special subpopulations—patients with advanced renal failure or on dialysis, 
elderly patients, and others? For this evidence gap, we suggest focusing specifically on 
the comparative effectiveness of factor IIa inhibitors, Xa inhibitors, and other novel 
anticoagulants and procedural interventions 

KQ 4: Anticoagulation Strategies in Patients Undergoing Invasive 
Procedures 

Our review identified limited studies assessing the optimal strategy for anticoagulation either 
peri-RFA or in the setting of other operative procedures. In addition, the few studies available 
suggest that ischemic event rates are likely to be extremely low; thus, trials powered adequately 
to assess the impact of different strategies, especially on ischemic events, would have to be large. 
Given the number of these procedures performed per year, as well as the apparent uncertainty 
about optimal treatment of the patients undergoing such procedures, RCTs to answer these 
questions are sorely needed. Trials should be done with traditional anticoagulants as well as the 
newer antiplatelet and antithrombotic agents. Given the number of treatment strategies available, 
initial research might be focused on comparing continued anticoagulant therapy versus bridging 
therapies versus interruption of therapy (i.e., stopping anticoagulant therapy before the 
procedure). Given the current insufficient evidence pertinent to this KQ, we think that the 
original KQ represents the remaining evidence gap and need for future research. Perhaps an 
additional evidence gap, given the need for a large sample size in an RCT addressing this 
question, would be explore whether study designs other than RCTs would possibly help decrease 
the evidence gap in this area. 
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KQs 5 and 6: Switching Between Warfarin and Novel Oral 
Anticoagulants and Stroke Prevention After a Hemorrhagic Event 

We found no peer-reviewed published studies for either of these KQs, and so these are both 
clearly remaining evidence gaps, needing future evidence generation before evidence synthesis is 
possible. 

Due to the increasing popularity of the new Xa agents, RCTs are needed to establish 
evidence to guide providers in managing patients with AF who are currently on warfarin and 
being switched to the newer Xa agents. Trials should seek to provide directions for managing 
patients who may be at different risk levels (as defined by CHADS2, CHA2DS2-VASc, or 
Framingham risk scores), including type of AF, sex, age, and other coexisting risk factors. 
Additionally, evidence needs to be published in peer-reviewed journals on how to manage 
patients being switched off the newer Xa agents and onto warfarin.  

Similarly, trials are needed to determine the comparative safety and effectiveness of available 
strategies for resuming anticoagulation therapy following a hemorrhagic event. These trials 
should be evaluated in patients based on type of hemorrhagic event, as well as based on traits 
that may affect risk of bleeding, such as age, comorbidities, and other medical therapies.  

Conclusions 
Overall, we found that CHADS2 and CHA2DS2-VASc scores have the best prediction for 

stroke events in patients with AF among the risk scores we reviewed, whereas HAS-BLED 
provides the best prediction for bleeding risk. Imaging tools require further evidence in regard to 
their appropriate use in clinical decisionmaking. Improved evidence of the use of these scores 
among patients on therapy is also required. Newer anticoagulants show early promise of 
reducing stroke and bleeding events when compared with warfarin, and apixaban shows safety 
and efficacy in patients who are not candidates for warfarin. However, further studies are 
required for key clinical scenarios involving anticoagulation use and procedures, switching or 
bridging therapies, and when to start anticoagulation after a hemorrhagic event. 
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Abbreviations 
AF atrial fibrillation 
AHRQ Agency for Healthcare Research and Quality 
ARISTOTLE Apixaban for Reduction in Stroke and Other Thromboembolic Events in 

Atrial Fibrillation 
ATRIA Anticoagulation and Risk Factors in Atrial Fibrillation 
AVERROES Apixaban Versus Acetylsalicylic acid (ASA) to Prevent Stroke in Atrial  

Fibrillation Patients Who Have Failed or Are Unsuitable for Vitamin K 
Antagonist Treatment 

BRI Bleeding Risk Index 
BRIDGE Bridging Anticoagulation in Patients who Require Temporary Interruption 

of Warfarin Therapy for an Elective Invasive Procedure or Surgery 
CDSR Cochrane Database of Systematic Reviews 
CER Comparative Effectiveness Review 
CHADS2 Congestive heart failure, Hypertension, Age ≥75, Diabetes mellitus, prior 

Stroke/transient ischemic attack (2 points) 
CHA2DS2-VASc Congestive heart failure/left ventricular ejection fraction ≤40%, 

Hypertension, Age ≥75 (2 points), Diabetes mellitus, prior Stroke/transient 
ischemic attack/thromboembolism (2 points), Vascular disease, Age 65–
74, Sex category female 

CI confidence interval 
ESC European Society of Cardiology 
FDA U.S. Food and Drug Administration 
GWTG Get With The Guidelines 
HAS-BLED Hypertension, Abnormal renal/liver function, Stroke, Bleeding history or 

predisposition, Labile international normalized ratio, Elderly (>65 years), 
Drugs/alcohol concomitantly  

HEMORR2HAGES Hepatic or renal disease, Ethanol abuse, Malignancy, Older (age >75 
years), Reduced platelet count or function, Re-bleeding risk (2 points), 
Hypertension (uncontrolled), Anemia, Genetic factors, Excessive fall risk, 
Stroke 

HR hazard ratio 
ICH intracranial hemorrhage 
INR international normalized ratio 
KQ Key Question 
LAA left atrial appendage 
MI myocardial infarction 
NIH National Institutes of Health 
NRI net reclassification improvement 
PCI percutaneous coronary intervention 
PICOTS populations, interventions, comparators, outcomes, timing, and settings of 

interest 
QUADAS-2 QUality Assessment tool for Diagnostic Accuracy Studies-2 
RCT randomized controlled trial
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RE-LY Randomized Evaluation of Long-Term Anticoagulation Therapy 
RFA radiofrequency ablation 
ROCKET AF Rivaroxaban Once-daily, oral, direct factor Xa inhibition compared with 

vitamin K antagonism for prevention of stroke and Embolism Trial in 
Atrial Fibrillation 

SDTINR standard deviation of transformed international normalized ratio 
TEP Technical Expert Panel 
TIA transient ischemic attack 
TTR time in therapeutic range 
VKA vitamin K antagonist 
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