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Preface

The Agency for Healthcare Research and Quality (AHRQ), through its Evidence-based
Practice Centers (EPCs), sponsors the development of evidence reports and technology
assessments to assist public- and private-sector organizations in their efforts to improve the
quality of health care in the United States.

The Patient-Centered Outcomes Research Institute (PCORI) was established to fund research
that can help patients and those who care for them make better informed decisions about the
health care choices they face every day. PCORI partnered with AHRQ to help fulfill PCORI’s
authorizing mandate to engage in evidence synthesis and make information from comparative
effectiveness research more available to patients and providers. PCORI identifies topics for
review based on broad stakeholder interest. After identifying specific topics, multistakeholder
virtual workshops are held by PCORI to inform the individual research protocols.

The reports and assessments provide organizations, patients, clinicians, and caregivers with
comprehensive, evidence-based information on common medical conditions and new health care
technologies and strategies. They also identify research gaps in the selected scientific area,
identify methodological and scientific weaknesses, suggest research needs, and move the field
forward through an unbiased, evidence-based assessment of the available literature. The EPCs
systematically review the relevant scientific literature on topics assigned to them by AHRQ and
conduct additional analyses when appropriate prior to developing their reports and assessments.

To bring the broadest range of experts into the development of evidence reports and health
technology assessments, AHRQ encourages the EPCs to form partnerships and enter into
collaborations with other medical and research organizations. The EPCs work with these partner
organizations to ensure that the evidence reports and technology assessments they produce will
become building blocks for health care quality improvement projects throughout the Nation. The
reports undergo peer review and public comment prior to their release as a final report.

AHRQ expects that the EPC evidence reports and technology assessments, when appropriate,
will inform patients and caregivers, individual health plans, providers, and purchasers as well as
the health care system as a whole by providing important information to help improve health
care quality.

If you have comments on this evidence report, they may be sent by mail to the Task Order
Officer: Aysegul Gozu, M.D., M.P.H., Agency for Healthcare Research and Quality, 5600
Fishers Lane, Rockville, MD 20857, or by email to epc@ahrg.hhs.gov.

Gopal Khanna, M.B.A. Arlene S. Bierman, M.D., M.S.

Director Director

Agency for Healthcare Research and Quality Center for Evidence and Practice
Improvement

Agency for Healthcare Research and Quality

Joe V. Selby, M.D., M.P.H. Diane E. Bild, M.D., M.P.H.
Executive Director Acting Chief Science Officer
PCORI PCORI
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Evidence Summary

Introduction

This systematic review is an update of an earlier report published in 2013 which evaluated
questions related to stroke prevention in patients with atrial fibrillation (AF) and atrial flutter.
Given evidence that has emerged since the publication of the 2013 report, this review focuses on
updating and expanding the earlier work in three key areas: (1) evaluating the accuracy and
utility of clinical tools and imaging tools to predict thromboembolic event risk, (2) evaluating
the accuracy and utility of clinical tools used to predict bleeding risk, and (3) exploring the
comparative safety and effectiveness of various interventions to prevent thromboembolic events
in patients with nonvalvular atrial fibrillation (Figure A). In addition, this review explores the
strengths and weaknesses of shared decisionmaking tools available to aid patients and clinicians
in selecting an intervention to prevent stroke.

Figure A. Analytic framework
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Abbreviations: AF=atrial fibrillation; DV T=deep vein thrombosis; KQ=Key Question; ICH=intracranial hemorrhage;
PE=pulmonary embolism
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Results/Key Findings

Accuracy and Utility of Clinical and Imaging Tools To Predict
Stroke Risk

CHADS: score (continuous): Based on a meta-analysis of 14 studies (10 low risk of bias,
4 medium risk of bias, 761,128 patients), there is moderate strength of evidence (SOE)
that the continuous CHADS: score provides limited prediction of stroke events (c-
statistic of 0.69; 95% confidence interval [CI] 0.66 to 0.73).

CHADS; score (categorical): Based on a meta-analysis of 16 studies (11 low risk of bias,
5 medium risk of bias, 548,464 patients), there is moderate SOE that the categorical
CHADS: score provides limited prediction of stroke events (c-statistic of 0.66; 95% ClI
0.63 to 0.69).

CHA2DS,-VASc (continuous): Based on a meta-analysis of 17 studies (13 low risk of
bias, 4 medium risk of bias; 511,481 patients), there is moderate SOE that the continuous
CHA2DS,-VASc score provides limited prediction of stroke events (c-statistic of 0.67;
95% C10.64 to 0.70).

CHA:DS,-VASc (categorical): Based on a meta-analysis of 13 studies (8 low risk of bias,
5 medium risk of bias; 496,683 patients), there is low SOE that the categorical CHA2DS,-
VASc score provides limited prediction of stroke events (c-statistic of 0.64; 95% CI 0.58
to 0.70).

Framingham score (categorical): Based on a meta-analysis of 6 studies (5 low risk of
bias, 1 medium risk of bias; 282,572 patients), there is moderate SOE that the categorical
Framingham score provides limited prediction of stroke events (c-statistic of 0.63; 95%
C10.62 to 0.65).

ABC score (categorical): Based on a meta-analysis of 4 studies (4 low risk of bias,
25,614 patients), there is moderate SOE that the categorical ABC score provides limited
prediction of stroke events (c-statistic of 0.67; 95% CI 0.63 to 0.71).

Echocardiography: There is insufficient evidence for the relationship between findings on
echocardiography (transthoracic) and subsequent stroke based on 5 studies (3 low risk of
bias, 2 medium risk of bias; 1,228 patients) that reported discrepant results.

Comparative accuracy: CHADS; and CHA>DS>-VASc have the most evidence predicting
stroke events accurately when directly compared with other scores. This finding was,
however, statistically significant only for the comparison with the Framingham
categorical score. Other comparisons were not possible given limited data.

Limitations: 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.

The outcome of impact on clinical decisionmaking (diagnostic thinking, therapeutic
efficacy, and patient outcome efficacy) was not assessed by any studies.
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Accuracy and Utility of Clinical Tools To Predict Bleeding Risk

e AF patients on warfarin: 13 studies (10 low risk of bias, 2 medium risk of bias, 1 high
risk of bias; 197,312 patients) compared different risk scores (Bleeding Risk Index [BRI],
HEMORR2HAGES, HAS-BLED, ATRIA, ABC) 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. Evidence favors
HAS-BLED based on two studies demonstrating that it has statistically significantly
higher prediction (by c-statistic) for major bleeding events than other scores among
patients on warfarin, but the majority of comparative studies which evaluated HAS-
BLED showed no statistically significant differences in prediction abilities, reducing the
strength of evidence (moderate SOE).

e Chronic kidney disease (CKD) and major bleeding: Eight studies (7 low risk of bias, 1
medium risk of bias; 322,010 patients) evaluated the risk of major bleeding in patients
with CKD. All studies demonstrated increased risk of bleeding in patients with CKD
(moderate SOE) although do not formally evaluate the use of a tool incorporating CKD.

e AF patients on warfarin: 1 study (low risk of bias; 48,599 patients) compared
HEMORR;HAGES and HAS-BLED in predicting intracranial hemorrhage (ICH). This
study showed no statistically significant difference in prediction abilities between the two
scores (low SOE).

e AF patients on aspirin alone: Three studies (2 low risk of bias, 1 medium risk of bias;
177,538 patients) comparing different combinations of bleeding risk scores (BRI,
HEMORR;HAGES, and HAS-BLED) in predicting major bleeding events showed no
statistically significant differences (low SOE).

e AF patients not on therapy: Six studies (4 low risk of bias, 2 medium risk of bias;
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 (low SOE).

e Limitations: Although studies consistently reported event rates and c-statistics, measures
of tool calibration, strength of association, and diagnostic accuracy were inconsistently
reported.

e The outcome of impact on clinical decisionmaking (diagnostic thinking and therapeutic
efficacy) was not assessed by any studies.

Comparative Safety and Effectiveness of Interventions To Prevent
Thromboembolic Events

e Acetylsalicylic acid (ASA) versus vitamin K antagonist (VKA; warfarin): Based on 5
observational studies involving 251,578 patients, warfarin reduces the risk of nonfatal
and fatal ischemic stroke compared with aspirin (moderate SOE); however, based on 3
studies involving 212,770 patients, warfarin is also associated with increased rates of
major bleeding complications compared with aspirin (moderate SOE)

e ASA-+clopidogrel versus ASA: In patients not eligible for warfarin, two good quality
RCTs involving 8,147 patients showed lower rates of any stroke (HR 0.72, 95% CI 0.62
to 0.83) for combination therapy of aspirin and clopidogrel compared to ASA alone
(moderate SOE). In the largest RCT (7,554 patients), the combination of aspirin and
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clopidogrel was associated with higher rates of major bleeding than aspirin alone (HR

1.57, 95% CI 1.29 to 1.92) (moderate SOE).

Warfarin versus clopidogrel: Based on 1 large observational, good quality study

involving 54,636 patients, warfarin reduces the risk of nonfatal and fatal ischemic stroke

compared with clopidogrel monotherapy, with no evidence of differences in major
bleeding (moderate SOE).

ASA-+clopidogrel versus warfarin: Based on two large, good-quality RCTs involving

60,484 patients, warfarin is superior to aspirin plus clopidogrel for the prevention of

stroke or systemic embolism (high SOE). In one good quality RCT of 6,706 patients,

warfarin is superior to aspirin plus clopidogrel for the reduction in any minor bleeding

(moderate SOE) however warfarin increased hemorrhagic stroke risk compared to ASA+

clopidogrel (moderate SOE). There was no evidence of a difference between therapies for

MI, death from vascular causes or all-cause mortality (moderate SOE for both outcomes).

Clopidogrel+warfarin versus warfarin: Clopidogrel+warfarin shows a trend toward a

benefit on stroke prevention (low SOE) and is associated with increased risk of nonfatal

and fatal bleeding compared with warfarin alone (moderate SOE). These findings are
based on 1 good-quality observational study involving 52,349 patients.

Warfarin+aspirin+clopidogrel versus warfarin: Triple therapy increases the risk of

nonfatal and fatal bleeding (moderate SOE) and also shows a trend toward increased

ischemic stroke (low SOE) compared with warfarin alone. These findings are based on 1

good-quality observational study involving 52,180 patients

Thrombin inhibitors (dabigatran) versus warfarin: Based on 1 large good-quality RCT

involving 18,113 patients and 35 observational studies involving 1,737,961 patients we

found:

o Dabigatran at a 150mg dose is superior to warfarin in reducing the incidence of the
composite outcome of stroke (including hemorrhagic) or systemic embolism (RR
0.66, 95% CI 0.53 to 0.82), with no statistically significant difference in the
occurrence of major bleeding (RR 0.93, 95% CI 0.81 to 1.07) (high SOE for both
outcomes), all-cause mortality(RR 0.88, 95% CI1 0.77 to 1.00) (low SOE), or
myocardial infarction (M) risk (low SOE).

o Dabigatran at a 110mg dose is similar to warfarin for the composite outcome of
stroke or systemic embolism (RR 0.91, 95% CI1 0.74 to 1.11) (moderate SOE). It is
associated with a reduction in the risk of major bleeding (RR 0.80, 95% CI 0.69 to
0.93) when compared with warfarin (high SOE), but there is no evidence of a
difference in all-cause mortality or Ml risk (low SOE for both outcomes). Note the
110mg dose is currently not approved for stroke prevention in patients with AF in the
us.

o0 Observational studies were inconsistent with RCT evidence for the outcomes of all-
cause mortality (observational studies demonstrated a benefit for patients on
dabigatran, while RCT studies suggested no evidence of a difference on either dose)
and Ml risk (observational studies did not show a difference, RCT studies suggested
an increase with the 150mg dose of dabigatran).

Xa inhibitor (apixaban) versus ASA: Apixaban is superior to aspirin in reducing the

incidence of stroke or systemic embolism (HR 0.45, 95% CI 0.32 to 0.62) with similar

major bleeding risk (HR 1.13, 95% C1 0.74 to 1.75), in patients who are not suitable for
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warfarin (moderate SOE for both outcomes). These findings are based on 1 good quality
RCT involving 5,599 patients.

Xa inhibitor (apixaban) versus warfarin: Apixaban is superior in reducing the incidence
of (1) stroke or systemic embolism (HR 0.79, 95% CI 0.66 to 0.95) (high SOE), (2) the
risk of major bleeding (0.69, 95% CI 0.60 to 0.80) (high SOE), and (3) all-cause
mortality (low SOE) when compared with warfarin. These findings are based on 1 large
good-quality RCT involving 18,201 patients, and 29 observational studies with 1,251,855
patients.

Xa inhibitor (rivaroxaban) versus warfarin: Rivaroxaban is similar to warfarin in
preventing stroke or systemic embolism (HR 0.88, 95% CI1 0.74 to 1.03) (moderate SOE),
with similar rates of major bleeding (low SOE) and all-cause mortality (moderate SOE).
These findings are based on 1 large, good-quality RCT involving 14,264 patients and 26
observational studies with 1,483,949 patients. Inconsistent with the RCT findings,
observational studies supported a reduction in stroke or systemic embolism and a trend
towards a reduction in ischemic or uncertain stroke, while also providing evidence of a
small increase in the risk of major bleeding.

Xa inhibitor (edoxaban) versus warfarin: Edoxaban (either 60mg or 30mg dose) is
superior in reducing hemorrhagic stroke (low dose HR 0.33, 95% CI 0.22 to 0.50; high
dose HR 0.54, 95% CI 0.38 to 0.77) (moderate SOE) and the risk of major bleeding
(moderate SOE) though did not differ in overall stroke risk (moderate SOE), myocardial
infarction (moderate SOE) or all-cause mortality (moderate SOE for high dose). There
was low SOE that low dose edoxaban (30 mg) reduced all-cause mortality. These
findings are based on 1 large, good-quality RCT involving 21,105 patients. Note that the
60 mg once-daily dose of edoxaban is approved by the FDA to treat only NVAF patients
with creatinine clearance (CrCL) >50 to < 95 mL/min, while 30 mg once-daily dose of
edoxaban is approved to treat NVAF in patients with renal dysfunction (CrCL 15 to 50
mL/min).

Percutaneous left atrial appendage (LAA) closure versus warfarin: LAA shows a trend
toward a benefit over warfarin for all strokes (including ischemic or hemorrhagic) and
all-cause mortality (low SOE for both outcomes). Although LAA with percutaneous
closure results in less frequent major bleeding than warfarin (low SOE), it is also
associated with a higher rate of adverse safety events such as pericardial effusion and
device embolization (moderate SOE). These findings are based on 1 good-quality RCT
involving 707 patients and 4 observational studies involved 1,430 patients.

Discussion
Additional details about this systematic review are described in Table A.

Observational Studies Versus RCT Evidence

Within the included set of observational studies, use of direct oral anticoagulants and
comparative effectiveness analyses of the different oral anticoagulants often have
inconsistent findings. These inconsistencies likely resulted from confounding, selection
bias, different endpoint definitions, rigor and completeness of followup, and variations in
decisionmaking practice between trial populations and real world scenarios.
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When considered together, the findings from observational and RCT studies were
inconsistent related to all-cause mortality and myocardial infarction for dabigatran versus
warfarin.

0 The observational studies demonstrated a benefit in all-cause mortality for patients on
dabigatran compared with warfarin. RCT evidence, however did not demonstrate
evidence of a difference. In addition, observational studies did not show a difference
in myocardial infarction while RCT studies suggested an increase with dabigatran.

Xa inhibitors (all-cause mortality): The observational studies did not show a reduction in

all-cause mortality across Xa inhibitors, whereas RCTs showed reduction in all-cause

mortality across Xa inhibitors.

Other RCT findings were supported by existing observational studies.

Shared Decisionmaking Tools

While many publications have described decision support tools for anticoagulation for
patients with nonvalvular AF, these tools are all early in development, haven’t been
validated, and the tools are not in clinical use.

Future studies are required to evaluate how decision aids influence actual choices and
clinical outcomes.

Key Limitations and Research

Gaps

For risk prediction tools, further studies are needed that: (1) report complete data across
the full continuous range of scores; (2) use validated clinical outcomes for stroke and
bleeding; and (3) compare all available risk scores using consistent and appropriate
statistical evaluations such as c-statistics.

There is a need for a tool that could be used for decisionmaking about antithrombotic
therapy in AF patients taking into account both thromboembolic and bleeding risks.
Additional studies utilizing prospectively constructed databases (registries) with longer-
term outcomes data that compare all available risk prediction tools would be of great use
in better clarifying which risk score system is superior in predicting major bleeding or
thromboembolic risk.

It is important to have new studies with head-to-head comparisons of direct oral
anticoagulants (DOACS). Given variability in patient populations, concomitant therapies,
and underlying patient care, indirect comparisons across RCTs in this field is of limited
use.

There are also many novel invasive treatments for treating AF such as left atrial
appendage (LAA) closure devices but the evidence remains sparse about these
interventions in terms of stroke prevention. Studies need to be conducted in patients who
receive these procedures to determine if and how anticoagulation strategies should be
modified in patients receiving these procedures.

An area worthy of further study is the use of the direct oral anticoagulants in specific
populations of patients such as those with severe kidney disease (end-stage renal disease),
older adults, patients with comorbid diseases, or frail patients.
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Table A. Summary of review characteristics

Population Included in the Review

Key inclusion criteria: Adults 218 years of age with nonvalvular atrial fibrillation (paroxysmal,
persistent, or permanent), including those with atrial flutter

Key exclusion criteria: Patients with known reversible causes of atrial fibrillation (e.g., postoperative
atrial fibrillation or hyperthyroidism); those under 18 years of age

Key Topics and Interventions Covered by the Review

1. The accuracy and utility? of clinical and imaging tools used to predict stroke and clot risk

Clinical tools including:
- CHADS:z score
- CHA2DS2-VASCc score
- Framingham risk score
- ABC stroke risk score

Imaging tools including:
- Transthoracic echo
- Transesophageal echo
- CT scans
- Cardiac MRIs

2. The accuracy and utility? of clinical tools used to predict bleeding risk

Clinical tools including:
- HAS-BLED score
- HEMORR2HAGES score
- ATRIA score
- Bleeding Risk Index
- ABC bleeding risk score

3. The comparative safety (in terms of bleeding risk) and effectiveness (in terms of stroke
prevention) of various pharmacologic and procedural interventions used to prevent stroke and
blood clots in patients with nonvalvular atrial fibrillation

Pharmacologic interventions including:
- Anticoagulants
- Warfarin
- Direct oral anticoagulants (dabigatran, apixaban, rivaroxaban, edoxaban)
- Antiplatelets
- Clopidogrel
- Aspirin
- Dipyridamole
- Combinations of antiplatelets (e.g., aspirin + dipyridamole)

Procedural interventions including:
- Surgical interventions (e.g. left atrial appendage occlusion,
resection/removal)
- Minimally invasive interventions (e.g., AtriClip, LARIAT)
- Transcatheter (e.g., WATCHMAN, AMPLATZER, PLAATO)

Timing of the Review

Beginning search date: January 1, 2000

End search date: February 14, 2018

Important Studies Underway
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Population Included in the Review

RCTs involving direct comparisons of newer oral anticoagulants:

e Comparison of Efficacy and Safety Among Dabigatran, Rivaroxaban, and Apixaban in Non-Valvular
Atrial Fibrillation (NCT02666157) — targeted enroliment of 3672, to be completed December 2018

The Danish Non-vitamin K Antagonist Oral Anticoagulation Study in Patients With Atrial Fibrillation

(NCT03129490) — targeted enrollment of 11,000, to be completed September 2021

a Utility is defined as the impact on clinical and patient decisionmaking including diagnostic thinking, therapeutic efficacy, and
patient outcome efficacy.

Abbreviations: ABC=age, biomarkers, clinical history; ATRIA=Age, female, diabetes, congestive heart failure, hypertension,
proteinuria; CHADS,=congestive heart failure, hypertension, age >75, diabetes, stroke/transient ischemic attack; CHA2DS,-

VASc=Congestive heart failure/left ventricular ejection fraction <40%, hypertension, age >75, diabetes, stroke/transient ischemic
attack/thromboembolism, vascular disease, age 65-74, sex; HAS-BLED=hypertension, abnormal renal/liver function, stroke,
bleeding history or predisposition, labile INR, elderly (> 65), drugs/alcohol concomitantly; HEMORR2HAGES=Hepatic or renal
disease, ethanol (alcohol) abuse, malignancy, older (> 75), reduced platelet count or function, rebleeding risk, hypertension
(uncontrolled), anemia, genetic factors, excessive fall risk, stroke history; MRI=magnetic resonance imaging
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Introduction

Background

Atrial fibrillation (AF) is an irregular supraventricular tachyarrhythmia (any tachycardic
rhythm originating above the ventricular tissue). It is characterized by uncoordinated atrial
activation with consequent deterioration of mechanical function.! Atrial flutter is a common
abnormal heart rhythm, similar to AF. Both conditions are types of supraventricular tachycardia
in which the upper chambers of the heart beat too fast, which results in loss of effective atrial
muscle contractions. Within this systematic review, we will use AF to include patients with
either atrial fibrillation and atrial flutter.

AF is the most common cardiac arrhythmia seen 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 population,?® occurring in about 2.2
million people in the United States. The prevalence increases to about 6 percent in people 65
years of age or older, and to 10 percent in people 80 years of age or older.* It is estimated that by
the year 2050 there will be 12.1 million Americans with AF, representing more than a two-fold
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 three-fold increase from 2000.°

Management of AF involves three distinct areas, namely, rate control, rhythm control, and
prevention of thromboembolic events. This review will focus on prevention of thromboembolic
events.

Atrial Fibrillation and Stroke

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.®® Patients with AF have a five-fold increased risk of stroke, and it is estimated
that up to 25 percent of all strokes in the elderly are a consequence of AF.* Further, AF-related
strokes are more severe than other types of stroke, with AF patients being twice as likely to
become bedridden than patients with stroke from other etiologies and more likely to die from the
stroke.®!! Consistent with the nature of these events, AF-related stroke constitutes a significant
economic burden, costing Medicare approximately $8 billion annually.*?

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.® The risk of stroke increases from 1.5
percent for patients with AF who are 50 to 59 years of age to 23 percent for those who are aged
80 to 89.1° Congestive heart failure, hypertension, age greater than 75 years, diabetes mellitus,
and prior stroke or transient ischemic attack (T1A) are considered independent risk factors for
stroke as well as for AF. Aggressive primary prevention and intervention after these risk factors
are present is essential to optimally manage the increased risk of developing AF or stroke
independently or together.

Note: The reference list follows the appendixes.



Stroke Prevention Strategies in Atrial Fibrillation

A 2013 AHRQ Comparative Effectiveness Review (CER) evaluated questions related to
stroke prevention in patients with AF and atrial flutter.X® The original review found that CHADS;
(congestive heart failure, hypertension, age >75, diabetes, stroke/transient ischemic attack) and
CHA:2DS,-VASc (congestive heart failure/left ventricular ejection fraction <40%, hypertension,
age >75, diabetes, stroke/TIA/thromboembolism, vascular disease, age 65-74, sex) scores have
the best prediction ability for stroke events in patients with AF, whereas HAS-BLED provides
the best prediction ability of bleeding risk. The review found insufficient evidence on imaging
tools such as transthoracic echo (TTE), transesophageal echo (TEE), computed tomography (CT)
scans, or cardiac magnetic resonance imaging (MRI) in relation to risk stratification for
thromboembolic events. Newer anticoagulants (direct oral anticoagulants [DOACs]) resulted in
reduced stroke and bleeding events when compared with warfarin, and apixaban showed better
efficacy and similar safety to aspirin in patients who are not candidates for warfarin. Given the
uncertainties which remained within the limitations of the available evidence, and the new data
which have emerged since that report, an update of the systematic review was commissioned.

Risk Stratification

Stroke prevention in AF is complex. 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. Appropriate allocation of treatment to patients at the highest
risk is critical to reduce morbidity after stroke in AF patients. However, as will be discussed, the
prevention of stroke in AF comes at a cost, namely bleeding. As a result, risk stratification is
paramount in patients with AF. For example, treatment with high-risk medications that can cause
bleeding may unnecessarily expose patients with a low probability of thromboembolic events to
the complications of monitoring and increased risk of bleeding. Likewise, not treating patients at
high risk for thromboembolic events increases the likelihood of such an event. Risk stratification
allows the appropriate matching of patients at risk with appropriate therapy, recognizing that
there is a clinical balance that needs to be struck when treating a patient at high risk of stroke
with a medication that increases the risk of major or life-threatening bleeds. The ultimate goal of
risk stratification is achieving maximum treatment benefit with the lowest risk of complications
for each patient based on his/her individual risk for each outcome. How best to balance the
various outcomes of interest with their differing safety and effectiveness—and patient
preferences for these outcomes—is challenging.

As mentioned previously, independent risk factors for stroke include congestive heart failure,
hypertension, older age (>75 years), diabetes mellitus, prior stroke or transient ischemic attack,
vascular disease, and female sex, and several of these factors are associated with AF. These risk
factors are the elements that form the CHADS; and CHA2DS»-VASc scores.!*** The CHADS;
score ranges from 0 to 6, with increasing scores corresponding to increasing stroke risk, and is
easy to calculate and apply in clinical practice. The adjusted annual rates of stroke vary from 1.9
percent in patients with a CHADS: score of 0 to 18.2 percent in patients with a CHADS; score of
6.14 Similarly, the CHA2DS,-VASc score ranges from 0 to 9, with increasing scores
corresponding to increasing stroke risk, and is easy to calculate and apply in clinical practice.!
The adjusted annual rates of stroke vary from 1.3 percent in patients with a CHA2DS>-VASc
score of 1 to 15.2 percent in patients with a CHA2DS»-VASc score of 9.1° A number of studies
have examined the appropriate populations and therapies for adequate stroke prophylaxis in AF.
The 2014 American Heart Association/American College of Cardiology/Heart Rhythm Society



(AHA/ACC/HRS) Guideline for the Management of Patients with Atrial Fibrillation
recommends the use the CHA,DS,-VVASc score to estimate the stroke risk, and states oral

anticoagulation is indicated for patients with a score >2 and should be considered for patients
with a score of 1 (i.e., with one risk factor).t’

Use of Anticoagulation Therapy

While anticoagulation for prevention of stroke can be beneficial, it is not without risks.
Assessing the risk of bleeding in patients with AF who are being considered for anticoagulation
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 from 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, 11,
V, VIl 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 to 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 or ischemic
heart disease, anemia, and concomitant use of antiplatelet therapy in anticoagulated patients).
The HAS-BLED score was developed for estimating bleeding risk in patients with chronic AF
treated with warfarin and is one of the most widely examined scores for bleeding risk in AF.
Scores range from 0 to 9. A score >3 indicates a high risk of bleeding with oral anticoagulation
and/or aspirin.'® The HAS-BLED score may aid decisionmaking in clinical practice and is
recommended by the 2014 AHA/ACC/HRS Guideline for the Management of Patients with
Atrial Fibrillation.’

Based on the original systematic review, however, the strength of evidence was low for the
CHA:2DS,-VASc score and moderate for the HAS-BLED score. After the initial review, several
evidence gaps remain, including how best to predict the overall clinical risk of patients
(combining both their risk of stroke and their risk of bleeding), how best to use imaging studies
to assess thromboembolic risk, and how to increase the dissemination of point-of-care tools to
improve risk assessment and guide treatment choices for clinicians.

Therapeutic Options for Stroke Prevention in Atrial Fibrillation

Much of the focus of AF management has been on treatment strategies for stroke prevention.
Antithrombotic therapies are the mainstays used to prevent thromboembolic events in patients
with AF. VKAs are highly effective for the prevention of stroke in patients with nonvalvular AF.
VKAs such as warfarin have been in use for more than 50 years. These compounds create an
anticoagulant effect by inhibiting the y-carboxylation of vitamin K-dependent factors (11, VI,
IX, and X).1° In a meta-analysis of 29 randomized controlled trials (RCTs) including 28,000
patients with nonvalvular AF, warfarin therapy led to a 64 percent 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% Cl 3% to 34%).2°



Unfortunately, two critical issues regarding stroke prevention in AF remain: (1) despite
existing evidence, only a minority of patients who have AF and are at risk for stroke receive
optimal treatment for thromboembolic prevention,?-?? and (2) patients with AF on stroke
prophylaxis with warfarin still have higher rates of stroke than non-AF patients,!’ suggesting that
gaps still exist in our understanding of risk stratification and treatment. With the introduction of
DOAC:s for stroke prevention, providers, and patients have wider choices available for treatment.
Accordingly, identifying high-risk patients and choosing the optimal treatment have become
even more complex.

In recent years (since 2009), four large trials comparing direct oral anticoagulants with VKAs
have been completed, with a combined sample size of over 71,000 subjects:

e RE-LY (Randomized Evaluation of Long-Term Anticoagulation Therapy), with
approximately 18,000 subjects and evaluating the direct Factor Ila (thrombin) inhibitor
dabigatran (2009)%

e 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 direct factor Xa inhibitor
rivaroxaban (2011)%

e ARISTOTLE (Apixaban for Reduction in Stroke and Other Thromboembolic Events in
Atrial Fibrillation), with approximately 18,000 subjects and evaluating the direct factor
Xa inhibitor apixaban (2011)%

e ENGAGE-AF TIMI-48 (Effective Anticoagulation with Factor Xa Next Generation in
Atrial Fibrillation—-Thrombolysis in Myocardial Infarction 48 (ENGAGE AF-TIMI 48),
with approximately 21,000 subjects and evaluating the direct Xa inhibitor edoxaban
(2013)%

At the time of release of this report, all four of these agents (dabigatran, rivaroxaban,
apixaban, and edoxaban) have been approved by the U.S. Food and Drug Administration (FDA).
Additional anticoagulant therapies in the investigational stage (without FDA approval) include
idraparinux. Only the 150mg dose of dabigatran has been approved for atrial fibrillation.
Dabigatran 110mg is not approved for stroke prevention in atrial fibrillation in the US. In
addition, studies evaluating procedural interventions of stroke prevention are also entering the
evidence base.

Table 1 provides an overview of the therapeutic options currently considered for stroke
prevention for patients with AF. Following recent recommendations from the European Society
of Cardiology on the management of AF,?” antiplatelet agents are no longer recommended for
stroke prevention in AF. Because the ACC/AHA/HRS Guidelines have not yet been updated
with a similar recommendation,*” we include antiplatelet agents as a comparator of interest but
do not include it in the table.



Table 1. Major therapeutic options for stroke prevention in atrial fibrillation

Treatment Description
Vitamin K antagonists VKAs such as warfarin, have been the standard-of-care for stroke
(VKA) prevention in patients with atrial fibrillation (AF) for decades. However,

it is often difficult to achieve and maintain the international normalized
ratio (INR), a measure of anticoagulation, within a therapeutic range
(2.0-3.0), and multiple food and drug interactions make the
management of VKAs very difficult. In addition, the need to monitor
the international normalized ratio (INR) on a regular basis can
discourage some patients from taking VKAs. These important
challenges associated with VKA treatment have ignited the interest in
developing novel therapeutic options, with better efficacy and safety

profiles.
Direct oral anticoagulants Currently, there are four DOACs approved for stroke prevention in
(DOACS) patients with nonvalvular AF: dabigatran (thrombin inhibitor),

apixaban, rivaroxaban, and edoxaban (all factor Xa inhibitors). These
agents have been studied in large randomized trials. With the
availability of these drugs for clinical use, additional knowledge is
needed to help inform decisionmaking related to whether these
medications are safe and effective in patient populations not included
or not well represented in clinical trials and to better understand the
relative risks and benefits of these drugs based on individual patient
characteristics.

Procedural interventions Procedural interventions for stroke prophylaxis have emerged and are
growing in their use. For example, left atrial appendage (LAA)
occlusive devices are an alternative treatment strategy used to
prevent blood clot formation in patients with AF. Although evidence is
sparse, for patients with AF who are elderly (at high risk for falls), have
a prior bleeding history, are pregnant, and/or noncompliant, LAA
occlusion may be a better stroke prevention strategy.

Abbreviations: AF=atrial fibrillation; DOAC=direct oral anticoagulant; INR=international normalized ratio; LAA=left atrial
appendage; VKA=vitamin K antagonist

Scope and Key Questions

Scope of the Review

There are several areas of insufficient evidence and uncertainty within the field of stroke

prevention in patients with AF:

e The comparative diagnostic accuracy and impact on clinical decisionmaking of available
clinical and imaging tools for predicting thromboembolic and bleeding risk in patients
with AF are uncertain.

e There is a lack of information to guide decisions regarding the best specific anticoagulant
(versus warfarin) for a given patient.

e The safety and effectiveness of DOACSs are unclear in patients not included or not well-
represented in randomized controlled trials (e.g., patients with moderate to severe chronic
kidney disease (CKD) with estimated glomerular filtration rate [GFR]<60, valvular heart
disease, extremes of body mass index [BMI], older age, women, multiple comorbidities,
and a history of bleeding or frequent falls).

e The relative safety and effectiveness of DOACs as compared to left atrial appendage
(LAA) occlusion devices are uncertain.



This systematic review was commissioned by the Patient-Centered Outcomes Research
Institute (PCORI) to update the report published in 2013 that evaluated questions related to
stroke prevention in patients with AF and atrial flutter.*® Given the evidence that has emerged
since the publication of the 2013 report, this review focuses on updating and expanding on that
report in three key areas: evaluating the accuracy and utility of imaging tools used to prevent
stroke and clot risk, evaluating the accuracy and utility of clinical tools used to predict bleeding
risk, and exploring the comparative safety and effectiveness of various pharmacologic
interventions used to prevent blood clots in patients with nonvalvular atrial fibrillation. In
addition, this review explores the strengths and weaknesses of shared decisionmaking tools
available to aid patients and clinicians in selecting an intervention to prevent stroke.

To increase applicability to the U.S. setting, we restricted our review to interventions
available in the United States. For each Key Question (KQ), we further considered whether the
comparative safety and effectiveness of the interventions evaluated differ among specific patient
subgroups of interest, including patients with comorbid conditions, such as dementia, or renal or
hepatic failure; patients with multiple coexisting conditions (e.g., combinations of hypertension,
diabetes, congestive heart failure, coronary artery disease, and high cholesterol); patients with
prior stroke (by type of event); patients with prior bleed (by type of bleed); patients in the
therapeutic range (versus those not in range); type of AF (paroxysmal, persistent, and
permanent); patients stratified by age; pregnant patients; patients stratified by race/ethnicity; and
patients who are noncompliant with treatment.

Key Questions

The KQs for this systematic review update derive from the original review and have been
updated based on stakeholder feedback obtained by PCORI. These questions were constructed
using the general approach of specifying the Populations, Interventions, Comparators, Outcomes,
Timings, and Settings of interest (PICOTS; see the section on “Inclusion and Exclusion Criteria”
in the Methods chapter for details).

The KQs considered in this CER are:

¢ KQ 1. In patients with nonvalvular atrial fibrillation, what are the comparative diagnostic
accuracy and impact on clinical decisionmaking (diagnostic thinking, therapeutic
efficacy, and patient outcome efficacy) of available clinical and imaging tools and
associated risk factors for predicting thromboembolic risk?

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

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

(@) In patients with nonvalvular atrial fibrillation?
(b) In specific subpopulations of patients with nonvalvular atrial fibrillation?

Contextual Question (CQ)

Contextual Questions are not systematically reviewed but instead use a “best evidence” approach
prioritizing evidence based on study design, reporting, and relevance. Information about the



contextual question may be included as part of the introduction or discussion section and related
as appropriate to the systematic review.
e CQ: What are currently available shared decisionmaking tools for patient and provider
use for stroke prophylaxis in atrial fibrillation, and what are their relative strengths and
weaknesses?

Analytic Framework
Figure 1 depicts the analytic framework for this project.

Figure 1. Analytic framework
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Abbreviations: AF=atrial fibrillation; DV T=deep vein thrombosis; KQ=Key Question; ICH=intracranial hemorrhage;
PE=pulmonary embolism

This figure depicts the KQs within the context of the PICOTS described elsewhere in this
document. The patient population of interest is adults with nonvalvular AF. Interventions of
interest are clinical and imaging tools for predicting thromboembolic risk (KQ 1); clinical tools
and individual risk factors for predicting intracranial hemorrhage bleeding risk (KQ 2); and
anticoagulation therapies, procedural interventions, and antiplatelet therapies in patients with
nonvalvular AF (KQ 3a) and in specific subpopulations of patients with nonvalvular AF (e.g.,
age, presence of heart disease, type of AF, previous thromboembolic event, previous bleed,
comorbid conditions, patients in therapeutic range, pregnant patients, and noncompliant patients)
(KQ 3b). Outcomes of interest are thromboembolic events (cerebrovascular infarction; TIA; and
systemic embolism, excluding pulmonary embolism and deep vein thrombosis); bleeding
outcomes (hemorrhagic stroke, intracranial hemorrhage [intracerebral hemorrhage, subdural
hematoma], major bleed, and minor bleed); other clinical outcomes (mortality, myocardial
infarction, infection, heart block, esophageal fistula, tamponade, dyspepsia [upset stomach],
health-related quality of life, healthcare utilization, and adherence to therapy); and efficacy of the



risk assessment tools (diagnostic accuracy, diagnostic thinking, therapeutic, and patient outcome
efficacy).

Organization of This Report

The remainder of the report details our methodology and presents the results of our literature
synthesis, with summary tables and strength of evidence grading for major comparisons and
outcomes. In the discussion section, we offer our conclusions, summaries of findings, and other
information that may be relevant to translating this work for clinical practice and future research.

Appendixes provide further details on our methods and the studies we assessed, as follows:
Appendix A. Exact Search Strings
Appendix B. Data Abstraction Elements
Appendix C. List of Included Studies
Appendix D. List of Excluded Studies
Appendix E. Key to Included Primary and Companion Articles
Appendix F. Characteristics of Included Studies
Appendix G. Outcomes for Specific Subgroups of Interest: Detailed Study Findings
Appendix H. PCORI Methodology Standards Checklist
Appendix I. Expert Guidance and Review



Methods

The methods for this Comparative Effectiveness Review (CER) follow those suggested in the
Agency for Healthcare Research and Quality (AHRQ) Methods Guide for Effectiveness and
Comparative Effectiveness Reviews (hereafter referred to as the Methods Guide)? and Methods
Guide for Medical Test Reviews (hereafter referred to as the Medical Test Guide).?® Certain
methods map to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) checklist.*°

Review Protocol

This systematic review is an update of an earlier report published in 2013 which evaluated
questions related to stroke prevention in patients with atrial fibrillation (AF) and atrial flutter.™®
Given the uncertainties which remained within the limitations of the available evidence, and the
new data which have emerged since that report, an update of the systematic review was
commissioned.

The Patient-Centered Outcomes Research Institute (PCORI) convened two multi-stakeholder
virtual workshops in December 2016 and January 2017 to gather input from end users of
research and clinical, content, and methodological experts on scoping for the updated review,
prioritization of Key Questions, a discussion of changes in the evidence base since the prior
review, and emerging issues in AF. The protocol for this update was developed based upon
findings from the January 2017 workshop, and builds upon Key Questions (KQs) 1-3 from the
original report. The finalized protocol for this systematic review update is posted on the
Effective Healthcare (EHC) Web site (www.effectivehealthcare.ahrg.gov). The PROSPERO
registration is CRD42017069999.

Literature Search Strategy

Search Strategy

To identify published literature relevant to the KQs, we searched PubMed®, Embase®, and
the Cochrane Database of Systematic Reviews (CDSR), limiting the search to studies published
from January 1, 2000 to February 14, 2018. Studies published prior to 2011 were incorporated
from our original systematic review. The updated search then specifically targeted evidence from
August 1, 2011, to February 14, 2018. The databases were selected based on the approaches
utilized in the original systematic review. An experienced search librarian guided all searches.
Exact search strings are provided in Appendix A. We supplemented the electronic searches with
a manual search of citations from a set of key primary and systematic review articles.3% The
reference list for identified pivotal articles was hand-searched and cross-referenced against our
database, and additional relevant manuscripts were retrieved. All citations were imported into an
electronic bibliographical database (EndNote® Version X7; Thomson Reuters, Philadelphia, PA).
While the draft report is under peer review, we will update the search. We will include any
eligible studies identified either during that search or through peer or public reviewer
recommendations in the final report.

Additionally, our findings from the literature identified in this update were combined with
the findings for the KQs of interest from the original review (KQs 1-3). Modifications made to
the PICOTS (Populations, Interventions, Comparators, Outcomes, Timings, and Settings of
interest) criteria for the KQs considered in this update broadened aspects of both the



interventions and outcomes of interest. We therefore reviewed the citations which were excluded
from the previous systematic review at the full-text level because they did not include either
outcomes of interest or interventions of interest (N=190)*2 to determine which, if any, studies
should now be included as part of the update. Identified eligible studies were incorporated into
this report.

To identify relevant gray literature, the EPC Scientific Resource Center notified stakeholders
that the EPC was interested in receiving information that the stakeholders would consider
relevant to the KQs. Solicitations included a notice posted in the Federal Register and on the
AHRQ Effective Health Care Web site. We also searched ClinicalTrials.gov for two purposes:
(1) to identify relevant articles from completed studies that may not have appeared in our other
search strategies and (2) as one mechanism to ascertain publication bias in recent studies. For the
latter goal, we sought to identify completed but unpublished studies that could impact the
findings of the review. Search terms used for ClinicalTrials.gov are provided in Appendix A. We
also explored the possibility of publication bias specifically in our quantitative synthesis of the
included literature through meta-analysis techniques such as a funnel plot when appropriate.

To identify key literature to address the Contextual Question (CQ), we designed a specific
search string for PubMed (provided in Appendix A). We also considered studies that were
identified as addressing the KQs, as well as reviews captured by our search that discuss currently
available shared decisionmaking tools for stroke prophylaxis in atrial fibrillation. CQs are not
systematically reviewed and use a “best evidence” approach. The CQ is discussed within the
context of the Discussion of this report.

Inclusion and Exclusion Criteria

The PICOTS criteria used to screen articles for inclusion/exclusion at both the title-and-
abstract and full-text screening stages are detailed in Table 2.
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Table 2. Inclusion and exclusion criteria

e Patients with nonvalvular AF (including atrial flutter):
o0 Paroxysmal AF (recurrent episodes that self-
terminate in less than 7 days)
o0 Persistent AF (recurrent episodes that last
more than 7 days until stopped)
o0 Permanent AF (continuous)
o Patients with AF who experience acute
coronary syndrome
e  Subgroups of interest for KQ 3 include (but are not
limited to):
o Age
Sex
Race/ethnicity
Presence of heart disease
Type of AF
Comorbid conditions (such as moderate to
severe chronic kidney disease (eGFR<60),
dementia)
When in therapeutic range
When non-adherent to medication
Previous thromboembolic event
Previous bleed
o Pregnant

O 0O O o0 o

O 0O oo

PICOTS Inclusion Criteria Exclusion Criteria
Element
Populations e  Adults (218 years of age) e Patients who have known

reversible causes of AF
(including but not limited to
postoperative,
hyperthyroidism)

e All subjects are <18 years of

age, or some subjects are
under <18 years of age but
results are not broken down
by age

Interventions

KQ 1: Clinical and imaging tools and associated risk factors
for assessment/evaluation of thromboembolic risk:
e Clinical tools include:
o CHADS: score
o CHA:DS2-VASc score
o Framingham risk score
o0 ABC stroke risk score
e Individual risk factors include:
INR level
Duration and frequency of AF
Age
Prior stroke
Type of AF
Cognitive impairment
Falls risk
Presence of heart disease
Presence and severity of CKD
DM
Sex
Race/ethnicity
Cancer
o HIV
e Imaging tools include:
o Transthoracic echo (TTE)
o Transesophageal echo (TEE)
o CTscans
o Cardiac MRIs

o

O OO0 O0OO0OO0OO0OO0OO0OOoOOoOOo

None
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PICOTS
Element

Inclusion Criteria

Exclusion Criteria

KQ 2: Clinical tools and individual risk factors for
assessment/evaluation of intracranial hemorrhage bleeding
risk:
e Clinical tools include:
o HAS-BLED score
o HEMORR2HAGES score
0 ATRIA score
o0 Bleeding Risk Index
0 ABC Bleeding Risk score
e Individual risk factors include:
o0 INR level
Duration and frequency of AF
Age
Prior stroke
Type of AF
Cognitive impairment
Falls risk
Presence of heart disease
Presence and severity of CKD
DM
Sex
Race/ethnicity
Cancer
HIV

O 0O O0O0OO0OO0OO0OO0OOoOO0OOoOOoODOo

KQ 3: Anticoagulation, antiplatelet, and procedural
interventions:
e Anticoagulation therapies:
o0 VKAs: Warfarin
o Newer anticoagulants (direct oral
anticoagulants [DOACSs]))
= Direct thrombin Inh-DTI: Dabigatran
=  Factor Xa inhibitors:
e Rivaroxaban
e Apixaban
e Edoxaban
e Antiplatelet therapies:
o Clopidogrel
o0 Aspirin
o Dipyridamole
o Combinations of antiplatelets
= Aspirin+dipyridamole
e Procedures:
0 Surgeries (e.g., left atrial appendage
occlusion, resection/removal)
o Minimally invasive (e.g., Atriclip, LARIAT)
o Transcatheter WATCHMAN™,
AMPLATZER™, PLAATO)
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PICOTS

Inclusion Criteria

Exclusion Criteria

Element
Comparators | ¢  KQ 1: Other clinical or imaging tools listed for assessing | For KQ 3, studies that did not
thromboembolic risk include an active comparator
e KQ 2: Other clinical tools listed for assessing bleeding
risk
e KQ 3: Other anticoagulation therapies, antiplatelet
therapies, or procedural interventions for preventing
thromboembolic events
Outcomes e Assessment of clinical and imaging tool efficacy for Study does not include any

predicting thromboembolic risk and bleeding events
(KQs 1 and 2):

o Diagnostic accuracy efficacy

o Diagnostic thinking efficacy (defined as how
using diagnostic technologies help or confirm
the diagnosis of the referring provider)

o0 Therapeutic efficacy (defined as how the
intended treatment plan compares with the
actual treatment pursued before and after the
diagnostic examination)

o Patient outcome efficacy (defined as the
change in patient outcomes as a result of the
diagnostic examination)

Patient-centered outcomes for KQ 3 (and for KQ 1
[thromboembolic outcomes] and KQ 2 [bleeding outcomes]
under “Patient outcome efficacy”):
e  Thromboembolic outcomes:

o Cerebrovascular infarction

o TIA

0 Systemic embolism (excludes PE and DVT)
e Bleeding outcomes:

0 Hemorrhagic stroke

o Intracranial hemorrhage (intracerebral

hemorrhage, subdural hematoma)
o0 Major and minor bleed (stratified by type and

location)?
e Other clinical outcomes:
0 Mortality

= All-cause mortality
=  Cardiovascular mortality
Myocardial infarction
Infection
Heart block
Esophageal fistula
Cardiac tamponade
Dyspepsia
Health-related quality of life
Functional capacity
Health services utilization (e.g., hospital
admissions, outpatient office visits, ER visits,
prescription drug use)
o0 Long-term adherence to therapy

O OO O0OO0OO0OO0OO0OOo

outcomes of interest
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PICOTS

Inclusion Criteria Exclusion Criteria
Element

o Cognitive function

Timing e Timing of followup not limited None

Setting e Inpatient and outpatient Studies which were conducted

exclusively in Asia, Africa, or the

Middle East®

Study design | ¢  Original peer-reviewed data ¢ Not a clinical study (e.g.,

e N 220 patients editorial, nonsystematic

e RCTs, prospective and retrospective observational review, letter to the editor,
studies case series, case reports)

e Abstract-only or poster
publications; articles that
have been retracted or
withdrawn

e Because studies with fewer
than 20 subjects are often
pilot studies or studies of
lower quality,%687 we
excluded them from our
review

e Systematic reviews, meta-
analyses, or methods articles
(used for background and
component references only)

e Observational studies that
are only relevant to KQ 3
(treatment), have fewer than
1000 patients, and only
target pharmacological
interventions®

Publications | ¢  English-language publications ¢ Non-English-language

e Published on or after January 1, 2000 publications®

e Relevant systematic reviews,
meta-analyses, or methods
articles (will be used for
background only)

aDifferent classification systems are used for bleeding (e.g., International Society on Thrombosis and Haemostasis [ISTH],
Global Utilization Of Streptokinase And Tpa For Occluded Arteries [GUSTO], and Thrombolysis In Myocardial Infarction
[TIMI]). Systems of classification used across studies vary. We report data based on the studies’ classification system(s) and
incorporate this information into any quantitative synthesis of the data. We did not expect studies to provide enough granular data
to classify the events ourselves.

bThis criterion excludes areas of the world where clinical practice differs significantly from standards in the United States.
¢Observational studies with fewer than 1000 patients targeting only pharmacological interventions were considered by the
investigators to be insufficiently powered to modify decisionmaking relative to other evidence available to be searched. Note this
exclusion does not restrict observational studies that target nonpharmacologic interventions where evidence is more sparse and
smaller studies may have a larger impact on the review findings.

dDue to (1) the high volume of literature available in English language publications, (2) the focus of our review on applicability
to populations in the United States, and (3) the scope of our KQs, it is the opinion of the investigators that the resources required
to translate non-English articles was not justified by the low potential likelihood of identifying relevant data unavailable from
English-language sources.

Abbreviations: ABC=age, biomarkers, clinical history; AF=atrial fibrillation; ATRIA=age, female, diabetes, congestive heart
failure, hypertension, proteinuria, eGFR <45 or ESRD; CHADS,=congestive heart failure, hypertension, age >75, diabetes,
stroke/TIA; CHA2DS2-VASc=congestive heart failure/left ventricular ejection fraction <40%, hypertension, age >75, diabetes,
stroke/T1A/thromboembolism, vascular disease, age 65-74, sex; CKD=chronic kidney disease; CT=computed tomography;
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DM=diabetes mellitus; DTI=direct thrombin inhibitor; DV T=deep vein thrombosis; eGFR=estimated glomerular filtration rate;
ER=emergency room; ESRD=end-stage renal disease; HAS-BLED=hypertension, abnormal renal/liver function, stroke, bleeding
history or predisposition, labile INR, elderly (>65), drugs/alcohol concomitantly; HEMORR2HAGES=hepatic or renal disease,
ethanol (alcohol) abuse, malignancy, older (>75), reduced platelet count or function, rebleeding risk, hypertension (uncontrolled),
anemia, genetic factors, excessive fall risk, stroke history; HIV=human immunodeficiency virus; INR=international normalized
ratio; KQ=Key Question; MRI=magnetic resonance imaging; PE=pulmonary embolism; PICOTS=Populations, Interventions,
Comparators, Outcomes, Timing, Settings; PLAATO=Percutaneous Left Atrial Appendage Transcatheter Occlusion;
RCT=randomized controlled trial; TIA=transient ischemic attack; VKA=Vitamin K antagonists

Study Selection

Using the prespecified inclusion and exclusion criteria described in Table 2, two
investigators independently reviewed titles and abstracts 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. When the two reviewers arrived at different decisions
about whether to include or exclude an article, they reconciled the difference through review and
discussion, or through a third-party arbitrator. Articles meeting eligibility criteria were included
for data abstraction. At random intervals during screening, quality checks by senior team
members were made to ensure that screening and abstraction were consistent with
inclusion/exclusion criteria and abstraction guidelines. All screening decisions were made and
tracked in a Distiller SR software program (Evidence Partners Inc, Manotick, ON, Canada).

Appendix C provides a list of all articles included for data abstraction. Appendix D provides
a list of articles excluded at the full-text screening stage, with reasons for exclusion.

To inform the CQ, we searched the studies included to address the KQs as well as reviews
captured by our search that discuss currently available shared decisionmaking tools for stroke
prophylaxis in atrial fibrillation. The CQ is discussed within the context of the Discussion of the
report.

Data Extraction

The research team created data abstraction forms and evidence table templates for abstracting
data for each KQ. Based on clinical and methodological expertise, a pair of investigators was
assigned to abstract data from each eligible article. One investigator abstracted the data, and the
second reviewed the completed abstraction form alongside the original article to check for
accuracy and completeness. Disagreements were resolved by consensus, or by obtaining a third
reviewer’s opinion if consensus could not be reached. Articles which represented evidence from
the same overall study were linked to avoid duplication of patient cohorts.

We designed the data abstraction forms to collect the data required to evaluate the specified
eligibility criteria for inclusion in this review, as well as demographic and other data needed for
determining outcomes (intermediate, final, and adverse events outcomes). We paid particular
attention to describing the details of diagnostic tools (e.g., instrument version, administration
mode), details of the treatment (e.g., dosing, co-interventions, methods of procedural therapies),
patient characteristics (e.g., etiology of AF, history of prior bleed or stroke) and study design
(e.g., RCT versus observational) that may be related to outcomes. In addition, we described
comparators carefully, as treatment standards may have changed during the period covered by
this review. The safety outcomes were framed to help identify adverse events, including those
from drug therapies and those resulting from procedural complications. Data necessary for
assessing quality and applicability, as described in the Methods Guide,?® were abstracted. Before
the data abstraction form templates were used, they were pilot-tested with a sample of included
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articles to ensure that all relevant data elements were captured and that there was
consistency/reproducibility between abstractors. Forms were revised as necessary before full
abstraction of all included articles. Some outcomes were reported only in figures. In these
instances, we used the web-based software, EnGauge Digitizer (http://digitizer.sourceforge.net/)
to convert graphical displays to numerical data. Appendix B provides a detailed listing of the
elements included in the data abstraction forms. Final abstracted data will be uploaded to the
Systematic Review Data Repository (SRDR) per EPC requirements.

Quality (Risk of Bias) Assessment of Individual Studies

We assessed methodological quality, or risk of bias, for each individual study using tools
specific to the study’s characteristics. For all studies, we used the following strategy: (1) classify
the study design, (2) apply predefined criteria for appraisal of quality, and (2) arrive at a
summary judgement of the study’s quality. For studies assessing diagnostic accuracy, we used
the Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2) tool, following
guidance for use of that tool to arrive at an overall judgement as defined in Table 3.8

Table 3. Definitions of overall quality assessment ratings for diagnostic studies
Rating Description

Low risk of bias No major features that risk biased results. Randomized controlled trials are considered a
high-quality study design, but studies that include consecutive patients representative of
the intended sample for whom diagnostic uncertainty exists may also meet this standard. A
“low risk” study avoids the multiple biases to which medical test studies are subject (e.g.,
use of an inadequate reference standard, verification bias), and key study features are
clearly described, including the comparison groups, outcomes measurements, and
characteristics of patients who failed to have actual state (diagnosis or prognosis) verified.

Medium risk of bias | Susceptible to some bias, but flaws not sufficient to invalidate the results. The study does
not meet all the criteria required for a rating of low risk, but no flaw is likely to cause major
bias. The study may be missing information, making it difficult to assess limitations and
potential problems.

High risk of bias Significant flaws imply biases of various types that may invalidate the results. The study
has significant biases determined a priori to be major or “fatal” (i.e., likely to make the
results either uninterpretable or invalid).

For nondiagnostic studies, we used the Cochrane Risk of Bias tool for randomized studies®®°

and the Risk Of Bias In Nonrandomised Studies of Interventions (ROBINS-I) tool for
observational studies.®"% We rated each study as being of good, fair, or poor quality based on its
adherence to well-accepted standard methodologies. For each study, one investigator made an
assessment of methodological quality which was then reviewed by a second investigator;
disagreements were resolved by consensus or by a third investigator if agreement was not
reached.

Quality assessment was outcome-specific, such that a given study that analyzed its primary
outcome well but did an incomplete analysis of a secondary outcome could be assigned a
different quality grade for each of the two outcomes. We applied this outcome-specific quality
assessment to groups of outcomes that have lower risk of detection bias (e.g., mortality) and
those at higher risk of detection bias (e.g., quality of life outcomes). Studies of different designs
were evaluated within the context of their respective designs.
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To indicate the summary judgment of the quality of individual nondiagnostic studies, we
used the summary ratings of good, fair, or poor based on the classification scheme presented in
Table 4.

Table 4. Definitions of overall quality assessment ratings for nondiagnostic studies

Quality Rating Description
Good (low risk of These studies had the least bias, and the results were considered valid. These studies
bias) adhered to the commonly held concepts of high quality, including the following: a clear

description of the population, setting, approaches, and comparison groups; appropriate
measurement of outcomes; appropriate statistical and analytical methods and reporting; no
reporting errors; a low dropout rate; and clear reporting of dropouts.

Fair (medium risk of | These studies were susceptible to some bias, but not enough to invalidate the results. They
bias) did not meet all the criteria required for a rating of good quality because they had some
deficiencies, but no flaw was likely to cause major bias. The study may have been missing
information, making it difficult to assess limitations and potential problems.

Poor (high risk of These studies had significant flaws that might have invalidated the results. They had
bias) serious errors in design, analysis, or reporting; large amounts of missing information; or
discrepancies in reporting.

We did not formally re-evaluate quality ratings for articles considered in this report that were
included within the original systematic review. The quality assessments performed in the original
review were based on QUADAS-2 for KQs 1 and 2, and for KQ 3, on an approach described in
the Methods Guide?® that used a similar strategy of (1) classifying the study design, (2) applying
predefined criteria for quality and critical appraisal, and (3) arriving at a summary judgment of
the study’s quality. Criteria considered for each study type were derived from core elements
described in the Methods Guide (details available in the prior report).** When we identified
additional publications describing results from a study that was included within the prior review,
we reviewed the new article(s) in the context of the prior quality rating to determine if any
adjustment to the prior quality rating was warranted. Quality ratings for individual studies are
presented in Appendix F.

Data Synthesis

We began by summarizing key features of the included studies for each KQ. To the degree
that data were available, we abstracted information on study design; patient characteristics;
clinical settings; diagnostic tools; and intermediate, final, and adverse event outcomes. We
ordered our findings by treatment or diagnostic comparison, and then within these comparisons
by outcome, with long-term final outcomes emphasized.

We reviewed and highlighted studies using a hierarchy-of-evidence approach. The best
evidence available (normally RCTs) was the focus of our synthesis for each KQ. If high quality
evidence was not available, we described any lower quality evidence we were able to identify,
but we underscored the elements that influenced our assessment of lower quality and the
uncertainties in our findings. We assessed whether the inclusion of lower quality studies would
change any of our conclusions and performed sensitivity analyses excluding such evidence
where appropriate.

We determined the feasibility of completing a quantitative synthesis (i.e., meta-analysis)
based on the volume of relevant literature, conceptual homogeneity of the studies 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 (KQ 3), when
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appropriate. We required three appropriate studies to consider meta-analysis of intervention
studies and three to consider meta-analysis of observational diagnostic test studies. Given
concerns about quality, we did not include observational studies in quantitative synthesis that did
not use propensity matching for controls or similar methods.

When at least three comparable studies reported the same outcome, we used the R statistical
package (version 3.1.2) (The R Foundation), with the “metafor” meta-analysis library (version
1.9-7) to synthesize the available evidence quantitatively. We used the random-effects
DerSimonian and Laird estimator® to generate summary values. In addition, we used the
Knapp-Hartung approach to adjust the standard errors of the estimated coefficients. We explored
heterogeneity using graphical displays and test statistics (Q and I? statistics), while recognizing
that the ability of statistical methods to detect heterogeneity may be limited. We perform
guantitative and qualitative syntheses separately by study type and discuss their consistency
qualitatively. When we were able to calculate hazard ratios (HRs), we assumed that a HR
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 which quantify the
prediction/discrimination ability of the studied tools. Since these tools are not binary, summary
receiver operating characteristic (ROC) curves were not considered as would have been possible
for binary diagnostic tests. The c-statistics were pooled by considering their estimated values
(point estimates) and confidence intervals, and the “Generic point estimates” effect specification
option in the Comprehensive Meta-Analysis software. 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 prediction adequate for genuine clinical utility.®* 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 prediction accuracy in the patient data set used to develop the model than in
independent sets of patients; we therefore indicate when studies being discussed were actually
used to develop the models they describe.

For KQ 3 we focus on the statistical significance of our findings for the individual outcomes
but do not make recommendations on whether specific differences are clinically relevant.

We hypothesized that the methodological quality of individual studies, study type, the
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 identified a set of comparisons and outcomes for strength of evidence grading with the
goal of selecting outcomes of greatest importance for decisionmaking. We rated strength of
evidence using the approach described in the Methods Guide.?®% and Medical Test Guide.?® We
graded the strength of evidence for each outcome individually; thus, the strength of evidence for
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two separate outcomes in a given study may be graded differently. These grades are presented in
the strength of evidence tables in the Discussion section of the report.

Briefly, the approach requires assessment of five domains: study limitations (previously
named risk of bias), consistency, directness, precision, and reporting bias, which includes
publication bias, outcome reporting, and analysis reporting bias. Note that reporting bias was not
possible to assess for the diagnostic studies. The five 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. The four-level rating scale is described in
Table 5. 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.®® We assumed that outcomes based on only 1 study should not be downgraded for
lack of consistency if the study included more than 1,000 patients. Intention-to-treat (ITT)
findings were evaluated when available and form the basis of our strength of evidence ratings.
When ITT findings were not available and only on-treatment findings were reported, our
confidence in the stability and precision of our findings was reduced, and therefore the related
strength-of-evidence rating was lowered. Finally, when outcomes were assessed by RCTs and
observational studies, we focused our strength of evidence rating on the findings from the RCTs
and then increased or decreased the strength of evidence rating depending on whether findings
from the observational studies were consistent or inconsistent with those from the RCTs. We
provided greatest weight to findings from large RCTs.

Table 5. Definition of strength of evidence grades

Rating Definition

High We are very confident that the estimate of effect lies close to the true effect for this outcome.
The body of evidence has few or no deficiencies. We believe that the findings are stable, i.e.,
another study would not change the conclusions.

Moderate We are moderately confident that the estimate of effect lies close to the true effect for this
outcome. The body of evidence has some deficiencies. We believe that the findings are likely
to be stable, but some doubt remains.

Low We have limited confidence that the estimate of effect lies close to the true effect for this
outcome. The body of evidence has major or numerous deficiencies (or both). We believe that
additional evidence is needed before concluding either that the findings are stable or that the
estimate of effect is close to the true effect.

Insufficient We have no evidence, we are unable to estimate an effect, or we have no confidence in the
estimate of effect for this outcome. No evidence is available or the body of evidence has
unacceptable deficiencies, precluding reaching a conclusion.

Applicability

We assessed applicability across the KQs using the method described in the Methods
Guide.?29" In brief, we used the PICOTS format to organize information relevant to applicability.
The most important applicability concern is whether the outcomes observed for any individual
study, with its specific patient population and methods of implementing interventions, can be
confidently extrapolated to a broader context. Differences in intervention methods or study
population characteristics (e.g., age, comorbidities) can affect the rates of events observed in
both control and intervention groups, and may limit the generalizability of the findings. Specific
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criteria considered in applicability assessments are listed in Appendix B. We used these data to
evaluate applicability to clinical practice, paying special attention to study eligibility criteria,
demographic features of the enrolled population in comparison to the target population,
characteristics of the intervention used in comparison with care models currently in use, and
clinical relevance and timing of the outcome measures. We summarized issues of applicability
qualitatively.

Peer Review and Public Commentary

Experts in the fields of internal medicine, cardiovascular medicine, electrophysiology,
hematology, geriatric medicine, clinical trial and systematic review methodology, health services
research, and patient advocates were invited to provide external peer review of the draft report.
AHRQ, PCORI, and an associate editor also provided comments. In addition, the draft report
was posted on the AHRQ EHC Web site from February 5, 2018, to March 22, 2018, to elicit
public comment. We have addressed all reviewer comments and have documented our responses
in a disposition of comments report that will be made available 3 months after the Agency posts the
final systematic review on the EHC Web site. A list of peer reviewers submitting comments on
the draft report is provided in the front matter of this report.
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Results

Introduction

In what follows, we begin by describing the results of our literature searches. We then
provide a brief description of the included studies. The remainder of the chapter is organized by
Key Question (KQ). Under each of the three KQs, we begin by listing the key points of the
findings, followed by a brief description of included studies and a detailed synthesis of the
evidence. The detailed syntheses are organized first by risk stratification strategy or treatment
comparison and then by outcome. We conducted quantitative syntheses where possible, as
described in the Methods chapter.

Results of Literature Searches

Figure 2 depicts the flow of the 2018 search update through the literature search and
screening process. In this 2018 search of PubMed®, Embase®, and CDSR, we retrieved 11,274
additional unique citations. Manual searching of gray literature databases, bibliographies of key
articles, and information received through requests for scientific information packets identified
15 additional citations, for a total of 8,843 citations. After applying inclusion/exclusion criteria at
the title-and-abstract level, 1,522 full-text articles were retrieved and screened. Of these, 1,300
were excluded at the full-text screening stage, leaving 222 articles for data abstraction. In
addition to these new articles, we reviewed articles that were previously excluded in the 2013
Agency for Healthcare Research and Quality report for outcomes of interest. Out of the 190
articles excluded for outcomes or interventions from the 2013 report, we identified 2 studies
which now met our expanded inclusion criteria and therefore that could be added to this update
bringing the total to 224 articles for abstraction. These 224 articles described 122 unique studies.
The relationship of the studies identified as part of our 2018 search to the review questions is as
follows: 25 studies relevant to KQ 1, 18 studies relevant to KQ 2, and 92 studies relevant to KQ
3. When we merge these results with the includes from the 2013 report and consider duplicate
references and companion articles it totals to 320 articles representing 185 studies and is broken
down as follows: 61 studies relevant to KQ 1, 38 studies relevant to KQ 2, and 117 studies
relevant to KQ 3 (some studies were relevant to more than one KQ).

Appendix C provides a detailed listing of included articles. Appendix D provides a complete
list of articles excluded at the full-text screening stage, with reasons for exclusion. Appendix E
provides a “study key” table listing the primary and companion publications for the many study
groupings throughout this report.
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Figure 2. Literature flow diagram
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Description of Included Studies

Overall, we included 185 studies represented by 320 publications: 61 studies were relevant to
KQ 1, 38 studies to KQ 2, and 117 studies to KQ 3. In the 2018 update, we focused on studies
conducted in areas of the world where clinical practice are similar to practices in the United
States. Therefore, we excluded studies that were conducted exclusively in Asia, Africa, South
America, or the Middle East. Out of the 185 studies, there were 13 trials that conducted research
in multiple countries around the globe (7%). The rest of the studies were conducted in
continental Europe or United Kingdom (47%), the United States or Canada (45%), and
unspecified or other locations (1%). Further details on the studies included for each KQ are
provided in the relevant results sections, below, and in Appendix F.

We searched the ClinicalTrials.gov registry of clinical studies to identify completed but
unpublished studies as a mechanism for ascertaining publication bias. We acknowledge that this
IS not an exhaustive strategy, as several other registries also exist with differing geographical
focus and varying degrees of overlap in their trial listings; however, in the opinion of the
investigators, the widely used, U.S.-based ClinicalTrials.gov registry provided the most relevant
information to the populations and interventions of interest in this review. In the original report
(searching back to 2000) this search found 14 trial records for which we did not identify
publications. These were all considered potentially relevant to KQ 3. The 2018 updated search
(searching back to July 2012) yielded 146 additional trial records. A single reviewer identified
26 of these records as potentially relevant to this current review. Of those 26 records, 16 had
expected completion dates of 1 year or more prior to our search. From that group of 16 trials, we
identified publications for 6. The remaining 10 trial records for which we did not identify
publications were all considered potentially relevant to KQ 3. All but one of these studies are
observational. Given the large body of evidence already available for KQ3 (117 studies including
22 RCTys) this lessens the potential that there is significant publication bias in the evidence base
that would impact our overall conclusions for any of the Key Questions.
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Key Question 1. Predicting Thromboembolic Risk

KQ 1. In patients with nonvalvular atrial fibrillation, what are the
comparative diagnostic accuracy and impact on clinical decisionmaking
(diagnostic thinking, therapeutic efficacy, and patient outcome efficacy) of
available clinical and imaging tools and associated risk factors for
predicting thromboembolic risk?

Key Points

CHADS; score (continuous): Based on a meta-analysis of 14 studies (10 low risk of bias,
4 medium risk of bias, 761,128 patients), there is moderate SOE that the continuous
CHADS: score provides limited prediction of stroke events (c-statistic of 0.69; 95% ClI
0.66 to 0.73).

CHADS; score (categorical): Based on a meta-analysis of 16 studies (11 low risk of bias,
5 medium risk of bias, 548,464 patients), there is moderate SOE that the categorical
CHADS: score provides limited prediction of stroke events (c-statistic of 0.66; 95% ClI
0.63 to 0.69).

CHA2DS,-VASc (continuous): Based on a meta-analysis of 17 studies (13 low risk of
bias, 4 medium risk of bias; 511,481 patients), there is moderate SOE that the continuous
CHA:2DS,-VASc score provides limited prediction of stroke events (c-statistic of 0.67;
95% C10.64 to 0.70).

CHA:DS,-VASc (categorical): Based on a meta-analysis of 13 studies (8 low risk of bias,
5 medium risk of bias; 496,683 patients), there is low SOE that the categorical CHA2DS»-
VASc score provides limited prediction of stroke events (c-statistic of 0.64; 95% CI 0.58
to 0.70).

Framingham score (categorical): Based on a meta-analysis of 6 studies (5 low risk of
bias, 1 medium risk of bias; 282,572 patients), there is moderate SOE that the categorical
Framingham score provides limited prediction of stroke events (c-statistic of 0.63; 95%
C10.62 to 0.65).

ABC score (categorical): Based on a meta-analysis of 4 studies (4 low risk of bias,
25,614 patients), there is moderate SOE that the categorical ABC score provides limited
prediction of stroke events (c-statistic of 0.67; 95% CI1 0.63 to 0.71).

Echocardiography: There is insufficient evidence for the relationship between findings on
echocardiography (transthoracic) and subsequent stroke based on 5 studies (3 low risk of
bias, 2 medium risk of bias; 1,228 patients) that reported discrepant results.

Comparative accuracy: CHADS; and CHA>DS,-VASc have the most evidence predicting
stroke events accurately when directly compared with other scores. This finding was,
however, statistically significant only for the comparison with the Framingham
categorical score. Other comparisons were not possible given limited data.

Limitations: 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
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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.

e The outcome of impact on clinical decisionmaking (diagnostic thinking, therapeutic
efficacy, and patient outcome efficacy) was not assessed by any studies.

Description of Included Studies

In order to inform clinical decisionmaking regarding the net clinical benefit of
anticoagulation, we have focused this review on studies evaluating the risk scores most typically
utilized for prospective estimation of stroke risk in clinical settings.

Overall, 61 studies described in 83 publications investigated our included tools for
determining stroke risk in patients with nonvalvular AF and met the other inclusion criteria for
KQ 1.141623252698-174 The included studies explored tools in studies of diverse quality, design,
funding, and geographical location. Additional study characteristics can be reviewed in
Appendix Table F-1.

Forty-three included studies were of good quality or rated as low risk of bias,#16:23:25.26.98-
100,102,104,107,110,112,113,115,117,120-122,125-129,136,138,142,143,148-150,153,154,156,158,160-163,165-167,173 11 Of fair
quality or rated as medium risk of bias,101:111:119,132,139,144,146,147.151,157.174 anq 7 were of poor
quality or rated as high risk of bias,109116:130137.141159.164 gy djes with increased risk of bias had
potential limitations related to handling of missing data, length of follow up between groups,
blinding of outcomes assessors, whether confounders were assessed with reliable measures, and
whether potential outcomes were prespecified.

The studies covered broad geographical locations with 32 studies conducted in UK or
continental Europe,16,99,101,110-112,119,121,122,129,130,132,137,139,141-144,147-151,154,156-159,162,164,167,173 18
exclusively in the United StateS,14'98'100’102’104'107'109’116’117‘127’138’146‘160’161’163‘165’166‘174 3 studies
exclusively conducted in Canada,?81%153 and 7 multinational trials.162325113.115125126 There was
one study that did not report geographic location of enrollment.'®

Ten studies were supported solely by industry,?32526:102107.113,115,125,137.154 g ¢ty djes received
solely government support,14111,127-129.146,151,160 g sty djes were supported by non-government,
non-industry organizations,109116:139.156.157.163 15 stydies received funding from multiple sources
including government, industry, non-government and non-industry,16.101.104.110.117,120-
122,126,136,153,165,167,.173,174 angl 22 studies did not report funding or it was unclear.%®
100,112,119,130,132,138,141-144,147-150,158,159,161,162,164,166

We identified 52 studies using observational study design (prospective and retrospective
Cohorts)14,16,98—102,104,109—112,116,117,119,121,122,125,127—130,132,136—139,141—144,146—151,153,154,156—162,164,166,167,174
while 9 studies were identified as randomized controlled trials (RCTs).232526:107,113,115,120,126,163

Included studies often presented data for the categorical versions of stroke risk scores (i.e.,
risk score categorized in groupings of scores), though some also presented data for continuous
versions of the scores. When available, we present data for both categorical and continuous
scores. Included studies consistently presented results using stroke event rates (either stroke
events per 100 patient-years or percent of individuals experiencing a stroke event within the
followup period) and reported model discrimination/prediction using c-statistics. Measures of
calibration, strength of association, and measures of diagnostic accuracy were inconsistently
reported. The c-statistic, or area under the receiver operating characteristic curve, may not be
optimal in assessing models that predict future risk or stratify individuals into risk categories,!”
but it is a commonly reported statistic for characterizing a predictive model’s predictive abilities.
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Because studies included in this section generally used the c-statistic to characterize risk scores,
we have used it as a basis for comparing these scores within a given study population, while also
keeping in mind its limitations. A few studies presented other means for comparing bleeding risk
scores, such as net reclassification improvement (NRI), and we provide this information when
available. As a reminder, 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 prediction
adequate for genuine clinical utility.%

Detailed Synthesis

CHADS: Risk Tool

The CHADS: risk tool is calculated based on existence of the following clinical factors:
Congestive heart failure, Hypertension, Age >75, Diabetes mellitus, prior Stroke/transient
ischemic attack [2 points].1* The CHADS; score ranges from 0 to 6, with increasing scores
corresponding to increasing stroke risk, and is easy to calculate and apply in clinical practice. It
can be applied either as a continuous score (in full detail across the range) or by grouping
categorically in to different risk categories.

Twenty-nine studies directly compared CHADS: risk score and its predictive ability for
thromboembolic events (stroke or peripheral arterial, but excluding venous thrombus or
pulmonary embolism; Tables 6_8)'14,16,23,98,100,107,116-118,122,129,133,137,141-145,148-151,154,156-158,160,164,167
Twenty-two of the studies included patients on oral anticoagulant therapy.*98.100.107.116-
118,133,137,141,144,145,148-151,154,156-159,164 Qe study examined CHADS; risk and stroke outcomes
among patients undergoing coronary revascularization with PCI1,*® one study in patients after
surgical Maze procedure,'® one in elderly patients (mean age 74 years),'*° and one in
Mediterranean patients.>®

The use of CHADS: to predict stroke risk varied among the studies. Eight studies reported
CHADS; score and stroke outcomes by individual CHADS; score,1498:118,129,142,154,160.167 Fjght
studies investigated the classical CHADS: risk as categorical variables: low (CHADS>=0),
moderate (CHADS;=1-2), and high (CHADS,=3-6),16:23.107.117.148-150.164 Three studies examined
the revised CHADS; score classification as continuous variables,*?214:1%0 and five studies did not
report results by categorical or continuous CHADS; score,100:117:137.144151 The remaining studies
used varying categorical classifications.
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Table 6. Thromboembolic event rate results (%) by CHADS; score with patients on antiplatelet/anticoagulant therapy

Study Followup
Design No. of Outcome 0 1 2 3 4 5 6 period | Riskof
Categorical/ Patients Bias
Conti (Years)
ontinuous

98
Abraham, 2013 Annual % for stroke

5,981 or TIA (excludes 0.36 0.72 1.27 1.45 2.43 2.43 2.43 11.8 Low

Observational hemorrhagic stroke)

Continuous

Baruch, 2007207

RCT 7,329 Annual % stroke 0 0 1 2.3 2.3 2.3 2.3 15 Low
Categorical

Connolly, 2009%

RCT 18,113 Annual % stroke 0.93 0.93 1.22 2.44 2.44 2.44 2.44 2 Low
Categorical
Fang, 20087

. 10,932 Annual % stroke 0.39 2.0 2.0 2.42 2.42 2.42 2.42 6 Low
Observational
Categorical
Fanola, 201718 Annual % event

(composite of

ggﬁﬁmﬂf’s”a' 2,898 dlﬁ?gg[‘gﬂfg;"g%ége' 43 43 43 6.7 8.4 9.7 26.1 27 Low

and all-cause

mortality)
Gupta, 2016
Observational 971 Annual % stroke - - 2.05 1.14 2.35 5.11 5.11 25 Low
Categorical
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Study Followup
Design No. of . Risk of

Categorical/ Patients Outcome 0 1 2 3 4 5 6 (?(irzla?g) Bias

Continuous
Lip, 20133 Aspirin:

2,791
Observational Annual % stroke 1.41 1.41 3.05 5.0 5.0 5.0 5.0 1.1 Low
Categorical Apixaban
: 2,808

Lip, 2010
Observational 1,084 Annual % stroke 1.4 2.4 2.4 3.2 3.2 3.2 3.2 1 Low
Categorical
Morgan, 2009%%7
Observational 5,513 Annual % stroke 0.46 0.46 1.165 1.165 1.165 1.165 1.165 2.8 High
Categorical
Olesen, 2012143
Observational 47,576 Annual % stroke 1.28 3.61 — -- -- -- -- 12 Low
Categorical
Olesen, 2012144
Observational 87,202 Annual % stroke 1.28 - -- -- -- -- -- 12 Low
Categorical

Abbreviations: CHADS2=Congestive heart failure, Hypertension, Age >75, Diabetes mellitus, prior Stroke/transient ischemic attack (2 points); No.=number; TIA=transient
ischemic attack
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Table 7. Thromboembolic event rate results (%) by CHADS: score with patients off therapy

Study Followup
Design No. of . Risk of
Categorical/ Patients Outcome 0 L 2 s 4 5 6 (F\’((—:ér;cr)g) Bias
Continuous
Friberg, 201212
Observational 182,678 Annual % stroke 0.9 4.9 6.8 11.1 16.8 18.9 19.4 1.5 Low
Continuous
Gage, 2001
Observational 1,733 Annual % stroke 1.9 2.8 4.0 5.9 8.5 12.5 18.5 1.2 Low
Continuous
Larsen, 2012129
Observational 1,603 Annual % stroke 1.2 2.2 4.1 4.0 19.5 11.5 0.0 5.4 Low
Continous
Olesen, 201114 Annual % Event
. 73,538 | (Hospitaladmission |, 5, | 5 5g 5.4 9.89 13.7 | 1257 | 17.17 10 Low
Observational or death due to
Continuous thromboembolism)
Singer, 201360
Observational 10,927 Annual % stroke 0.36 1.20 2.59 3.72 6.19 4.23 10.84 2.4 Low
Continuous
van den Ham,
2015167
60,594 Annual % stroke 0.78 2.33 3.52 5.34 8.98 7.90 11.50 0.74 Low
Observational
Continuous

Abbreviations: CHADS2=Congestive heart failure, Hypertension, Age >75, Diabetes mellitus, prior Stroke/transient ischemic attack (2 points); No.=number
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Table 8. Thromboembolic event rate results (%) by CHADS; score with patients on mixed or unclear anticoagulant/antiplatelet therapy

Observational
Categorical

Study Followup
DeS|g_n NO.' of Qutcome 0 1 2 3 4 6 Period R'S.k of
Categorical/ Patients Bias
: (Years)
Continuous
Olesen, 2011
. 132,372 Annual % stroke 1.4 2.8 6.0 -- -- -- 12 High
Observational
Categorical
Olesen, 2012 0.23 (Age < 65)
Observational 6,438 Annual % stroke | 2.05 (Age 65-74) - - - - - 11 High
Categorical
3.99 (Age 275
Ruiz Ortiz, 20107
796 Annual % stroke 1.0 0.6 0.5 2.4 2.9 - 2.4 Low

Abbreviations: CHADS2=Congestive heart failure, Hypertension, Age >75, Diabetes mellitus, prior Stroke/transient ischemic attack (2 points); No.=number
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CHA:DS>-VASc Risk Tool

The CHA:DS>-VASc risk score is calculated based on the following clinical characteristics:
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 c