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Anticoagulation for Atrial Fibrillation
A Review of Current Literature and Views
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ZAbstract: Atrial fibrillation is a common supraventricular tachyarrhythmia

with uncoordinated atrial activation and ineffective atrial contraction. This
Zleads to an increased risk of atrial thrombi, most commonly in the left atrial
gappendage, and increased risks of embolic strokes and/or peripheral throm-
gboembolism. It is associated with significant morbidity and mortality. To meet
%the concerns of thrombi and stroke, anticoagulation has been the mainstay for
g_prevention and treatment thereof. Historically, anticoagulation involved the
§use of aspirin or vitamin K antagonists, mainly warfarin. Since early 2010s,
‘=direct oral anticoagulants (DOACs) including dabigatran, rivaroxaban, apixa-

;_S_ban, and edoxaban have been introduced and approved for anticoagulation

Zof atrial fibrillation. DOACs demonstrated a dramatic reduction in the rate

Zof intracranial hemorrhage as compared to warfarin, and offer the advantages of
Zabsolution of monitoring therefore avoid the risk of hemorrhages in the con-
%text of narrow therapeutic window and under-treatment characteristic of war-
@farin, particularly in high-risk patients. One major concern and disadvantage
Zfor DOACs was lack of reversal agents, which have largely been ameliorated

,%':by the approval of Idarucizumab for dabigatran and Andexanet alfa for both
rgnapixaban and rivaroxaban, with Ciraparantag as a universal reversal agent
2for all DOACs undergoing Fast-Track Review from FDA. In this article, we
gwill be providing a broad review of anticoagulation for atrial fibrillation with
&a focus on risk stratification schemes and anticoagulation agents (warfarin,

zaspirin, DOACS) including special clinical considerations.
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Atrial fibrillation (AF) is a common supraventricular tachyar-
rhythmia with uncoordinated atrial activation and ineffective
atrial contraction. It is multifactorial in etiology and can have a broad
spectrum of symptoms including fatigue, palpitations, dyspnea,
lightheadedness, syncope, or exertional intolerance. The prevalence
of AF increases with advancing age with a prevalence of 1% in peo-
ple less than 60 years of age and 12% in people aged 75-84 years.!
AF contributes to significant morbidity and mortality with frequent
hospitalizations, hemodynamic abnormalities, and thromboembolic
events; with an estimate of more than 99,000 deaths per year and
total hospitalizations greater than 467,000 annually.>® AF is associ-
ated with a fivefold increased risk of stroke,* threefold risk of heart
failure,”” and twofold risk of dementia and mortality.*® This in turn
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results in an increase of about 26 billion dollars to the United States
healthcare expenditure annually and an estimate of adding a dif-
ferential of $8,700 per year for AF patients as compared to non-AF
patients.>?

AF is commonly diagnosed on electrocardiogram with irreg-
ular R-R intervals and absence of distinct repeating P waves with
irregular rapid atrial activity. It often occurs because of structural
and/or electrophysiological abnormalities that alter atrial tissue to
promote abnormal impulse formation and propagation. This leads to
an increased risk of atrial thrombi, most commonly in the left atrial
appendage, and increased risks of stroke and/or peripheral throm-
boembolism.” To mitigate the risk of thrombi and stroke, anticoagu-
lation has been the mainstay for prevention and treatment thereof.
Historically, anticoagulation involved use of aspirin or vitamin K
antagonists (VKA), mainly warfarin.'” Warfarin has proven to be a
clinically challenging treatment modality given the requirement for
close monitoring of International Normalized Ratio (INR) and risk
of major bleeding such as intracranial hemorrhage. Anticoagulation
has been associated with nearly doubling in relative rate of intracra-
nial hemorrhage (0.46% vs 0.23%) but in the context of low absolute
risk of intracranial hemorrhage.!!

VKA has been largely supplanted with direct oral anticoagu-
lants (DOAC) for stroke reduction in patients with nonvalvular AF.
Oral anticoagulants such as dabigatran, rivaroxaban, apixaban, and
edoxaban were noninferior to VKA.'? DOACs had dramatic reduction
in rate of intracranial hemorrhage as compared to VKA,"*"'5 and do
not require intermittent monitoring to avoid the risk of hemorrhages
in the context of narrow therapeutic window, particularly in high-risk
patients.'® Several guidelines have been published that specifically
address the use of DOACSs in patients with nonvalvular AF."""

Risk stratification schemes were developed to help guide anti-
coagulation strategies. The CHADS, risk scheme was based on risk
factors of heart failure, hypertension, age, diabetes mellitus, and prior
stroke. It provided a modest predictive value for stroke and throm-
boembolism with categories of either low-, moderate-, or high-risk
patients. The CHA DS -VASc scheme was subsequently developed
and added risk factors of vascular disease and sex with more focus on
the age risk factor. In a study of 80,000 AF patients, CHA,DS -VASc
performed similarly compared to CHADS, in predicting thrombo-
embolism and identified patients who are truly at low risk and avoid
stratifying into the intermediate/moderate risk category.?® Other risk
scheme have also been introduced but less commonly utilized includ-
ing CHA,DS,-VASc-R (R as African American), R, (creatinine)-
CHADS,, and ATRIA stroke risk score.”'>* A summary of different
risk stratification models is provided in Table 1. On the contrary,
bleeding risk schemes were developed to help balance the benefits
and risks of anticoagulation. Initially HEMORRHAGES was com-
monly used until the HAS-BLED score became more popular with
its similar performance and less complicated use.?*?

In this article, we will be providing a broad review of antico-
agulation for AF with a focus on risk stratification schemes and anti-
coagulation agents (warfarin, aspirin, and DOACSs) including special
considerations of clinical importance.
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TABLE 1. Stroke Risk Assessment Tools
Prior Stroke or Chronic
Heart Systemic Vascular Kidney African
Failure Hypertension Age Diabetes Embolism Disease Female Disease Proteinuria American

-CHADS, 1 1 1 (275 years) 1 2 n/a n/a n/a n/a n/a
%CHAZDSZ-VASC 1 1 1 (6574 years) 1 2 1 1 n/a n/a n/a
8 2 (275 years)
[v]
§CHA2DSZ- 1 1 1 (6574 years) 1 2 1 1 n/a n/a 1
S VAScR
2 2 (275 years)
ZR, -CHADS, 1 1 1 (275 years) 1 2 n/a n/a 2 (eGFR n/a n/a
2 <60)
%ATRIA 1 1 0-6 (no prior stroke) 1 n/a n/a 1 1 (eGFR 1 n/a
g 7-9 (with prior stroke) E ;1§D0;
5\) eGFR indicates estimated glomerular filtration rate; ESRD, end-stage renal disease.
&
o
%_ VITAMIN K INHIBITORS as green leafy vegetables consumption can create significant fluctua-
g Nonrheumatic AF is one of the most common cardiac mala-  tions in the INR.*

Zdies affecting people across the globe. Until 2010, choice of antico-
g agulation had been limited to VKA, namely warfarin, and antiplatelet
Zagents such as aspirin.? While the latter has not proven benefit in
Sreducing the number of cerebrovascular events, warfarin remains
an established treatment for prevention of ischemic stroke.”” How-
Zever, it is not without significant drawbacks, including the need for
Sconsistent medical follow up and monitoring to maintain a narrow
Stherapeutic window as well as multiple food and drug interactions
2due to its metabolism via the Cytochrome P450 enzyme system. The
gbeneﬁts of the medication are proportional to the patient’s time spent
Swithin the therapeutic range (TTR) of INR of 2.0-3.0 in most clini-
cal scenarios and higher goals with special considerations.?® Warfa-
rin has consistently shown to decrease the risk of stroke in patients
with AF (a 68% reduction in risk).?® This benefit is also extended to
elderly patients over 70 years of age.”’

Coagulation factors II, VII, IX, X, Protein C and S are syn-
thesized in the liver. Reduced vitamin K (hydroquinone) donates a
pair of electrons to facilitate the enzymatic carboxylation (activation)
of these factors and itself is oxidized to an inactivated form (qui-
none). Quinone is reactivated by vitamin K epoxide reductase com-
plex 1 (VKORCT1) by receiving a pair of electrons from nicotinamide
adenine dinucleotide (NADH) and return to hydroquinone. Warfarin
functions by competitively antagonizing VKORCI, thus preventing
the recycle of the active (reduced) form of the vitamin K and activa-
tion of vitamin K-dependent clotting factors.>® Changes INR can be
seen as early as 24 hours and the medication lasts for 2—5 days. It is
metabolized in the hepatic system and is subject to the Cytochrome
P450 system, primarily by CYP2C9.%!

Due to the differing half-lives of the various clotting factors,
warfarin initially has a pro-thrombotic effect, by blocking proteins
C and S, followed by a delayed antithrombotic effect, through the
inhibition of coagulation factors II, VII, IX, and X.3? Due to the ini-
tial procoagulant effect of VKA, they often require “bridging” or the
administration of a rapid-acting parental anticoagulation agent in the
first few days of use. Bridging can be discontinued once therapeutic
level of warfarin is reached. A full review of bridging will not be
discussed in this review.

Warfarin is taken orally, usually at a starting dose of 5-10mg
daily. INR is monitored over the course of days and doses are adjusted
based on this serum monitoring. Warfarin is primarily metabolized
through the P450 system.!® Induction or inhibition of the isoenzymes
involved with warfarin’s metabolism can potentially increase the INR
significantly.** Furthermore, alterations in vitamin K-rich food such

OHJS
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Hemorrhage is the most significant adverse effect associ-
ated with warfarin and is directly related to the level of INR; the
risk of hemorrhage is increased if the INR is greater than 5.3 Risk
factors for warfarin-related hemorrhage include advanced age, seri-
ous comorbid conditions including cancer, chronic kidney disease
(CKD), liver dysfunction, hypertension, prior stroke, alcohol abuse,
and the concomitant use of antiplatelet or other drugs.*® In the event
of hemorrhage, the anticoagulant effects of warfarin can be reversed
with the administration of vitamin K, fresh frozen plasma (FFP),
or prothrombin complex concentrates.?*** In addition, recombinant
factor Vlla (rfVIla) has been suggested as a possible reversal agent.
While the use of rfVIla has been demonstrated to provide a rapid
reduction in the INR, its use is not associated with improved clinical
outcomes.**¥’ It has been estimated that more than 65,000 patients
are treated in U.S. emergency departments annually for warfarin-
related hemorrhage.®

The Copenhagen AFASAK Study enrolled 1,007 outpatients
with chronic nonrheumatic AF and compared 3 treatment groups:
warfarin, aspirin, and placebo.?” After 2-year follow up, a primary
endpoint of a composite of stroke, transient ischemic attack, or
embolic complications to peripheral vasculature was significantly
lower in the warfarin (1.4%) compared with the aspirin (6.0%) and
placebo groups (6.3%). However, there was a significantly higher
incidence of nonfatal bleeding complications in the warfarin group
(6.3%) compared with aspirin (0.6%) or placebo (0).

The Stroke Prevention in Atrial Fibrillation (SPAF) study
directly compared warfarin, aspirin, and placebo in the preven-
tion of stroke in AF patients.* It showed that warfarin [relative risk
reduction (RRR) = 0.67; 95% (confidence interval) CI: 0.27-0.85;
P =0.01] and aspirin (RRR = 0.42; 95% CI: 0.09-0.63; P = 0.02)
were both effective in reducing ischemic stroke and systemic emboli
in patients with AF and warfarin appears to have a stronger effect.
This study was terminated early due to achievement of primary effi-
cacy endpoint, however, underpowered due to low number of throm-
boembolic events.

In the SPAF-II trial, researchers assessed the effectiveness
of warfarin (prothrombin time ratio 1.3—1.8) compared to aspirin
(325 mg daily) and explored the differential effects of the 2 treatments
according to age. The study compared warfarin with aspirin for pre-
vention of ischemic stroke and systemic embolism in 2 parallel ran-
domized trials involving 2 cohorts: age < 75 years (715 patients)
versus age > 75 years (385 patients). In the younger subset of patients,
warfarin decreased the absolute rate of primary events by 0.7% per

© 2022 Wolters Kluwer Health, Inc. All rights reserved.
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year [relative risk (RR) =0.67, 95% CI: 0.4-1.7, P = 0.24], compared
to the older patients in the study, in which warfarin decreased the
absolute rate of primary events by 1.2% per year (RR = 0.73, 95%
CI: 1.74.1, P = 0.39). Younger patients without risk factors had a
low rate of stroke when treated with aspirin. In older patients, the
rate of stroke (ischemic and hemorrhagic) was substantial (4.8% vs
3.6%), irrespective of which agent was given.'”

Given many studies had shown benefits of warfarin in the
revention of thromboembolic events in AE, monitoring INRs while
n warfarin had been studied to find effective ranges of anticoagu-
ation. Studies have indicated the risk of hemorrhage rises rapidly
at INR > 4.0-5.0.* One study demonstrates the optimum goal for
nticoagulant therapy should be to maintain INR between 2.0 and
.0 compared with INR < 2.0. One study agrees and reports that anti-
coagulation resulting in an INR of 2.0 or greater reduces both the
incidence of ischemic stroke as well as the risk of death from stroke
compared to INRs < 1.5 and 1.5-1.9.% Similar findings were also
seen in the European Atrial Fibrillation Trial Study Group that looked
optimal oral anticoagulant therapy in patients with nonrheumatic
F and recent cerebral ischemia. This trial also concluded that the
rget value for the INR should be set at 3.0, and values below 2.0 and
above 5.0 should be avoided.*! According to the current guidelines,
most patients with AF should maintain an INR of 2.0-3.0 with the
exception for an INR of 2.5-3.5 for AF patients with a mechanical

alve (other than On-X aortic valve) or requiring a higher INR goal
due to thrombophilia.*

With knowledge of optimal INR range, trials looked at issues
hat occur during time outside of therapeutic range. One meta-analy-
is that included 35 studies from 31 patient cohorts showed the mean
TR was 64%, with a range of 25-90%.* It showed increasing mean
TR was significantly associated with a decreased incidence of both
major bleeding and stroke/systemic embolism (P < 0.01). Another
ross-sectional study enrolled 300 nonvalvular AF patients on long-
erm warfarin with a mean TTR of 47.0%, which showed achieving
TR > 60% did not compromise health-related quality of life and
treatment satisfaction.*

INR stability, however, can be interrupted when anticoagula-
tion is held for surgery. Bridging anticoagulation is sometimes dur-
ing anticoagulation interruptions, but is associated with higher risk
for bleeding and adverse events.* Therefore, bridging should only be
used in selected patients with a high risk of thromboembolic events
and a low bleeding risk.
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ANTIPLATELET THERAPY

The use of aspirin 325mg daily alone in AF has shown to be
inferior to warfarin shown in the SPAF-II study.* In the Copenhagen
AFASAK study where aspirin 75mg daily was used, warfarin had
significantly lower thromboembolic complications compared with
aspirin and placebo.?’” Hence, aspirin is rarely considered as a single
agent in the prevention of stroke in AF.

Dual antiplatelet therapy was also studied in stroke prevention.
The Atrial Fibrillation Clopidogrel Trial with Irbesartan for Preven-
tion of Vascular Events (ACTIVE A) trial compared clopidogrel and
aspirin to aspirin alone. It showed a trend toward lower major vascu-
lar event (stroke, noncentral nervous system embolism, myocardial
infarction, or vascular death) was 6.8% with clopidogrel and aspirin
versus 7.6% per year (RR =0.89; 95% CI: 0.81-0.98; P =0.01) with
aspirin alone but also increased risk of major hemorrhage (2.0% vs
1.3% per year, RR = 1.57; 95% CI: 1.29-1.92; P < 0.001).4748

The clopidogrel plus aspirin versus oral anticoagulation for
AF in the Atrial fibrillation clopidogrel Trial with Irbesartan for
prevention of Vascular Events (ACTIVE W) trial further compared
patients on clopidogrel (75mg per day) plus aspirin (75-100 mg
daily) to patients on oral anticoagulation therapy (target INR of

© 2022 Wolters Kluwer Health, Inc. All rights reserved.

2.0-3.0).“7* First occurrence of stroke, non-CNS systemic embo-
lism, myocardial infarction, or vascular death was set as the primary
outcome. This study, however, was stopped early because of clear
evidence of superiority of oral anticoagulation therapy with lower
rates of stroke and risk of bleeding (3.93% per year) compared to
clopidogrel plus aspirin (5.60%; RR = 1.44, 95% CI: 1.18-1.76;
P =10.0003).

DIRECT ORAL ANTICOAGULANTS

DOACs are direct inhibitors of the coagulation cascade
involved in the process of generation of a fibrin clot, includes fac-
tor Xa inhibitors and direct thrombin (factor Ila) inhibitors (DTI).
Factor Xa is a key factor of both the intrinsic and extrinsic coagula-
tion pathways of coagulation cascade. Thrombin is the last enzyme
of the coagulation cascade, which converts fibrinogen to fibrin to
form thrombus. Direct factor Xa inhibitors bind to the activation
site of factor Xa and prevent factor Xa from activating prothrombin
to thrombin (factor Ila), while DTI directly inhibits the conversion.
Ximelagatran was the first DOAC approved world-wide (in Ger-
many, Portugal, Sweden, Finland, Norway, Iceland, Austria, Den-
mark, France, Switzerland, Argentina, and Brazil). However, it was
never approved in the U.S. and discontinued distribution in approved
countries after reports of hepatotoxicity in 2006.% Currently, the U.S.
Food and Drug Administration (FDA) approved oral factor Xa inhib-
itors include rivaroxaban, apixaban, edoxaban, and betrixaban, while
the only oral DTI is dabigatran.

The use of DOACs has been increasing in recent years.
Unlike warfarin, DOACs do not require frequent monitoring of the
patient’s INR. In addition, there are no food interactions and fewer
drug interactions with DOACs. By 2016, the prescription of DOACs
had exceeded warfarin for AF patients.>' Several meta-analyses and
systematic reviews showed superiority with DOACs over VKA in
patients with AF. In one meta-analysis that included the Random-
ized Evaluation of Long-Term Anticoagulation Therapy (RE-LY),
the Rivaroxaban Once Daily Oral Direct Factor Xa Inhibition Com-
pared with Vitamin K Antagonism for Prevention of Stroke and
Embolism Trial in Atrial Fibrillation (ROCKET AF), Apixaban for
Reduction in Stroke and Other Thromboembolic Events in Atrial
Fibrillation (ARISTOTLE), and Effective Anticoagulation with
Factor Xa Next Generation in Atrial Fibrillation—Thrombolysis
in Myocardial Infarction 48 (ENGAGE-TIMI 48) trials, DOACs
(apixaban, dabigatran, edoxaban, and rivaroxaban) were compared
with warfarin. DOACs were associated with a significant reduction
of embolic stroke/systemic embolism [RRR= 13.7%, absolute risk
reduction (ARR) = 0.78%, number needed to treat (NNT) = 127],
hemorrhagic stroke (RRR = 50.0%, ARR = 0.63%, NNT = 157),
intracranial hemorrhage (RRR =46.1%,ARR =0.88%, NNT=113),
and major bleeding (RRR = 10.6%, ARR = 0.68%, NNT = 147).%
Another systematic review that included 6 randomized studies
showed DOACs were associated with lower all-cause mortality
(RR =0.88, 95% CI: 0.82-0.96), fatal bleeding (RR = 0.60, 95%
CI: 0.46-0.77), but had higher discontinuation rates due to adverse
events (RR = 1.23, 95% CI: 1.05-1.44).> Another meta-analysis
of 12 phase II and phase III randomized control trials (RCTs) with
54,875 AF patients showed DOACs compared to warfarin had
significantly lower all-cause mortality (RR = 0.89; 95% CI: 0.83—
0.96), cardiovascular mortality (RR = 0.89; 95% CI: 0.82-0.98),
and stroke/systemic embolism (RR = 0.77; 95% CI: 0.70-0.86), as
well as major bleeding (RR = 0.86; 95% CI: 0.72—1.02) and intra-
cranial hemorrhage (RR = 0.46; 95% CI: 0.39-0.56).>* Multiple
other meta-analyses also showed more favorable clinical outcomes
with DOACs compared to VKA in patients with nonvalvular AF.55-7
A summarization of RCTs of DOAC versus warfarin in nonvalvular
AF is provided in Table 2.
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TABLE 2. Summary of the Major Randomized Trials Evaluating Direct Oral Anticoagulants in Atrial Fibrillation

Mean Percent

Dabigatran was the first FDA-approved DOAC for AF in 2010.
The RE-LY trial was an open label, noninferiority RCT designed to
ompare 2 doses of dabigatran (110 mg twice daily and 150 mg twice
aily) with warfarin in patients who had AF and were at increased
risk for stroke (CHADS, score > 1). A total of 18,113 patients were
enrolled from 44 countries. The primary efficacy outcome was
embolic stroke or systemic embolism, which showed similar rates

oo

ity; P = 0.12 for superiority) with respect to the primary efficacy
endpoint. The primary safety endpoint of the trial was a composite
of major and nonmajor clinically relevant bleeding events. Primary
safety endpoint was met in similar rates in the rivaroxaban group
(14.9%) and in the warfarin group (14.5%, HR = 1.03; 95% CI: 0.96—
1.11; P = 0.44). Of note, intracranial hemorrhage (0.5% vs 0.7%,
P =0.02) and fatal bleeding (0.2% vs 0.5%, P = 0.003) were both

Trial Mean Time in INR Stroke or System
Acronym N DOAC CHADS, Range Death Embolic Events Hemorrhagic Stroke Major Bleeding

DRE—LY* 18,113 Dabigatran 110mg 2.1 64% RR 091 (0.8-1.03) RR 0.91 (0.74-1.11) RR 0.31 (0.17-0.56) RR 0.80 (0.69-0.93)
$2 twice daily
% g Dabigatran 150 mg RR 0.88 (0.77-1.00) RR 0.66 (0.53-0.82) RR 0.26 (0.14-0.49) RR 0.93 (0.81-1.07)
5 § twice daily
i} gROCKET—AF* 14,264 Rivaroxaban 20mg 3.5 55% HR 0.92 (0.82-1.03) HR 0.88 (0.75-1.03) HR 0.59 (0.37-0.93) HR 1.04 (0.9-1.2)
8= once daily
%gARISTOTLE* 18,201 Apixaban 5mg 2.1 62% HR 0.89 (0.80-0.998) HR 0.79 (0.66—-0.95) HR 0.51 (0.35-0.75) HR 0.69 (0.6-0.8)
og twice daily
é %ENGAGE 21,105 Edoxaban 30mg 2.8 65% HR 0.87 (0.79-0.96) HR 1.13 (0.96-1.34) HR 0.33 (0.22-0.50) HR 0.47 (0.41-0.55)
55 AF-TIMI48* once daily
W
] § Edoxaban 60 mg RR 0.90 (0.85-0.95) HR 0.87 (0.73—1.04) HR 0.54 (0.38-0.77) HR 0.80 (0.71-0.91)
85 once daily
oL
%\U‘ 3 CHADS,, score to estimate risk of stroke with 1 point assigned for each of the following: history of congestive heart failure, hypertension, age =75 years, or diabetes, and 2 points
2 §assigned for prior stroke or transient ischemic attack; DOAC, direct oral anticoagulant; HR, hazard ratio; INR, international normalized ratio; N, Number of patients enrolled; RR,
& Srelative risk.
% 2 *All 4 trials were compared to warfarin (target INR 2.0-3.0).
g2
<3
o DABIGATRAN (2.4%, HR = 0.88; 95% CI: 0.74-1.03; P < 0.001 for noninferior-
E
9]
o
)
=
=
)]
=
S
<
3
5
5
©
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n patients receiving 110mg of dabigatran twice daily (RR = 0.91;
5% CI: 0.74-1.11; P < 0.001 for noninferiority) and lower rates
in patients receiving 150mg of dabigatran twice daily (RR 0.66;
95% CI: 0.53-0.82; P < 0.001 for superiority). The primary safety
outcome was major hemorrhage, which was lowest in 110 mg dabi-
gatran group (2.71% per year, P = 0.003) and similar between war-
farin (3.36% per year) and the 150 mg dabigatran group (3.11% per
year, P =0.31). The annual rate of hemorrhagic stroke in the 150 mg
dabigatran group (0.10%, P < 0.001) and the 110mg dabigatran
group (0.12%, P < 0.001) were both significantly lower than war-
farin (0.38%). Mortality rates were similar between groups (warfa-
rin, 4.13%; 110 mg dabigatran, 3.75%, P = 0.13; 150mg dabigatran,
3.64%, P = 0.051)." This trial prompted the approval of dabigatran
by FDA (at doses of 150 mg and 75 mg twice daily) and in the Euro-
pean Union.

The Long-term Multicenter Extension of Dabigatran Treat-
ment in Patients with Atrial Fibrillation (RELY-ABLE) trial, which
is an observational extension of the RE-LY trial, showed similar effi-
cacy of preventing embolic stroke and mortality rates but lower risk
of bleeding in 110 mg versus 150 mg of dabigatran.*®
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RIVAROXABAN

Rivaroxaban was approved by the FDA in 2011 and was the
first oral factor Xa inhibitor approved for stroke prevention in nonval-
vular AF. The ROCKET-AF study was a randomized, double-blinded
trial that recruited 14,264 patients receiving either rivaroxaban
(20mg/day or 15mg/day with decreased kidney function) or dose-
adjusted warfarin from 1,178 participating sites in 45 countries.'* The
primary efficacy endpoint was the composite of stroke (ischemic or
hemorrhagic) and systemic embolism. Rivaroxaban (1.7%) was non-
inferior [hazard ratio (HR) = 0.79, 95% CI: 0.66—0.96; P < 0.001 for
noninferiority] to warfarin (2.2%). In the intention-to-treat analysis,
rivaroxaban (2.1%) was noninferior to, but not superior to, warfarin
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significantly lower in rivaroxaban compared to warfarin.'®

Another randomized trial was performed in Japan to estab-
lish the efficacy of lower dose of rivaxoraban (15mg once daily) in
the Japanese population.” The J-ROCKET AF trial was a phase III
randomized double-blind trial, which included 1,280 patients with
nonvalvular AF randomized to 15mg once daily rivaroxaban or
dose-adjusted warfarin. Rivaroxaban was noninferior to warfarin in
a composite of stroke and systemic embolism with a strong trend
favoring rivaroxaban (HR 0.49, 95% CI: 0.24-1.00; P = 0.05). Riva-
roxaban was also noninferior in a composite of major bleeding and
nonmajor clinically relevant bleeding rivaroxaban (HR 1.11, 95% CI:
0.87-1.42, P <0.001).

APIXABAN

Apixaban was approved in 2012, and was the second factor Xa
inhibitor approved by the FDA. The Apixaban versus Acetylsalicylic
Acid (ASA) to Prevent Stroke in Atrial Fibrillation Patients Who
Have Failed or Are Unsuitable for Vitamin K Antagonist Treatment
(AVERROES) trial studied the efficacy of apixaban in nonvalvular
AF patients unsuitable for VKA. It was a multicenter, double-blind,
randomized, placebo-controlled trial that compared apixaban with
aspirin. A total of 5,599 patients were enrolled; 2,808 were random-
ized to the apixaban group (apixaban 5mg twice daily plus placebo)
(or apixaban 2.5 mg twice daily if they met at least 2 of the following
criteria: age = 80 years, weight < 60kg, or creatinine = 1.5mg/dL)
while 2,791 were randomized to the aspirin group (81-325 mg daily
plus placebo). Stroke and/or systemic embolism was lower with
apixaban (1.6% annually) compared to aspirin (3.7%, HR 0.45; 95%
CI: 0.32-0.62; P < 0.001), while there was no difference in major
bleeding (1.4% vs 1.2%, HR 1.13; 95% CI: 0.74-1.75; P = 0.57).

The ARISTOTLE trial enrolled 18,201 patients with AF
with additional risk factor for stroke and compared apixaban (5mg
twice daily or 2.5mg twice daily if patients met criteria similar to
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AVERROES trial, above) with warfarin (target INR 2.0-3.0).'* Apix-
aban was associated with lower rates of stroke and systemic embo-
lism compared to warfarin (1.27% vs 1.60% per year, respectively;
HR 0.79; 95% CI: 0.66-0.95; P < 0.001 for noninferiority; P = 0.01
for superiority). Major bleeding was lower with apixaban compared
to warfarin (2.13% vs 3.09% per year, respectively; HR 0.69; 95%
SCI: 0.60-0.80; P < 0.001). Mortality was similar with apixaban and
warfarin (3.52% vs 3.94% per year, respectively; HR 0.89; 95% CI:
0.80-0.99; P =0.047).
The Aspirin Placebo in Patients with Atrial Fibrillation and
ACS or PCI (AUGUSTUS) was an open-label trial, which compared
the efficacy of apixaban with VKA with or without the addition of
Zaspirin to a P2Y 12 inhibitor, in patients with indications for dual anti-
platelet therapy (DAPT) in the setting of acute coronary syndrome
(ACS) or percutaneous coronary intervention (PCI).®! Because of its
2 x2 design, apixaban was able to be compared with VKA directly.
Compared to warfarin (14.7%), apixaban (10.5%) was associated
with less major or clinically relevant nonmajor bleeding (HR = 0.69,
95% CI: 0.58-0.81, P < 0.001 for both noninferiority and superior-
ity). The mortality rate (3.3% vs 3.2%, HR 1.03, 95% CI: 0.75-1.42)
was similar, while the rate of stroke was lower with apixaban (0.6%
vs 1.1%, HR 0.50, 95% CI: 0.26-0.97).
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EDOXABAN

Edoxaban was the latest factor Xa inhibitor approved by the
FDA in 2015. The ENGAGE AF-TIMI 48 trial was a 3-group RCT
comparing high-dose (60 mg daily) and low-dose (30 mg daily) edox-
ban with warfarin in the prevention of stroke or systemic embolism.®
previous phase 2 RCT established the safety of daily edoxaban
oses.” A total of 21,105 patients with nonvalvular AF and CHADS,
score > 2 were enrolled; the median follow-up was 2.8 years. The
rimary efficacy endpoint was a composite of stroke and systemic
embolism. The primary safety endpoint was major bleeding. Both
low-dose (1.61% annually; HR 1.07; 97.5% CI: 0.87-1.31; P =0.005
for noninferiority) and high-dose edoxaban (1.18%; HR 0.79; 97.5%
CI: 0.63-0.99; P <0.001 for noninferiority) were noninferior in pre-
venting stroke or systemic embolism when compared with warfarin
(1.50%, median time in the therapeutic range of 68.4%). In the inten-
tion-to-treat analysis for the primary efficacy endpoint, there was a
trend favoring high-dose edoxaban versus warfarin (HR 0.87; 97.5%
CI: 0.73-1.04; P = 0.08) and an unfavorable trend with low-dose
edoxaban versus warfarin (HR 1.13; 97.5% CI: 0.96-1.34; P =0.10).
Regarding major bleeding, both high-dose edoxaban (2.75% annu-
ally; HR 0.80; 95% CI: 0.71-0.91; P < 0.001) and low-dose edox-
aban (1.61%; HR 0.47; 95% CI: 0.41-0.55; P < 0.001) had lower
rates compared with warfarin (3.43%). All-cause mortality was also
lower with both high-dose (3.99% annually, P = 0.004) and low-dose
(3.80%, P << 0.001) edoxaban compared with warfarin (4.35%).
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COMPARISON OF DOACS

There have been no RCTs that have made head-to-head com-
parisons between different DOACs. However, the efficacy, cost effec-
tiveness, and safety of different DOACs were compared in a systematic
review and network analysis that analyzed 23 phase II and phase III
RCTs involving a total of 94,656 patients.** DOACs included in the
analysis were apixaban, edoxaban, rivaroxaban, and dabigatran.
Among the 23 studies included, 13 were comparing DOAC with war-
farin. Network meta-analysis showed dabigatran 150 mg twice daily
had a lower risk of stroke or systemic embolism compared with edox-
aban 60 mg once daily [odds ratio (OR) = 1.33, 95% CI: 1.02-1.75]
and rivaroxban 20mg once daily (OR = 1.35, 95% CI: 1.03-1.78)
but similar to apixaban 5mg twice daily (OR = 0.82, 95% CI: 0.62—
1.08). As for major bleeding risk, apixaban was similar to edoxaban

© 2022 Wolters Kluwer Health, Inc. All rights reserved.

(OR = 1.11, 95% CI: 0.92—1.35) and was lower compared to dabiga-
tran (OR = 1.33, 95% CI: 1.09-1.62) and rivaroxaban (OR = 1.45,
95% CI: 1.19-1.78). Clinically relevant bleeding was similar in
apixaban and dabigatran with trend favoring apixaban (OR = 2.32,
95% CI: 0.74-8.63), but higher in edoxaban (OR = 1.24, 95% CI:
1.09-1.42) and rivaroxaban (OR = 1.53, 95% CI: 1.33-1.75).

REVERSAL AGENTS OF DOACS

Initially, the lack of reversal agents for DOACs had been
one disadvantage when compared with VKA. Idarucizumab was
approved by the FDA as the first reversal agent for DOACs.® 1t is
a monoclonal antibody for dabigatran and does not reverse other
DOACs. Andexanet alfa is a recombinant modified version of human
activated factor X and it was approved as a reversal agent for both
rivaroxaban and apixaban by the FDA in 2018.% Of note, there are no
RCTs that studied the efficacy of andexanet alfa to date; the earliest
RCT result is not expected until 2023.¢” Ciraparantag is a universal
reversal agent for factor Xa inhibitors, dabigatran, and heparin by
binding anticoagulants via hydrogen bonds and charge-charge inter-
actions.®® Tt is under Fast Track Review by the FDA but has not yet
been approved.

SPECIAL CONSIDERATION

Valvular Heart Disease and Prosthetic Valves

Currently, the antithrombotic treatment in AF patients with
valvular heart disease (VHD) or bioprosthetic valves remains contro-
versial, and the optimal treatment for these conditions is still under
investigation.®*” Several meta-analyses demonstrated that in AF
patients with VHD, edoxaban, dabigatran, and apixaban exhibited
similar efficacy, and similar or reduced risks of stroke or systemic
embolism as well as bleeding, compared to warfarin.”"®> However,
rivaroxaban was associated with increased major bleeding, but not
intracranial hemorrhage or mortality rate.'>™ In AF patients with
bioprosthetic heart valves, the comparison between DOACs versus
warfarin showed that DOACs are noninferior to warfarin with respect
to safety and efficacy.”>”>7¢ In the ENGAGE AF-TIMI 48 trial, AF
patients with bioprosthetic heart valves treated with 60 mg edoxaban
had similar rates of stroke or systemic embolism and major bleed-
ing compared with warfarin, while those treated with 30 mg edoxa-
ban had similar rates of stroke or systemic embolism but lower rates
of major bleeding.” In the ARISTOTLE trial, in AF patients with
bioprosthetic heart valves, apixaban 5mg twice daily was noninfe-
rior to VKA with respect to stroke or systemic embolism, and major
bleeding.’® Nonetheless, these comparisons between AF patients with
bioprosthetic heart valves were based on a very small subgroup of
randomized patients. In a recent RCT comparing rivaroxaban versus
warfarin in patients with AF and a bioprosthetic mitral valve (RIVER
trial, NCT02303795), rivaroxaban 20 mg once daily was noninferior
to dose-adjusted warfarin in the mean time until the primary outcome
event (consisting of a composite of death and major cardiovascular
events including stroke, transient ischemic attack, systemic embo-
lism, valve thrombosis, or hospitalization for heart failure; 347.5 vs
340.1 days, respectively; 95% CI: —1.4 to 16.3; P <0.001 for nonin-
feriority) as well as for major bleeding (1.4% vs 2.6%, respectively;
HR = 0.54, 95% CI: 0.21-1.35).”” Furthermore, an ongoing observa-
tional study is being conducted in Japan to compare DOACs versus
warfarin versus antiplatelet therapy in AF patients with bioprosthetic
valves.” The Investigation of Rheumatic AF Treatment Using Vita-
min K Antagonists, Rivaroxaban or Aspirin Studies (INVICTUS-
VKA) trial is an international, multicenter, open-label, phase III
RCT, planning to enroll more than 20,000 patients, comparing riva-
roxaban 20mg with VKAs for the prevention of stroke or systemic
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embolism in AF patients with rheumatic valvular heart disease.” The
carliest results of INVICTUS-VKA trial are expected to be available

in late 2022.
For patients with mechanical heart valves, DOACs should not
be used based on current evidence and dabigatran is contraindicated.
In the Randomized, Phase II Study to Evaluate the Safety and Phar-
. Smacokinetics of Oral Dabigatran Etexilate in Patients after Heart
SValve Replacement (RE-ALIGN) trial, dabigatran (dosed adjusted
based on trough plasma level) compared to warfarin (INR target
of 2-3 or 2.5-3.5, depending upon thromboembolic risk factors)
howed an increased risk of ischemic or unspecified stroke (5% vs
), myocardial infarction (3% vs 0), valve thrombosis without symp-
Stoms (3% vs 0), as well as major bleeding (4% vs 2%, pericardial
bleeding in all the cases), in patients who had undergone aortic- or
itral-valve replacement within the past 7 days and those who had
undergone such replacement at least 3 months earlier.® The trial was
stopped early because of excess of thromboembolic and bleeding
events in the dabigatran group after 252 patients. This prompts the
DA to release a safety announcement that dabigatran should not
e used in patients with mechanical prosthetic heart valves.®! The
IWA trial was a proof-of-concept, open-label, RCT that recruited
total of 72 patients to compare the incidence of thromboembolic
and bleeding events in patients with mechanical heart valves tak-
ing rivaroxaban (15mg twice daily) and dose-adjusted warfarin.*?
During a 90 days follow-up period, rivaroxaban and warfarin had a
similar rate of a composite primary efficacy outcome of stroke, tran-
ient ischemic attack, silent brain infarction, and systemic embo-
ism (4.3% vs 14.3%, RR = 0.27, 95% CI: 0.02-2.85; P = 0.25).
o case of major bleeding, intracranial hemorrhage, fatal bleeding,
and clinically relevant nonmajor bleeding were not reported in either
roups during the follow-up period. However, the RIWA trial was
nly a single-center pilot study with small sample size and short
ollow-up and needs to be confirmed with multicenter RCTs. Ran-
omized trials of apixaban or edoxaban have not been completed in
atients with mechanical valves. The PROACT Xa trial is an open-
label, RCT to compare apixaban with warfarin in patients with an
ZOn-X Aortic Heart Valve or On-X Ascending Aortic Prosthesis with
the Vascutek Gelweave Valsalva Graft, started in 2020 and estimated
to be completed in 2024 with a target sample size of 1,000 patients.*
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Compromised Kidney Function

In AF patients with CKD, warfarin use was associated with
increased risk of hemorrhagic stroke but associated with no change
in the incidence of ischemic stroke.* In contrast, dose-adjusted apix-
aban have shown to reduce the risks of bleeding, thromboembolism,
and death compared to warfarin, and it is currently the only DOAC
approved to be used in patients with end-stage renal disease.’3%
Notably, dabigatran, rivaroxaban, and edoxaban should be avoided
in patients with end-stage renal disease or on dialysis, although each
has a different cut-off for glomerular filtration rate.'

Concomitant Use of Antiplatelet Agents

In AF patients with ACS or PCI classically requiring DAPT
as well as anticoagulation, the AUGUSTUS trial showed that with
the addition of aspirin to a P2Y12 inhibitor resulted in more major
and clinically relevant bleeding (16.1% vs 9.0%, HR 1.89, 95% CI:
1.59-2.24, P < 0.001), regardless of whether warfarin or apixaban
was used for anticoagulation, without an improvement of death or
hospitalization rate (26.2% vs 24.7%, HR = 1.08, 95% CI: 0.96—
1.21, P = nonsignificant) or rate of stroke (0.9% vs 0.8%, HR = 1.06,
95% CI: 0.98-1.98).%! Therefore, the American College of Cardiol-
ogy recommends against combined use of DAPT with anticoagula-
tion in general and only if it is necessary, a short duration (less than
30 days) of combined use is recommended.®’
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In AF patients with stable coronary artery disease, the Anti-
thrombotic Therapy for Atrial Fibrillation with Stable Coronary
Disease (AFIRE) trial showed that rivaroxaban monotherapy was
noninferior to combination therapy with rivaroxaban plus a single
antiplatelet agent in a composite efficacy endpoint of stroke, sys-
temic embolism, myocardial infarction, unstable angina requiring
revascularization, or death from any cause (HR = 0.72, 95% CI:
0.55-0.95, P < 0.001 for noninferiority). At the same time, rivar-
oxaban monotherapy was superior to combination therapy in major
bleeding (HR = 0.59, 95% CI: 0.39-0.89, P = 0.01 for superiority).
The trial was stopped early due to increased mortality in the combi-
nation therapy group.®®

In elderly AF patients, one study included patients =90 years
of age and showed DOACs (dabigatran, rivaroxaban, and apixaban)
and warfarin were similarly effective in preventing stroke or throm-
boembolic events (4.07% vs 4.59%, respectively; HR = 1.16, 95%
CI: 0.61-2.22, P = 0.654), but a reduced risk of intracranial hemor-
rhage (0.42% vs 1.63%, respectively; HR = 0.32, 95% CI: 0.10-0.97,
P = 0.044).% Another cohort study compared clinical outcomes by
frailty in Medicare patients (patients aged over 65 or with disability)
with AF using warfarin vs DOACs. Compared to warfarin, apixaban
was associated with lower rates of adverse events (defined as a com-
posite of death, ischemic stroke, or major bleeding) across all frailty
levels, while dabigatran and rivaroxaban only had lower event rates
with nonfrail patients.”

Periprocedural Management

Two meta-analyses and 3 RCTs showed in AF patients under-
going AF ablation, comparing with uninterrupted warfarin, con-
tinuous DOACs were associated with similar or lower incidence of
periprocedural thromboembolic events and reduced major bleed-
ing.”"* In the Role of Coumadin in Preventing Thromboembolism
in AF Patients Undergoing Catheter Ablation (COMPARE) trial,
interrupted warfarin (2-3 days prior to ablation) with bridging of
low-molecular-weight heparin was associated with a higher peripro-
cedural risk of thromboembolic events (4.9% vs 0.25%, P > 0.001)
and a similar bleeding complication rate (0.76% vs 0.38, P=10.31).%
However, in the ABlation peRloperative DabiGatran in use Envision-
ing in Japan (ABRIDGE-J) trial, minimally interrupted dabigatran
before catheter ablation (holding of 1-2 doses) exhibited similar
thromboembolic risk (0% vs 0.5%) and reduced bleeding complica-
tions (1.4% vs 5.0%, P = 0.03) compared to uninterrupted warfa-
rin.”” In one Korean multicenter RCT, short interruption of DOACs
(procedure day single-dose skipped or 24-hour skipped) compared
with uninterrupted DOACs before AF ablation had a comparable effi-
cacy in the prevention of thromboembolic event (no event reported
in all 3 groups) and similar bleeding risk (P > 0.05), regardless of the
type of DOACs used.”® Base on the aforementioned findings, current
consensus recommend uninterrupted anticoagulation or minimally
interrupted DOAC:s prior to ablation. Immediately postablation, anti-
coagulation should be continued for at least 2 months and further
continuation should depend on patient’s risk for thromboembolism.*
Some studies suggest that it may be safe to discontinue anticoagu-
lants (warfarin or DOACs) in postablation patients under close moni-
toring; however, it is debatable in real-world practice.!%%1%!

In AF patients treated with warfarin receiving elective pro-
cedures, the Outcomes Registry for Better Informed Treatment of
Atrial Fibrillation (ORBIT-AF) trial showed increased incidence of
myocardial infarction, stroke or systemic embolism, major bleed-
ing, hospitalization, and death within 30 days in patients receiving
bridging compared to no bridging.!”® The Perioperative Bridging
Anticoagulation in Patients with Atrial Fibrillation (BRIDGE)
trial also showed forgoing bridging was noninferior to periopera-
tive bridging with low-molecular-weight heparin in perspective of
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thromboembolic prevention. Moreover, no-bridging group exhibited
significantly decreased incidence of major bleeding compared to
bridging group.'” Similarly, an observational study comparing hepa-
rin bridging versus no bridging in patients receiving DOACs, includ-
ing rivaroxaban, dabigatran, and apixaban, showed no significant
difference in cardiovascular events, while bridging led to increased
major bleeding complications.!* Therefore, bridging in routine pro-
phylactic anticoagulation in AF in general should be avoided with the
exception of presence of a mechanical mitral valve, previous throm-
boembolism during interruption of chronic anticoagulation, embolic
troke/thromboembolic events within previous 3 months, or a very
igh stroke risk (CHADS, score of 5 or 6).'%
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atients With Contraindication to Anticoagulation

In patients with unacceptably high risk of bleeding with anti-
oagulation, left atrial appendage (LAA) occlusion devices/proce-
ures are considered to prevent embolic stroke in AF patients. For
AF patients undergoing cardiac surgery with an indication long-term
nticoagulation but also a contraindication, studies showed surgical
LAA occlusion was associated with a reduced risk of ischemic stroke
or systemic embolic and mortality.!*1” Percutaneous LAA closure
devices including the Watchman and Amplatzer devices are approved
by the FDA. The LARIAT system has also been used; importantly,
his system is approved by the FDA for soft tissue closure/approxi-
mation only, and not specifically for prevention of thromboembo-
lism with LAA occlusion. In the percutaneous closure of the left
atrial appendage versus warfarin therapy for prevention of stroke
in patients with atrial fibrillation (PROTECT AF) and the Prospec-
ive randomized evaluation of the Watchman Left Atrial Appendage
Closure device in patients with atrial fibrillation versus long-term
warfarin therapy (PREVAIL) trial, the Watchman device was nonin-
ferior to warfarin in the prevention of stroke, systemic embolism, or
death.!%19 Tn the Amplatzer Amulet Left Atrial Appendage Occluder
ersus Watchman Device for Stroke Prophylaxis (Amulet IDE) trial,
he Amplatzer Amulet device was noninferior for safety and effec-
iveness of stroke prevention to the WATCHMAN device and had
a higher LAA occlusion rate.!"® The WaveCrest device is approved
by European Union CE but has not yet received FDA approval. The
WAveCrest Vs. Watchman TranssEptal LAA Closure to REduce
AF-Mediated STroke 2 (WAVECREST2, NCT03302494) trial is an
ongoing phase 3 RCT aimed to compare the safety and effectiveness
of WaveCrest LAA Occlusion system with Watchman.'!!
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