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EXECUTIVE SUMMARY

Mommer, Rachel. J. Stroke Reduction in Elderly Patients with Atrial Fibrillation
Through Utilization of an Anticoagulation Toolkit in the Primary Care Setting.
Unpublished Doctor of Nursing Practice capstone project, University of Northern
Colorado, 2017.

Patients, especially those older than 65-years-old, do not receive adequate
assessment or management of atrial fibrillation, resulting in higher ischemic stroke rates
and worse outcomes related to strokes. Oral anticoagulation is recommended indefinitely
for patients with atrial fibrillation and a moderate to high risk of stroke; yet this
population is not receiving oral anticoagulation consistently. Factors such as
overexaggerated bleeding risk in the elderly, the lack of head-to-head studies comparing
anticoagulants, cost, patient compliance, safety, lab monitoring, and reversal agents
convolute the process of prescribing anticoagulation for atrial fibrillation. Variations
exist with assessing bleeding risk and stroke risk for every patient through reliable tools
such as HAS-BLED and CHA2DS,-VASc scores, respectively, and translating these
scores into practice. Due to these inconsistencies and the lack of a comprehensive,
universal guideline for assessment and management of atrial fibrillation, this topic was
selected for a capstone project.

A retrospective chart review was completed on 100 patients to assess the current

practice of diagnosing atrial fibrillation and treating with anticoagulation in the primary

care setting. Through utilization of two rounds of the Delphi method, expert opinion, and



the recommendations of national and international guidelines, an evidence-based
anticoagulation toolkit was created and modified to guide primary care providers on
improving diagnosis of atrial fibrillation and enhanced initiation and maintenance of oral
anticoagulation to reduce the incidence of stroke in elderly patients with atrial fibrillation.
The Anticoagulation for Atrial Fibrillation Toolkit is a four-step, simplified guideline to
guide providers on improved diagnosis and treatment of AF; it is supported by four
algorithms: CHA2DS-VASc score, HAS-BLED score, comparison of anticoagulants, and
patient specific factors influencing selection of anticoagulant. Additionally, this toolkit
offers in one document a summary of additional information and resources for providers
to improve the overall management of atrial fibrillation. The chart reviews demonstrated
gaps between evidence and practice, predominantly a lack of utilization of CHA2DS,-
VASc and HAS-BLED scores to assess for stroke and bleeding risk, respectively, in
patients with atrial fibrillation, poor continued monitoring of AF in the primary care
setting, a disconnect between the treatment plan and providers, and the absence of
consistently diagnosing an irregular pulse as AF through an EKG.

Round 1 of the Delphi survey assessed providers’ comfort level and expertise
with prescribing anticoagulants and diagnosing and managing AF and Round 2 evaluated
the anticoagulation toolkit and how its incorporation could influence practice. Results
from Round 1 were utilized to revise the evidence-based anticoagulation toolkit; data
analysis concluded 70% consensus was achieved on at least 6 of the 10 questions. Even
without 70% consensus, the researcher incorporated provider expertise, suggestions, and
reguests into the anticoagulation toolkit. In Round 2, data analysis of greater than 70%

consensus suggested the Anticoagulation for Atrial Fibrillation Toolkit was evidence-



based, user-friendly, promoted safety and efficacy of anticoagulation, and could
positively impact practice; however, the toolkit was too extensive and lengthy.

A thorough evaluation concluded this capstone project successfully addressed the
following problem statement: In adult patients with atrial fibrillation older than 65 years
old and a moderate to high risk of stroke, how effective is an anticoagulation toolKit in
guiding primary care providers on (a) diagnosing atrial fibrillation and (b) initiating and
maintaining oral anticoagulation safely, to reduce the incidence of ischemic stroke? The
comprehensive literature review not only provided extensive background information on
atrial fibrillation and anticoagulation but also highlighted key references to first compare
evidence to practice (analyze patient chart reviews) and then utilize these identified gaps
to translate evidence into practice (create the anticoagulation toolkit). Furthermore, the
PARIHS framework and RE-AIM model evaluated the ability to effectively facilitate the
results from this research project into practice. Additionally, this capstone project met all
five criteria of the EC as PIE model, concluding this was a successful Doctor of Nursing
Practice capstone project. A future extension of this project suggests evaluation of
patient outcomes with AF, predominantly stroke incidence, subsequent to implementation

of this toolkit in the primary care setting.
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CHAPTER |

PROBLEM STATEMENT

Background and Significance of Project

Background

Atrial fibrillation (AF) is the most frequent cardiac arrhythmia, affecting
approximately 2.7 to 6.1 million people in the United States (Centers for Disease Control
and Prevention [CDC], 2015). The American Heart Association (AHA) in 2015 released
the alarming estimate of the incidence of this disease increasing to 5.6 to 12 million
people by the year 2050, influenced by the large aging population and its expanding
cardiovascular risk factors and comorbidities (Desai, EI-Chami, Leon, & Merchant,
2017). Atrial fibrillation is present in 0.5% of Americans less than 40 years old, 5% of
the population older than age 65, and 10% in persons 80 years of age or older (Desai et
al., 2017). Likewise, the American College of Cardiology (ACC; Doherty et al., 2017)
predicted AF prevalence in 18% of the population older than 85 years old. One in four
patients age 40 or older will develop atrial fibrillation with an estimated 16 million
Americans diagnosed with AF by 2050 (You et al., 2012). Internationally, stroke caused
by AF is most prevalent within the United States and Europe and least prevalent within
Latin America, revealing a higher incidence in persons older than 75 years old and

female. Globally, AF is predominantly diagnosed through a health history or captured on
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an electrocardiogram with few patients receiving cardiac monitoring post stroke to assess
for AF (Perera et al., 2016).

Negative Outcomes of Atrial
Fibrillation

Negative outcomes with AF are related to a decrease in cardiac output, resulting
in the symptoms experienced in patients as well as the formation of thrombi in the atria
and atrial appendages. Thrombi substantially increase the risk of strokes and
embolization in the periphery (Kumar, 2016b). Atrial fibrillation results in 750,000
hospitalizations annually and 130,000 deaths in the United States with death rates
increasing exponentially for the past 20 years. In Colorado alone, as many as 77.12 per
1,000 people ages 65 and older were hospitalized from 2007 to 2012 related to AF (CDC,
2015). Overall costs for this chronic disease are greater than $6 billion annually in the
United States with healthcare costs attributed solely to atrial fibrillation costing an extra
$8,705 per patient annually (CDC, 2015). According to the cost of clot model (Janssen,
2014d), in a hypothetical situation of 1,000 patients with AF at a high risk of stroke,
increasing prescription of anticoagulation by 10% would decrease the cost of strokes by
$258,554 and increase the cost of extracranial bleeds by $1,732 and intracranial bleeds by
$21,157, overall reducing healthcare costs by $235,666.

Stroke risk. The stroke rate increases four to five times with AF as well as the
severity of stroke complications as AF is the predominant cause of 15-20% of ischemic
strokes (CDC, 2015). Of significance, patients are unaware of the devastating effects of
AF; only 50% believe they are at risk for a stroke with AF with 43% voicing concerns of

developing heart disease as the predominant negative outcome of AF rather the 8% with



stroke. Approximately 86% of patients feel they can explain the definition a stroke but
only 61% correctly comprehend the disease implications (AHA, n.d.).

Women diagnosed with atrial fibrillation have a two-fold increased risk of
mortality compared to a 1.5-fold increased risk in men, predominantly as a cause of
stroke, sudden cardiac death, or heart failure. Furthermore, left ventricular dysfunction is
present in 20-30% of patients with atrial fibrillation. Atrial fibrillation is a contributing
factor to 20-30% of ischemic strokes. Quality of life is diminished with AF even when
cardiovascular components are removed as these patients suffer from increased
depression, brain white matter lesions, cognitive decline, and vascular dementia
compared to patients without AF. Resulting from the aforementioned complications with
AF, 10-40% of these patients are hospitalized annually. This diagnosis is financially
devastating for the economy, contributing to 1% of total healthcare costs within the
United Kingdom and $6.0-26.0 billion dollars in the United States in 2008 alone
(Kirchhof et al., 2016). Atrial fibrillation is correlated with a five-fold enhanced risk of
ischemic stroke with a 5% risk of stroke even in patients who are properly anticoagulated
(You et al, 2012).

Recommendations. To reduce unnecessary healthcare costs and hospitalizations
as well as improve quality of life, atrial fibrillation treatment focuses on stroke risk
minimization and symptom management. Guidelines and clinical recommendations for
atrial fibrillation treatment are vast; yet the elderly population is not adequately included
in research studies. The primary cause of thromboembolic stroke is atrial fibrillation,
demonstrating escalating prevalence and worse outcomes in correlation with increasing

age. In fact, the stroke risk with AF is heightened five-fold and is the culprit of 25% of
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strokes in the older population (Desai et al., 2017). The mortality rate is doubled with the
combination of ischemic strokes and atrial fibrillation and the neurological sequelae tend
to be more severe. The American College of Cardiology and American Heart Associated
have recommended atrial fibrillation patients with a CHA2DS>-VASc of 1 be treated
prophylactically with anticoagulation to prevent ischemic strokes; a systematic review of
evidence concluded all patients 65 years of age and older should be treated with
anticoagulation to prevent strokes regardless of risk factors (Desai et al., 2017).

Patients might require hospitalization for new onset atrial fibrillation, treatment
for heart failure or hypotension after rate or rhythm control, starting antiarrhythmic drugs,
symptomatic atrial fibrillation, or management of concurrent medical issues resulting in
arrhythmia such as infection, chronic obstructive pulmonary disease exacerbation,
hypertension, thyroid storm, or pulmonary embolism (Kumar, 2016b).

Classification of Recommendations and
Levels of Evidence

The American Heart Association (AHA) and American Stroke Association (ASA;
2016) evaluated the certainty of evidence-based recommendations upon the following
taxonomies: Level A evidence is obtained from numerous meta-analyses and randomized
clinical trials; Level B evidence is obtained from nonrandomized studies or one
randomized study; and Level C evidence is based upon expert opinion, case studies, or
standards of care. The treatment effect size is classified by the following: the benefits of
Class I evidence greatly outweigh the risks and treatment is recommended; the benefits of
Class Ila evidence outweigh the risks and with reason treatment should be implemented;
the benefits of Class Ilb evidence outweigh the risks and treatment may be implemented,;

and the harms of Class I11 (harm) or Class Il (no benefit) evidence outweigh the benefits



and treatment is not recommended. These classifications and recommendations of
evidence are illustrated in Figure 1 (January et al., 2014). These same criteria to evaluate
evidence are utilized by the European Society of Cardiology (ESC; Kirchhof et al., 2016)
and the Heart Rhythm Society (HRS; January et al., 2014). The American College of
Chest Physicians (CHEST) evaluates the quality of evidence as follows: Grade A
(strong), Grade B (moderate), and Grade C (low). The evidence quality is incorporated
into the overall recommendation for the evidence: Grade 1 (strong) and Grade 2 (weak;
Kearon, et al., 2016). The CHEST criteria to measure the quality of evidence is depicted

in Table 1.
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A recommendation with Level of Evidence B or C does not imply that the
recommendation is weak. Many important clinical questions addressed in the guidelines
do not lend themselves to clinical trials. Although randomized trials are unavailable,
there may be a very clear clinical consensus that a particular test or therapy is useful or
effective.

*Data available from clinical trials or registries about the usefulness/efficacy in different
subpopulations, such as sex, age, history of diabetes mellitus, history of prior myocardial
infarction, history of heart failure, and prior aspirin use.

tFor comparative-effectiveness recommendations (Class I and lla; Level of Evidence A
and B only), studies that support the use of comparator verbs should involve direct
comparisons of the treatments or strategies being evaluated

Figure 1. Classification of recommendations and levels of evidence.
Adapted from January et al. (2014, p. 2249). Copyright 2014 by the American Heart
Association Inc., the American College of Cardiology Foundation, and the Heart Rhythm
Society.



Table 1

American College of Chest Physicians Guideline Classifications for Evaluating the
Strength and Quality of Evidence

Classification Strength of Evidence
Grade 1 Strong
Grade 2 Weak

Quality of Evidence

Grade A High
Grade B Moderate
Grade C Low

Note. Adapted from Kearon et al. (2016). Copyright 2016 by The American College of
Chest Physicians.

Epidemiology

In 2010, an estimated 20.9 million men and 12.6 million women had atrial
fibrillation with higher rates evident in developed countries. Increasing incidence and
prevalence of atrial fibrillation are attributed to improved diagnosis of the disease as well
as rises in both the aging population and the following risk factors: heart failure, coronary
artery disease, hypertension, diabetes mellitus, chronic kidney disease, obesity, and
valvular heart disease. In Europe, the incidence of AF is one in four adults with an
estimated 120,000-215,000 new diagnoses by the year 2030 (Kirchhof et. al., 2016).

In the Framingham Heart Study of 5,209 subjects, a 10-year follow-up
demonstrated the mortality rate was higher in both men and women age 55- to 74-years-

old with atrial fibrillation (Kumar, 2016b). The incidence of AF is 9% in the elderly
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above 65-years-old compared to 2% in people less than 65-years-old. Atrial fibrillation is
more prevalent in older women of European heritage (CDC, 2015); however,
independent of age, the disease is generally more common in men (Kumar, 2016b). The
risk of death from AF in women is comparable to men; yet women exhibit more risk
factors to stroke than men (especially increasing age) regardless of anticoagulation status.
Furthermore, women tend to be more symptomatic with AF and utilize less rhythm
control treatment. Men and women both display similar bleeding risks from
anticoagulation (Class lla, Level of Evidence B; Kirchhof et al., 2016).

Risk Factors

Other than increasing age and sex, risk factors for AF include obesity, heart
failure, diabetes, chronic kidney disease, hyperthyroidism, alcohol abuse, and left
ventricular hypertrophy. Additionally, hypertension is a prevalent factor in the etiology
of 14 to 22% of atrial fibrillation patients (CDC, 2015) with coronary heart disease as
another predominant contributing factor to disease onset (Ganz & Spragg, 2016). The
strongest predictive factor of an ischemic stroke is a prior stroke or transient ischemic
attack (TIA) in addition to increasing age (65 years of age or older), diabetes mellitus,
sex (women), and hypertension. One-third of patients with AF have concurrent coronary
artery disease (You et al., 2012). Abnormal laboratory results increasing an AF patient’s
risk of stroke include labile international normalized ratio (INR) levels, low time in
therapeutic range (TTR) while on warfarin, anemia, prior hemorrhage, alcoholism,
chronic kidney disease, elevated N-terminal pro-B-type natriuretic peptide, and high
troponin T or I (Kirchhof et al., 2016). Post coronary artery bypass graft or cardiac valve

surgery also increase AF risk (Kumar, 2016b).



Clinical Manifestations

Atrial fibrillation can be asymptomatic, “silent” (Kirchhof et al., 2016), or can
present with the following clinical manifestations: heart palpitations, dizziness, fatigue,
shortness of breath (dyspnea), irregular heart rate, weakness, presyncope, chest pain
(CDC, 2015; Kumar, 2016b), difficulty sleeping, or psychosocial distress (Kirchhof et al.,
2016). Approximately 30% of AF patients present without symptoms; yet this population
demonstrates a higher CHA2DS,-VASc score and thus a higher risk of stroke. Of
significance, over 20% of people with silent AF are not diagnosed until after their first
stroke (Shahid, Shantsila, & Lip, 2016).

Classifications of Atrial Fibrillation

Atrial fibrillation can be paroxysmal (terminating in less than seven days
spontaneously or with electrical cardioversion or medications); persistent (episodes
lasting longer than seven days including those terminated through cardioversion); or
long-standing persistent (episodes lasting up to one year, often indefinitely despite
rhythm control; Kirchhof et al., 2016; Olshansky & Arora, 2016; Spragg & Kumar,
2017). Non-valvular atrial fibrillation (NVAF) includes patients with moderate to severe
mitral stenosis and/or a prosthetic heart valve (Guimaraes, Kaatz, & Lopes, 2015). Long-
standing persistent AF is synonymous with permanent AF according to other sources
(You et al., 2012) or can be classified as long-standing persistent if the arrhythmia is
controlled with a rhythm control strategy (Kirchhof et al., 2016). With paroxysmal AF,
the risk of stroke is smaller than with persistent or permanent AF (patients are typically
younger with less risk factors); yet the risk is enhanced with the conversion of AF back to

normal sinus rhythm (cardioversion; You et al., 2012).
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As a result of the heightened risk of stroke regardless of the classification of atrial
fibrillation, the same prevention strategies utilizing anticoagulation are recommended,
especially since only 1 of 12 paroxysmal AF occurrences are symptomatic (You et al.,
2012). In a patient with AF risk factors, the risk of stroke is comparable with a duration
of AF greater than one year, independent of the type of AF. Other data suggest patients
with permanent AF have a heightened risk of stroke and mortality (4.2%) compared to
paroxysmal AF (2.1%) and persistent AF (3.0%; Shahid et al., 2016).

Severity of Atrial Fibrillation Scale

The Severity of Atrial Fibrillation scale (SAF), adopted from the Canadian
Cardiovascular Society Severity of Atrial Fibrillation Scale (CCS-SAF), accurately
assesses patient symptoms, association of symptoms with atrial fibrillation, and the
patient’s functionality (quality of life) by assigning the patient a score of 0 (asymptomatic
Afib) to 4 (severe Afib; American College of Cardiology, 2012). The CCS-SAF has
proven validity in quantifying quality of life related to a diagnosis of AF (Dorian et al.,
2006, 2009). The SAF can be found within the Anticoagulation for Atrial Fibrillation
Toolkit in Appendix A. Approximately 25-40% of atrial fibrillation patients display mild
symptoms or are asymptomatic while 15-30% display severe symptoms. The ESC also
has a similar scale named Modified European Heart Rhythm Association (EHRA)
symptom scale to assess for AF symptom severity (Class I, Level of Evidence C;

Kirchhof et al., 2016).
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Genetics
Background
Research has suggested early-onset AF is heritable with one-third of these

patients exhibiting one or more of 14 genetic variants, better known as single nucleotide
polymorphisms (SNPs), which increase the risk of disease. The most well-known genetic
variant is the Pitx2 (paired-like homeodomain transcription factor 2) on chromosome
4925, increasing the risk of AF seven-fold. Carrying these genetic variants in the genome
has also been associated with an augmented risk of ischemic stroke. Theories on how
these genetic variants influence the onset of AF include atrial remodeling, penetration of
genetic defects, and transforming the action potential of the atrial cells (Shehab, Sperling,
Kegler, & Budnitz, 2010).

Clinical Pharmacogenetics Implementation
Consortium

As warfarin has a narrow therapeutic index and a vast inter-patient dosing
variability to achieve a therapeutic INR, four genetic variants have been identified that
contribute to 50% of the variability in warfarin dosing: CYP2C9, VKORCL1, CYP4F2,
and CYP2C cluster (rs12777823). In 2016 The Clinical Pharmacogenetics
Implementation Consortium (CPIC), part of the National Institute of Health’s
Pharmacogenomics Research Network, examined peer-reviewed genetic and medication
guidelines and updated the 2011 guideline on pharmacogenetics-guided warfarin dosing
(Johnson et al., 2017). Literature discovered negative sequelae from incorrect warfarin
dosages was one of the most common adverse drug effects reported to the Food and Drug
Administration (FDA; Johnson et. al., 2017), not to mention the cause of acute

hemorrhage in 2.5 per 1,000 emergency room visits (Shehab et al., 2010). Based upon
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this systematic review of data, CPIC recommended pharmacogenetic warfarin dosing
through an algorithm focusing on VKORC1 and CYP2C9 alleles and started loading
doses of warfarin based on genetic calculations and ancestry (Johnson et al., 2017).

The mechanism of action of warfarin is inhibition of the vitamin K epoxide
reductase complex; when administered, warfarin is a racemic mixture composed of S-
warfarin (more potent) and R-warfarin (less potent). Gene CYP2C9 is an enzyme within
the cytochrome P450 family and metabolizes S-warfarin. The normal allele, CYP2C9*1,
results in normal metabolism of S-warfarin. In patients with alleles CYP2C9*2 and
CYP2C9*3, the metabolism of S-warfarin is decreased; thus, these patients display an
increased risk of bleeding while on warfarin and should be prescribed a lower dose.
Alleles CYP2C9*5, *6, *8, and *11 are more common in African Americans and are
more prominent in the general population, also influencing the dosing variability of
warfarin (Johnson et al., 2017). The VKORCI1 allele encodes the vitamin K epoxide
reductase protein, inducing the change from vitamin-K epoxidase to vitamin K. The
genetic variant VKORC1 ¢-1639G>A is responsible for warfarin sensitivity and suggests
a lower dose of warfarin is needed compared to the variant 1639G/G. The VKORC1
genetic variant influences the dosing of warfarin amongst those of Asian, Caucasian, and
African American ancestry (Johnson et al., 2017).

Benefits and Risks of Pharmacogenetic
Testing for Warfarin

Benefits of pharmacogenetic warfarin testing include reaching a stable INR within
a shorter time frame and more consistently, which could potentially decrease the risk of
hemorrhage from inappropriate warfarin dosing and the risk of thromboembolism. Risks

of this genetic testing include calculation of the wrong dose of warfarin based upon these



13
recommendations and calculating the incorrect genotype, which is a permanent
component of the patient’s medical record, especially if not following recommendations
specific to ancestry. The cost-benefit ratio of warfarin genetic testing is controversial as
stable international normalized ratios (INRS) can reduce costs related to INR testing itself
and decrease negative sequalae of poorly managed warfarin dosing; yet the majority of
insurance companies do not cover the costs of this testing. Furthermore, randomized
clinical trials of CYP2C9 and VKORCL1 alleles have not demonstrated reliable results and
do not support the definitive benefits of genetic warfarin testing (Johnson et al., 2017).
Consensus of Major Organization

According to the CDC (2016a), routine pharmacogenomic screening of genetic
variants CYP2C9 and VKORC1 to prevent myocardial infarctions, venous thrombosis,
pulmonary embolism, or thromboembolic events related to AF or valve replacements is
ranked a Tier 2. More specifically, to obtain a Tier 2 recommendation, an FDA label
indicates genetic biomarkers. The clinical practice guideline supports the use of this
genetic test but does not include a systematic review; refuting evidence is available but
the use of this test is still encouraged. Conversely, only a systematic review recommends
the use of this genetic test or discovers inadequate evidence but still suggests use of this
test. For a Tier 2, the clinical practice guideline addresses individualized medication
dosing for the patient yet does not indicate specific genetic testing (CDC, 2016b).

The Centers for Medicaid and Medicare Services (CMS; 2009) covered this test
for eligible patients based upon evidence. More specifically, for CMS to cover
pharmacogenetic testing for warfarin, the patient must meet the following criteria: (a) no

prior genetic testing of markers CYP2C9 and VKORCL alleles, (b) the patient has been
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administered less than five days of warfarin, and (c) the patient is currently participating
in a prospective, randomized, controlled clinical study for warfarin response and patient
outcomes. Unless the aforementioned measures are met, CMS does not routinely
recommend screening Medicare patients for pharmacogenomic testing for warfarin. In
the presence of familial AF with multiple generations involved, genetic counseling and
testing is an option (Class Ilb, Level of Evidence C; January et al., 2014).

A systematic literature review of genetic variants for warfarin, specifically
VKORC1 and CYP2C9, concluded all patients with a bleeding event while on warfarin
should be tested within two weeks for VKORC1, CYP2C9*2 and CYP2C9*3 alleles
including the pediatric population. Additional recommendations for pharmacogenomic
testing while on warfarin include difficulties obtaining therapeutic INRs or adverse drug
events while on warfarin. Evidence endorsed utilization of a specific pharmacogenetic
dosing algorithm to accurately analyze the genotypes (Shaw et al., 2015). According to
the ESC, genetic testing for warfarin is not recommended as evidence has failed to
demonstrate an influence on time in therapeutic regimen or decreased bleeding risk
(Class 11, Level B; Kirchhof et al., 2016).

Pathophysiology

With AF, the two upper heart chambers called atria beat irregularly, affecting the
blood flow down to the two ventricles (CDC, 2015). The rate of blood flow decreases
and allows blood to pool within the atria, enhancing the risk of thrombi (blood clots) and
thus stroke if a clot is expelled into the bloodstream and reaches the brain (AHA, n.d.).
Regarding the mechanism, a trigger, predominantly rapid firing from the pulmonary

veins, results in atrial fibrillation. Other triggers include reentry circuits, atrial stretch,
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inflammation, dilatation, fibrosis, repolarization abnormalities, autonomic imbalance, and
conduction disturbances. Early in the disease process, the atrium is fully functioning and
can spontaneously return to sinus rhythm more easily. Persistent AF occurs from cardiac
remodeling (electrical and structural) over time, inhibiting the ability of the fibrillation to
resolve spontaneously. Thus, paroxysmal AF often precedes persistent atrial fibrillation
(Olshansky & Arora, 2016). The complex and poorly understood mechanism of Afib is
summarized in Figure 2. Predominant mechanisms for ectopy and conduction
disturbances in the atria, which ultimately result in atrial fibrillation, include calcium
instability, ischemia, vascular remodeling, atrial fibrosis, hypocontractility, fatty
infiltration, and inflammation (Kirchhof et al., 2016).

Risk factors for AF such as hypertension and diabetes contribute to atrial
remodeling in the heart, ultimately resulting in fibrosis. This fibrosis contributes to
changes in atrial electrical conduction pathways to a reentry circuit, which further
potentiates the risk of arrhythmias such as atrial fibrillation. Research suggested
prevention of cardiac remodeling could minimize the onset of AF (Shahid et al., 2016).
The increased risk of blood clot or thrombus (prothrombotic) resulted not only from the
irregular rhythm associated with AF but also the remodeling in predominantly the left
atrial appendage. Even brief periods of AF could contribute to stroke as this irregular
rhythm harms the atrial heart muscle (myocardium), releasing inflammatory factors
within the endothelium that accumulate platelets at the site of injury and increase the risk
of thrombosis. Furthermore, with atrial remodeling, changes in the calcium balance
within cells influences the heart rate variability (autonomic tone) and thus precipitates AF

(Shahid et al., 2016).
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Figure 2. Mechanisms of atrial fibrillation. Adapted from Olshansky and Arora (2016).

History and Comparison of Anticoagulation

Derived in 1930, subcutaneous unfractionated heparin was the first anticoagulant

(Bayer HealthCare, 2010). Other than the route of administration through injection,

additional concerns with this anticoagulant included the risk of heparin-induced

thrombocytopenia (HIT) and osteopenia. In the 1940s, vitamin K antagonists warfarin

and acenocoumarol were released to the market (Bayer HealthCare, 2010). Prior to this

time, the natural form of warfarin, dicumarol, was noted to cause hemorrhages in cattle in

the 1920s and warfarin was used as rat poison in the 1950s (Williams, Riley, & Tidwell,

n.d.). Inthe 1980s, injectable low molecular weight heparins were created; this drug does
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not require the lab monitoring needed for unfractionated heparin and has a decreased risk
of HIT yet should be used cautiously in patients with renal insufficiency. The first oral
direct thrombin inhibitor, ximelagatran was released in Europe in the 1990s yet was
removed from the market due to liver impairment. In the 2000s, the first injectable factor
Xa inhibitor, fondaparinux, was released on the market. The next direct thrombin
inhibitor, dabigatran, was released in Europe in 2006 (Bayer HealthCare, 2010).
Rivaroxaban, the first oral direct factor Xa inhibitor, was released on the market in 2008
(Drugs.com, 2015b), followed by apixaban in 2012 (Drugs.com, 2016), and Edoxaban in
2015 (Daiichi Sankyo, 2015). A new factor Xa inhibitor, Betrixaban (Beyvxxa®©), is
currently under study, demonstrating a longer half-life and reduced effects on renal
excretion and hepatic metabolism compared to other non-vitamin K oral anticoagulants
(NOACsS) on the market (Hu, Vaidya, & Asirvatham, 2016). The first reversal drug for
dabigatran, idarucizumab, was released in 2015 (Boehringer Ingelheim, 2015b).
Currently, no specific reversal agents for the factor Xa inhibitors have been approved for
use; yet andexant alpha (a factor Xa inhibitor antidote) and ciraparantag (a universal
NOAC reversal agent) are currently in the development stages. The mechanism of how
the parenteral and oral anticoagulants alter the coagulation cascade is depicted in Figure

3.
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Figure 3. Coagulation cascade and the effects of oral anticoagulants.

Note. Vitamin K antagonists, such as warfarin, inhibit factors 11, VII, IX, and X.
Dabigatran directly inhibits factor Ila (thrombin). Apixaban, betrixaban, edoxaban, and
rivaroxaban inhibit factor Xa. Abbreviation: TF, tissue factor. Adapted from Makaryus,
Halperin, and Lau (2013). Copyright 2013, Macmillan Publishers Limited.

Prevention of Stroke Through Anticoagulation
The consensus of guidelines for atrial fibrillation suggests patients with risk
factors for stroke should be given the opportunity to start oral anticoagulants for
thromboprophylaxis unless they are low risk or have other contraindications (Shahid et
al., 2016). Oral anticoagulation is recommended indefinitely to prevent
thromboembolism in patients with atrial fibrillation and a moderate to high risk of stroke

(Wigle, Hein, Bloomfield, Tubbe, & Doherty, 2013). Oral anticoagulation through
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vitamin K antagonists (VKAs) or NOACSs has demonstrated a reduction in overall
mortality in patients with atrial fibrillation, predominantly strokes (Kirchhof et al., 2016).
By increasing anticoagulant prophylaxis in 10% of 1,000 high-risk patients with atrial
fibrillation, the stroke rate could be reduced by 8.4% as 33% of patients with low
bleeding risk and high stroke risk are not treated appropriately with anticoagulation
(Janssen Pharmaceuticals, 2014d). Newer studies are using the term direct oral
anticoagulants (DOACs; Samuelson, Cuker, Siegal, Crowther, & Garcia, 2017); thus,
DOAC and NOAC are used interchangeably in this paper.

Warfarin reduces stroke risk by two-thirds compared to aspirin or no
anticoagulation. Limitations of warfarin include the narrow therapeutic index, multiple
drug interactions, and frequent lab monitoring of INRs requiring dose adjustments. If
warfarin requires temporary interruption, bridging with unfractionated heparin or low
molecular weight heparin is initiated to decrease stroke risk in the interim (Class I, Level
of Evidence C; January et al., 2014). In comparison, the effects of NOACs are
predictable without necessitating lab monitoring. None of the NOACs (apixaban,
edoxaban, rivaroxaban, or dabigatran) thus far have demonstrated safety for use with
valvular AF (mitral stenosis) or artificial valves (Class 111 Harm, Level of Evidence B or
C; Kirchhof et al., 2016).

Ischemic stroke can be the initial manifestation of atrial fibrillation in patients,
occurring predominantly as an embolus from the left atrial appendage. In patients with
AF, ischemic stroke severity tends to be more severe including longer durations of
transient ischemic attacks (T1As) because of larger emboli. Even with anticoagulant

prophylaxis, strokes of lesser severity can still occur in patients with AF. Chronic
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anticoagulation through warfarin or an NOAC (Dabigatran, Rivaroxaban, Apixaban or
Edoxaban) displays the best efficacy in the long-term prevention of stroke and recurrent
stroke in patients with nonvalvular atrial fibrillation (Manning, 2016). The annual risk of
stroke in patients with AF is ~1.5%, with a death rate of 3% even in anticoagulated
patients, attributed to either stroke, heart failure, or sudden cardiac death (Kirchhof et al.,
2016). Anticoagulants have demonstrated a 70% decreased risk of systemic embolism in
non-valvular AF patients; yet the risk of bleeding risk must be considered when
prescribing these medications (Manning, Singer, & Lip, 2016). However, without risk
factors, prophylaxis with anticoagulants or antiplatelets is contraindicated (Class I11
Harm, Level of Evidence B; Kirchhof et al., 2016).

Assessing Stroke and Bleeding Risk

Stroke Risk

Evaluating for stroke risk with nonvalvular (nonrheumatic) AF is evaluated
through the CHADS; or CHA>2DS,VASc scoring tools. The CHADSz tool is
recommended by the chest guidelines through validation of evidence and ease of use
(You et al., 2012). The CHA2DS,VASctool is recommended by the ESC (Class I, Level
of Evidence A; Kirchhof et al., 2016); AHA/ACC/HRS (Class |, Level of Evidence B;
January et al., 2014); and the ASA (Meschia et al., 2014) to assess stroke risk and
necessity of anticoagulation with AF. The CHA2DS2VASc tool is recommended over the
CHADS:; to assess for stroke risk as the former highlights more risk factors and
demonstrates a better ability to predict patients with low, moderate, or high stroke risks.
More specifically, the CHADS: does not always accurately predict if a patient is at low

stroke risk, thus increasing the incidence of thromboembolism in AF patients who do not
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receive anticoagulation. Risk stratifying patients with atrial fibrillation is essential as
only 70% of patients necessitating oral anticoagulation receive this treatment.
Furthermore, in high-risk patients with AF who suffered from a stroke, 29% were not
prescribed any anticoagulation, 31% were prescribed antiplatelets, and 39% were
prescribed warfarin, yet only 10% had therapeutic INR levels. Prescribing
anticoagulation adequately for AF patients is a predominant means to decrease stroke risk
in this population (Lane & Lip, 2012). Interpretation of CHADS; and CHA2:DS>VVASc
scoring is explained within the Anticoagulation for Atrial Fibrillation Toolkit in
Appendix A.

CHADS: or CHA2DS2VASc score of zero. Vitamin K antagonists (VKAS) have
been proven to decrease all-cause mortality with atrial fibrillation diagnoses except in
patients at low risk of stroke (CHADS; score of 0) attributed to the increased risk of
intracranial bleeds from anticoagulation. Thus, treating patients with a CHADS: score of
0 with aspirin for one year could decrease two nonfatal strokes in a population of 1,000
people with the caveat of three extracranial bleeds. More specifically, monotherapy with
aspirin could decrease the risk of stroke by 21% compared to no treatment; yet the risk of
bleeding increases by 50-60%. Treatment with a VKA could decrease the risk of stroke
by one-half compared to aspirin, yet increases the bleeding risk by 50% (2.5-fold
increased risk; You et al., 2012). In nonvalvular AF (NVAF) and a CHA2DS>2VASc
score of 0, anticoagulation is not recommended (Class lla, Level of Evidence C [January
et al., 2014; Manning et al., 2016]; Class lla, Level of Evidence B--Meschia et al., 2014).
The American College of Chest Physicians (CHEST guidelines) made the same

recommendation of no treatment with a CHADS: score of 0 (Grade 2B), proposing
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aspirin (Grade 2B) or aspirin with clopidogrel (Grade 2B) if the patient requested
anticoagulation for AF (You et al., 2012). In patients desiring an oral anticoagulant for a
CHA:DS»-VASc score of 0 but with a high risk of bleeding, apixaban and dabigatran are
suitable options. Consensus suggests aspirin is not recommended to prevent stroke in
patients with atrial fibrillation (Lane & Lip, 2012).

CHADS:2 or CHA2DS2VASc score of one. The CHEST guidelines
recommended oral anticoagulation with a CHADS:; score of 1 (Grade 1B), proposing the
combination of aspirin and clopidogrel if the patient is unable to take oral anticoagulation
(Grade 2B; You et al., 2012). Dual treatment with aspirin and clopidogrel demonstrates
an increased risk of bleeding 1.5-2 times compared to warfarin (You et al., 2012). With a
CHA:DS,-VASc score of 1, dabigatran, rivaroxaban, and apixaban have demonstrated
superiority to warfarin with no increased bleeding risk (Lane & Lip, 2012). With
nonvalvular AF, a low risk for bleeding, and a CHA>DS,VASc score of 1, multiple
treatment options are appropriate depending on patient preference including no
anticoagulant, aspirin, or an oral anticoagulant (Class Ilb, Level of Evidence C--January
et al., 2014; Class Ilb, Level of Evidence C--Meschia et al., 2014). Anticoagulant
therapy for a CHA2DS>VASc score of 1 is generally prescribed based on clinical
judgment, with age 65-74 years old, hypertension, and diabetes as more significant risk
factors contributing to disease onset compared to female sex and vascular disease
(Manning et al., 2016).

CHADS: or CHA2DS2VASc sc