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The non-vitamin K antagonist oral anticoagulants (NOACs) dabigatran, rivaroxaban,
apixaban, and edoxaban have transformed the management of atrial fibrillation
(AF), but are only approved by regulatory authorities for stroke prophylaxis in
patients with so-called “non-valvular AF.” This terminology has spawned confusion
about which patients with valvular heart disease benefit from NOACs and which
should be treated with vitamin K antagonists (VKAs) instead. Patients with valvular
heart disease other than mechanical prosthetic valves or severe mitral stenosis (in-
cluding those with bioprosthetic valves) were included in pivotal trials demonstrating
the benefit of NOACs over VKAs, and consensus guidelines recommend NOACs over
VKAs in these patients. Subsequent devoted randomized controlled trials in patients
with AF and bioprosthetic valves, including transcatheter valves, have confirmed the
safety of NOACs in this population. In patients with rheumatic mitral stenosis, obser-
vational studies indicate that NOACs may be safe and effective, but randomized con-
trolled trials are ongoing. By contrast, a randomized controlled trial showed that
dabigatran is harmful in patients with mechanical prosthetic mitral valves; however,
these data may not extrapolate to patients with mechanical valve prostheses in
other locations or to other NOACs, and randomized controlled trials are ongoing. In
this review, we discuss these data in greater depth, and make recommendations for
the use of NOACs in patients with valvular heart disease.

Introduction

The non-vitamin K antagonist oral anticoagulants
(NOACs)—including the direct thrombin inhibitor dabiga-
tran and factor Xa inhibitors rivaroxaban, apixaban, and
edoxaban—transformed the management of atrial fibrilla-
tion (AF) upon their regulatory approval in the first half of
the 2010s. Pivotal clinical trials demonstrated that each

NOAC was non-inferior to vitamin K antagonists (VKAs) for
the prevention of stroke and systemic embolism, and that
apixaban, edoxaban, and dabigatran caused fewer epi-
sodes of major bleeding.1–4 Moreover, NOACs’ predictable
pharmacokinetics eliminated the need for routine monitor-
ing of anticoagulant activity, which is necessary for
patients treated with VKAs. However, all pivotal trials of
NOACs excluded patients with mechanical mitral valves or
severe mitral stenosis, an artefact of the non-inferiority
design of these trials, which required that they enroll the
same patient population as pivotal trials demonstrating the
efficacy of VKAs vs. placebo for stroke prophylaxis in
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patients with AF. For this reason, regulatory authorities
around the world approved NOACs for stroke and systemic
embolism prophylaxis only in patients with ‘non-valvular
AF’, defined, based on exclusion criteria in the pivotal tri-
als comparing NOACs and VKAs, as moderate or severe mi-
tral stenosis or a mechanical mitral valve.

However, the term non-valvular AF has spawned confu-
sion, with many believing that the coexistence of AF and
any valvular heart disease makes a patient ineligible for
treatment with NOACs. This confusion is particularly signif-
icant because it limits the application of evidence-based
treatment in patients with valvular heart disease, an area
of cardiology with particularly limited evidence from ran-
domized clinical trials to guide care.5 In reality, many
patients with valvular heart disease were included in piv-
otal trials comparing NOACs vs. VKAs and can realize the
same benefits of NOACs with respect to bleeding and con-
venience as other patients included in these trials. For
these reasons, the most recent version of the European

Society of Cardiology guidelines for the management of
patients with AF, published in 2020, indicates that the term
‘non-valvular AF’ should be abandoned.6 In this state-of-
the-art review, we will discuss the types of patients with
valvular heart disease excluded from pivotal trials compar-
ing NOACs and VKAs and the rationale for these exclusions,
correct misconceptions surrounding the terms valvular and
non-valvular AF, describe the evidence for the safety and
efficacy of NOACs in patients with valvular heart disease
other thanmoderate to severe mitral stenosis and mechan-
ical mitral valves, and highlight ongoing studies that aim to
assess the potential role of NOACs in valvular heart disease
settings that were excluded from the pivotal NOAC trials.

Valvular atrial fibrillation in historical
context

The efficacy of anticoagulation vs. placebo for stroke pre-
vention in patients with AF was first established in a series

Table 1 Valve-related exclusion criteria in trials of anticoagulants in patients with AF

Trial Publication year Comparison Exclusion criteria

AFASAK12 1989 VKA vs. placebo • Heart surgery with valve replacement
• Rheumatic heart disease

BAATAF13 1990 VKA vs. placebo • Evidence of mitral stenosis on two-dimensional
echocardiography

• Prosthetic heart valve

SPAF-114 1991 VKA vs. placebo • Mitral stenosis by echocardiography
• Prosthetic heart valve
• Mitral regurgitation with heart failure and left

atrial diameter of >5.5 cm

CAFA15 1991 VKA vs. placebo • Mitral or aortic valve prosthesis
• Mitral valve stenosis on two-dimensional

echocardiography

SPINAF16 1992 VKA vs. placebo • Mitral stenosis
• Prosthetic heart valve

EAFT17 1993 VKA vs. placebo • Rheumatic heart disease
• Prosthetic heart valve

RE-LY1 2009 Dabigatran vs. VKA • Prosthetic valve
• Haemodynamically relevant valve disease

ROCKET-AF2 2011 Rivaroxaban vs. VKA • Haemodynamically significant mitral valve
stenosis

• Prosthetic heart valve (annuloplasty with or
without prosthetic ring, commissurotomy and/
or valvuloplasty are permitted)

• Active endocarditis

ARISTOTLE3 2011 Apixaban vs. VKA • Clinically significant (moderate or severe) mitral
stenosis

• Prosthetic mechanical heart valve
• Active infective endocarditis

ENGAGE AF4 2013 Edoxaban vs. VKA • Moderate or severe mitral stenosis
• Mechanical heart valve (patients with biopros-

thetic heart valves and/or valve repair can be
included)
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of randomized clinical trials conducted in the 1980s and
published in the early 1990s. Importantly, patients with
rheumatic heart disease were excluded from these studies.
Autopsy and cohort studies published in the 1940s through
early 1980s had demonstrated a very high risk of thrombo-
embolic stroke in patients with rheumatic heart disease—
17-fold higher than the risk in the general population, in an
analysis of the Framingham cohort—and anticoagulation
had become the standard of care.7–10 Similarly, it was rap-
idly recognized after the advent of prosthetic valves in the
1960s that failure to treat these patients with anticoagula-
tion invariably led to valve thrombosis and death.11 For
these reasons, investigators did not believe that it was eth-
ical to randomize patients with rheumatic heart disease or
prosthetic valves to a treatment other than anticoagula-
tion. Ultimately, six trials were done comparing VKA vs.
placebo for the prevention of stroke, transient ischaemic
attack, or systemic embolism. The first of these trials, the
Copenhagen AFASAK (Atrial Fibrillation, Aspirin,
Anticoagulation) study, enrolled 1007 patients with chronic
AF without rheumatic heart disease, and randomized them
to VKA, low-dose aspirin, or placebo for 12months.12 The
yearly incidence of thromboembolic complications was
2.9% [95% confidence interval (CI) 0.6–4.8%] in patients
randomized to VKA and 5.5% (95% CI 2.9–9.4%) in patients
randomized to both aspirin and placebo. Five additional
trials—SPAF I (Stroke Prevention in Atrial Fibrillation),
BAATAF (Boston Area Anticoagulation Trial for Atrial
Fibrillation), CAFA (Canadian Atrial Fibrillation
Anticoagulation), SPINAF (Stroke Prevention in
Nonrheumatic Atrial Fibrillation), and EAFT (European
Atrial Fibrillation Trial)—compared VKAvs. placebo, and all
found that VKAs reduced the risk of thromboembolism.13–17

Like AFASAK, these trials all excluded patients with rheu-
matic heart disease (Table 1). In a meta-analysis of these
six trials, Hart et al.18 found that VKAs reduced the risk of
thromboembolism by 64% vs. placebo in patients with non-
valvular AF.

Based on the results of these trials, VKAs became the
mainstay for stroke and systemic embolism prevention in
patients with AF in the absence of rheumatic heart disease.
Since it had previously been the standard of care for
patients with rheumatic heart disease, it was thus indi-
cated for all patients with AF, with or without rheumatic
heart disease. However, VKAs have a number of limitations.
First, their use is associated with a high risk of bleeding,
which can be quite serious. In the meta-analysis by Hart et
al.,18 treatment with VKA vs. control was associated with
an 0.2%/year increased risk of intracranial haemorrhage
and a 0.3%/year increased risk of major extracranial hae-
morrhage. The risk of bleeding is compounded by VKAs’
small therapeutic window: patients with international nor-
malized ratio (INR) <2 have a substantially higher stroke
risk than those with INR�2, and patients with INR >3 have
a higher risk of intracranial haemorrhage with no further
reduction in stroke risk.19 Even within the therapeutic win-
dow, VKAs are not perfect; in one study, �75% of patients
with major bleeding and intracranial haemorrhage on VKA
had INR < 3, and 50% of patients with ischaemic stroke on
VKA had INR >2.20,21 Maintaining patients within that

narrow therapeutic window is further complicated by
VKAs’ indirect effect on coagulation via prevention of the
synthesis of coagulation factors II, VII, IX, and X. VKAs’ ef-
fect on coagulation are therefore mediated by dietary vita-
min K, genetic polymorphisms that affect VKAs’ affinity for
its target enzyme, and cytochrome p450 interactions with
a number of common drugs and foods.22 Together, these
interactions can cause VKAs’ effect on coagulation to fluc-
tuate, and time spent outside of the therapeutic window
will reduce VKAs’ efficacy or safety. Treatment with VKAs
therefore requires patients to undergo frequent INR checks
to ensure safe and effective anticoagulation.
For these reasons, despite VKAs’ efficacy in prevention

of thromboembolism across multiple randomized con-
trolled trials, there was considerable interest in the devel-
opment of oral anticoagulants (OAC) that exerted a more
direct effect on coagulation and would not require fre-
quent monitoring. Ultimately, this interest led to the de-
velopment of the NOACs dabigatran, rivaroxaban,
edoxaban, and apixaban in the late 1990s and early 2000s.
When designing trials to determine the efficacy of NOACs
for the prevention of stroke and systemic embolism in
patients with AF, VKAs’ demonstrated effectiveness for the
prevention of this serious endpoint meant that it would be
unethical to compare NOACs with placebo; instead, the
pivotal trials evaluating NOACs’ efficacy all compared
NOACs with VKAs. However, regulatory authorities also rec-
ognized a clinical need for OACs that were as (or nearly as)
effective at preventing stroke as VKAs without VKAs’ other,
well-recognized limitations. For this reason, pivotal clini-
cal trials of NOACs vs. VKAs were designed as non-
inferiority trials.
A non-inferiority study is designed to test the hypothesis

that a new treatment is not worse than an existing treat-
ment by a pre-specified amount, which is termed the non-
inferiority margin.23 The non-inferiority margin is selected
to preserve some fraction of the efficacy of existing treat-
ment vs. placebo. Because non-inferiority studies make an
implied comparison between NOACs and placebo via the
comparison between VKAs and placebo, the population en-
rolled in the pivotal trials of NOAC vs. VKA needed tomatch
the population enrolled in the pivotal trials of VKAs vs. pla-
cebo. Patients with haemodynamically significant mitral
valve disease andmechanical prosthetic valves were there-
fore excluded from all of the pivotal trials comparing
NOACs vs. VKA, and trials’ primary publications referred to
their study population as patients with non-valvular AF.
Ultimately, regulatory authorities also adopted this termi-
nology, approving dabigatran, rivaroxaban, apixaban, and
edoxaban for the treatment of non-valvular AF. The 2012
European Society of Cardiology and 2014 American College
of Cardiology/American Heart Association (ACC/AHA)
guideline for the management of patients with AF also
adopted valvular/non-valvular AF terminology.19,24 The
ACC/AHA guideline defined non-valvular AF as ‘AF in the
absence of rheumatic mitral stenosis, a mechanical or bio-
prosthetic heart valve, or mitral valve repair’, and the ESC
guideline defined valvular AF as ‘imply[ing] that AF is re-
lated to rheumatic valvular disease (predominantly mitral
stenosis) or prosthetic heart valves’. Both guidelines
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recommended use of NOACs only in patients with non-
valvular AF.

This terminology, however, proved confusing to practic-
ing cardiologists.25 In a survey of 513 cardiologists and

internists conducted in 2011 and 2012, just 57% reported
that existing definitions of non-valvular AF were suffi-
ciently clear. When surveyed about whether various sce-
narios would be classified as valvular AF, only 30% knew

Table 2 Patients with valvular heart disease in pivotal trials comparing NOAC vs. VKA

RE-LY ROCKET-AF ARISTOTLE ENGAGE AF Total

(N¼ 18 113)27 (N¼ 14 171)28 (N¼ 18 201)29 (N¼ 21 046)30 (N¼ 71 531)

N % N % N % N % N %

Any moderate or severe valvular disease 3950 21.8 2003 14.1% 4808 26.4% 2824 13.4% 13 585 19.0%
Mitral regurgitation 3101 17.1% 1756 12.4% 3526 19.4% 2250 10.7% 10 633 14.9%
Mitral stenosis (mild) 193 1.1% — — 131 0.7% — 324 0.5%
Aortic regurgitation 817 4.5% 486 3.4% 887 4.9% 369 1.7% 2559 3.6%
Aortic stenosis 471 2.6% 215 1.5% 384 2.1% 165 0.8% 1235 1.7%
Tricuspid regurgitation 1179 6.5% — — 2124 11.7% — — 3303 4.6%
Prior valve surgery or procedure — — 106 5.3% 251 1.4% 325 1.5% 682 1.0%

Figure 1 Interaction between valvular heart disease and treatment effect of NOACs vs. VKA on stroke and systemic embolism and major bleeding. (A)
Stroke and systemic embolism and (B) major bleeding. Bar graphs show the rate of stroke and systemic embolism per 100 patient-years in patients with
valvular heart disease (solid bars) and without valvular heart disease (hatched bars) in patients treated with VKAs (blue) and NOACs (other colours), and
forest plot shows the hazard ratios (NOAC vs. VKA) in patients with valvular heart disease (solid circle) and without valvular heart disease (hatched circle)
in the pivotal trials of NOACs versus VKAs in patients with atrial fibrillation.
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that AF in the presence of valvular disease other than mi-
tral should be characterized as non-valvular, 24% knew that
AF in the presence of mitral regurgitation should be

characterized as non-valvular AF, 29% knew that AF in the
presence of an aortic bioprosthesis should be characterized
as non-valvular AF, and just 13% knew that the degree of

Table 3 Effect of NOAC vs. VKA on stroke and systemic embolism and major bleeding in patients with and without valvular heart
disease enrolled in pivotal NOAC trials

Stroke and systemic embolism Major bleeding

HR, NOAC vs. VKA (95% CI) HR, NOAC vs. VKA (95% CI)

Trial Valvular heart disease No valvular heart disease Valvular heart disease No valvular heart disease

RE-LY 0.59 (0.37–0.93) 0.67 (0.52–0.86) 0.82 (0.64–1.06) 0.98 (0.83–1.15)
ROCKET-AF 0.83 (0.55–1.27) 0.89 (0.75–1.07) 1.56 (1.14–2.14) 0.98 (0.84–1.15)
ARISTOTLE 0.70 (0.51–0.97) 0.84 (0.67–1.04) 0.79 (0.61–1.04) 0.65 (0.55–0.77)
ENGAGE AF 0.69 (0.44–1.07) 0.91 (0.77–1.07) 0.74 (0.53–1.02) 0.82 (0.71–0.94)

Table 4 Effect of NOAC vs. VKA on stroke and systemic embolism and major bleeding in major trials enrolling patients with valvu-
lar heart disease

Trial Population NOAC arm Comparator arm Death or
thromboembolism
HR, 95% CI

Major bleeding
HR (95% CI)

RE-ALIGN37 Mechanical aortic
or mitral valve
(79% immediately
post-op)

Dabigatran 150,
220, or 300mg
twice daily,
adjusted based
on plasma drug
level

VKA, dose adjusted
to INR 2.5–3.5 or
2.0–3.0

1.94 (0.64–5.86) 1.76 (0.37–8.46)

RIVER56 Atrial fibrillation þ
bioprosthetic
mitral valve

Rivaroxaban 20mg
daily

VKA, dose adjusted
to INR 2.0–3.0

0.65 (0.35–1.20) 0.54 (0.21–1.35)

ATLANTIS (stratum 1)61 Atrial fibrillation þ
transcatheter
aortic valve

Apixaban 5mg
twice daily

VKA, dose adjusted
to INR 2.0–3.0

1.02 (0.68–1.05) 0.92 (0.52–1.60)

ENVISAGE-TAVI AF62 Atrial fibrillation þ
transcatheter
aortic valve

Edoxaban 60mg
daily

VKA, dose adjusted
to INR 2.0–3.0

1.02 (0.76–1.39) 1.40 (1.03–1.91)

GALILEO66 Transcatheter
aortic valve with-
out atrial
fibrillation

Rivaroxaban 10mg
daily þ aspirin

Clopidogrel 75mg
daily þ aspirin

1.35 (1.01–1.81) 1.50 (0.95–2.37)

ATLANTIS (stratum 2)61 Transcatheter
aortic valve with-
out atrial
fibrillation

Apixaban 5mg
twice daily

Antiplatelet
therapy

1.56 (1.01–2.43) 1.09 (0.69–1.69)

PROACT-Xa48 Mechanical On-X
aortic valve
(> 3months
post-op)

Apixaban 5mg
twice daily

VKA, dose adjusted
to INR 2.0–3.0

Ongoing Ongoing

DAVID-MS54 Moderate or severe
rheumatic mitral
stenosis

Dabigatran 110 or
150mg twice
daily

VKA, dose adjusted
to INR 2.0–3.0

Ongoing Ongoing

INVICTUS50 Moderate or severe
rheumatic mitral
stenosis and
atrial fibrillation

Rivaroxaban 20mg
daily

VKA, dose adjusted
to INR 2.0–3.0

Ongoing Ongoing
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mitral valve stenosis (moderate–severe vs. mild) was rele-
vant for distinguishing between valvular and non-valvular
AF.26

Efficacy and safety of NOACs in patients with
valvular heart disease other than mitral
stenosis or mechanical prosthetic valves

The pivotal trials of NOACs vs. VKA did include a number of
patients with other types of valvular heart disease. Of
71 531 patients enrolled in RE-LY (Randomized Evaluation
of Long-Term Anticoagulation Therapy), 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), ARISTOTLE
(Apixaban for Reduction in Stroke and Other
Thromboembolic Events in Atrial Fibrillation), and ENGAGE
AF (Effective Anticoagulation with Factor Xa Next
Generation in Atrial Fibrillation), the pivotal trials evaluat-
ing NOACs vs. VKA, 13 585 (19.0%) had either moderate/se-
vere valvular disease or a prior valve intervention or
bioprosthesis (Table 2).27–30 The vast majority of these
patients (N¼ 10 633; 78.2%) had mitral regurgitation, but
significant numbers of patients had other valve lesions or
prior valve procedures.

Across the four trials, compared with patients without
valvular heart disease, patients with valvular heart disease
were older and had more cardiovascular and non-cardio-
vascular comorbidities. They had higher rates of stroke and
systemic embolism (the trials’ primary endpoints) and ma-
jor bleeding.27–30 However, in all trials, the effect of NOAC
vs. VKA on the primary efficacy endpoint of stroke and sys-
temic embolism was similar for patients with and without
valvular heart disease (Figure 1A and Table 3). The effect
of NOAC vs. VKA on the major bleeding endpoint was simi-
lar for patients with and without valvular heart disease in
all trials except ROCKETAF, in which patients with valvular
heart disease were more likely to have major bleeding with
rivaroxaban than VKA and patients without valvular heart
disease has similar risks of bleeding with both treatments
(Figure 1B). In all of the trials, there was no signal of het-
erogeneity between different valve lesions in their interac-
tion with the effect of NOACs vs. VKAs on key clinical
endpoints.27–30 Though these trials were underpowered to
assess the interaction between presence of valvular heart
disease and the effect of NOAC vs. VKA on major bleeding,
stroke, and systemic embolism, the tightly overlapping CIs
and consistency across trials suggests that patients with
valvular heart disease other than severe mitral stenosis
and mechanical prosthetic heart valves derive the same
benefit as patients without valvular heart disease from
treatment with NOACs over VKAs. Based on the results
from these subanalyses, European Society of Cardiology
guidelines recommend NOACs in preference to VKAs in
patients with AF and aortic stenosis, aortic regurgitation,
or mitral regurgitation (Class I, Level of Evidence (LOE)
A).31 American College of Cardiology/American Heart
Association (ACC/AHA) guidelines indicate that NOACs are
‘an effective alternative to VKA’ in this population (Class I,
LOE A).32

Efficacy and safety of NOACs in patients with
mitral stenosis and mechanical prosthetic
valves

Since patients with moderate or severe mitral stenosis and
mechanical prosthetic valves were excluded from the piv-
otal trials comparing NOACs vs. VKAs for reasons related to
trial design rather than concerns that NOACs would be less
effective in these populations, there remained equipoise
to randomize patients with mitral stenosis and mechanical
prosthetic valves to NOACs vs. VKA. By 2009, more than 4
million people had received a prosthetic valve, and 300 000
were implanted each year,33 and NOACs’ safety and effec-
tiveness were unknown in this sizable group of patients.
Moreover, in benchtop and swine models of mechanical
prosthetic valves, dabigatran was as or more effective than
VKAs or heparin in the prevention of thrombosis in mechan-
ical valves placed in the aortic and mitral positions.34–36

These findings informed the design of RE-ALIGN
(Randomized, Phase II Study to Evaluate the Safety and
Pharmacokinetics of Oral Dabigatran Etexilate in Patients
after Heart Valve Replacement), which planned to random-
ize 405 patients with mechanical prosthetic bileaflet heart
valves in the aortic or mitral position to dabigatran or
VKA.37 The trial was stopped after enrolment of 252
patients due to an excess of both ischaemic and bleeding
events in the dabigatran arm: 5% of patients in the dabiga-
tran arm and 0% in the VKA arm had an ischaemic stroke,
and 4% of patients in the dabigatran arm and 2% of patients
in the VKA arm had a major bleeding event. RE-ALIGN
showed that dabigatran was not as effective as VKA for the
prevention of stroke and systemic embolism in patients
with mechanical prosthetic valves, and as a result, consen-
sus guidelines contain a Class III recommendation against
the use of NOACs in these patients, with the strongest lan-
guage contraindicating the use of dabigatran.32,38

Givenwell-recognized limitations of VKAs, there remains
an unmet need for alternative anticoagulation strategies in
this population, and some have argued that the results
from RE-ALIGN should not be broadly applied to all types of
mechanical valves and all NOACs.39 They have argued that
NOACs failed to be safe and effective for anticoagulation in
patients with mechanical heart valves because RE-ALIGN
enrolled patients at the wrong time, used the wrong me-
chanical valve type, and used the wrong NOAC.

First, 79% of patients enrolled in RE-ALIGN were enrolled
immediately followingmechanical prosthetic valve implan-
tation, and early post-operative events this cohort of
patients drove the worse outcomes with dabigatran.39 Of
nine patients with stroke in the dabigatran arm (vs. 0 in the
VKA arm), the majority occurred within the first 90 days af-
ter surgery. Similarly, the seven instances of major bleed-
ing in the dabigatran arm (vs. two in the VKA arm) were
pericardial bleeds in the perioperative period. These find-
ings suggest NOACs are not safe and effective for the imme-
diate post-operative period, but that the safety and
efficacy profile for patients>3months from valve replace-
ment may differ. This argument is supported by two hy-
potheses related to changing thrombogenicity of
mechanical valves over time. First, prosthetic valve
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components are highly thrombogenic, but develop a less
thrombogenic neointimal covering over time.40 Second,
the trauma of surgery induces a transient hypercoagulable
state, activating the extrinsic coagulation pathway, which
is inhibited by VKAs but not dabigatran.39,41

The second reason advanced for dabigatran’s failure to
provide safe and effective anticoagulation in RE-ALIGN is
related to dabigatran. Dabigatran is poorly bioavailable,
and investigators adjusted the dose of dabigatran (up to
300mg twice daily, or twice the dose approved for patients
with non-valvular AF) to obtain a serum level of
>50ng/mL.37 Though median time to reach therapeutic
levels of anticoagulation was similar in the dabigatran and
VKA groups (8 vs. 7 days), the interquartile range was
broader for dabigatran (7–23 days) than VKA (5–11days),
suggesting that many patients were inadequately anticoa-
gulated in the dabigatran arm during the critical post-
operative period. In addition, there is poor correlation be-
tween serum levels of dabigatran and anticoagulant effi-
cacy, so even patients reaching appropriate levels may not
have been adequately anticoagulated.42 This strategy of ti-
trating dabigatran dose based on serum levels contrasts
with how dabigatran was dosed in the RE-LY trial and how it
is used in clinical practice, without need for monitoring of
anticoagulant activity. Furthermore, the perceived need
for monitoring anticoagulant activity in this population
also limits the practical benefit of dabigatran compared
with VKAs. More broadly, dabigatran’s mechanism of ac-
tion, as a direct thrombin inhibitor, may have made it a
poor choice. Dabigatran inhibits thrombin, the final factor
in the coagulation cascade, in a 1:1 manner. Mechanical
heart valves continuously activate the coagulation cas-
cade, leading to very high local concentrations of throm-
bin. In an in vitro study performed after RE-ALIGN,
dabigatran concentrations <200ng/mL (four-fold higher
than the concentrations achieved in RE-ALIGN) had mini-
mal effect on thrombin generation on mechanical heart
valves; concentrations of 254 and 488ng/mL (five- and
nine-fold higher than the concentrations achieved in RE-
ALIGN) were required to achieve inhibition of thrombus
formation to the same extent as VKA at INR values of 2.0
and 3.5.41 The 300mg twice daily dose already led to sub-
stantially higher rates of bleeding in RE-ALIGN, making the
higher doses required to achieve these serum concentra-
tions of dabigatran prohibitively dangerous, and ruling out
dabigatran as an effective anticoagulant in patients with
mechanical heart valves. The greater anticoagulant effi-
cacy of VKAs is partly related to their inhibition of multiple
factors in both the extrinsic and intrinsic coagulation path-
ways and also to upstream inhibition. Each reaction in the
coagulation cascade is repeatedmultiple times, generating
many molecules of downstream factors for each upstream
factor—eachmolecule of factor Xa, for example, generates
�1000 molecules of thrombin.43 The Xa inhibitors, by act-
ing upstream of thrombin, may therefore inhibit thrombin
generation on mechanical heart valves at more reasonable
serum concentrations. However, in vitro studies have sug-
gested that apixaban and rivaroxaban doses >20mg twice
daily may be necessary to achieve anti-thrombin activity
comparable to VKA dose-adjusted to achieve INR between
2.0 and 3.5.44

The last reason suggested for dabigatran’s failure in RE-
ALIGN is the choice and position of valves employed. RE-
ALIGN allowed any mechanical bileaflet valve in the mitral
or aortic position; however, mechanical valves in the mitral
position are at substantially higher thromboembolic risk
than mechanical valves in the aortic position. Moreover,
some valves are more thrombogenic than others. The On-X
valve, in particular, does not have any highly thrombogenic
silicon in its construction and has a number of other fea-
tures intended to reduce transvalvular gradients and in-
crease laminar flow across the valve, thereby reducing
thrombogenicity.45 In the PROACT trial, which randomized
patients with an On-X valve in the aortic position to high-
intensity anticoagulation with VKA (INR 2.5–3.5) vs. lower
intensity anticoagulation with VKA (INR 1.5–2.0), rates of
embolic stroke and valve thrombosis were similar in both
arms, with lower rates of bleeding in the lower intensity
anticoagulation arm.46

Two randomized controlled trials testing the safety and
efficacy of NOACs in patients with mechanical prosthetic
valves—one completed, one ongoing—have used some or
all of these major lessons from RE-ALIGN: avoid enrolling
patients in the immediate post-operative period, use Xa
inhibitors rather than dabigatran, and enroll patients with
less thrombogenic valves in the aortic position. The RIWA
trial (Rivaroxaban vs. Warfarin in Patients with Mechanical
Heart Valves), which enrolled 44 patients with mechanical
prosthetic heart valves and randomized them to rivaroxa-
ban 15mg twice daily (n¼ 23) or dose-adjusted VKA
(n¼ 21), had similar instances of embolic events and
bleeding between arms but was small and underpowered.47

The ongoing PROACT-Xa trial employs all of the lessons
learned from RE-ALIGN and should definitively answer the
question of whether NOACs are safe and effective for the
prevention of thrombotic complications in patients with
mechanical prosthetic valves under optimal conditions.
PROACT-Xa will enroll 1000 patients who underwent im-
plantation of an On-X mechanical prosthetic valve in the
aortic position >3months prior, and randomize them to
apixaban 5mg twice daily or VKA dose-adjusted to achieve
an INR 2.0–3.0.48 All patients will be followed for at least
2 years for the incidence of the primary outcome, a com-
posite of valve thrombosis or valve-related thromboem-
bolic event. The trial will have >90% power to assess the
non-inferiority of apixaban vs. VKA for this endpoint. While
this trial is ongoing, current ESC and ACC/AHA guidelines
recommend against the use of NOACs in patients with me-
chanical valve prostheses (Class III, LOE B).31,32

In patients with moderate or severe mitral stenosis, no
randomized controlled trials of NOACs have been com-
pleted. The prevalence of mitral stenosis is low in the USA
and Europe, but affects 33 million people worldwide,
mostly in low- and middle-income countries.49,50 Patients
with AF and rheumatic heart disease are younger than
those with AF in the absence of rheumatic heart disease,
have fewer cardiovascular risk factors, and so may be at
lower risk of stroke, despite the presence of severe mitral
stenosis. In the REMEDY (Global Rheumatic Heart Disease)
Registry, which enrolled 3343 patients with rheumatic
heart disease from 14 countries in Africa and Asia, median
age was 28, 21% had AF, and 33% had congestive heart
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failure, most of whom had New York Heart Association
Class III or IV symptoms.51 Among patients with AF or me-
chanical valves, 77% were treated with VKAs, but 10% of
these patients had no INR checks in the 6months prior to
enrolment and just 29% had INR within the therapeutic
range, indicating a need for alternatives to VKAs in patients
from low- and middle-income countries with AF and mitral
stenosis. Despite this under-treatment, just 2.4% of
patients with an indication for anticoagulation had a stroke
over 2-year follow-up; however, 17% of patients died over
the same time period, highlighting the challenges with
competing risks in this population.52

Though there is no data from randomized controlled tri-
als of NOACs in mitral stenosis, there is substantial clinical
experience. In a nationwide, retrospective observational
study of 7357 patients with AF and mitral stenosis treated
with OAC between 2008 and 2017 in South Korea, 1917
(26.1%) were treated with a NOAC (367 dabigatran, 472
rivaroxaban, 192 apixaban, 84 edoxaban).53 These patients
were compared with VKA-treated patients using propensity
score methods. Over a mean follow-up duration of
27months, NOAC-treated patients had a stroke or systemic
embolism rate of 2.22%/year compared with 4.19%/year in
the VKA group [hazard ratio (HR) 0.28, 95% CI 0.18–0.45].
NOAC-treated patients also had a lower risk of intracranial
haemorrhage and all-cause death. However, this study is
limited by its retrospective nature, and particularly by an
inability to ascertain the severity of mitral stenosis in ad-
ministrative data and control for it in analyses, which may
have biased the results.

There are two ongoing randomized clinical trials examin-
ing the role of NOACs in patients with rheumatic mitral ste-
nosis. DAVID-MS (DAbigatran for Stroke PreVention In Atrial
Fibrillation in MoDerate or Severe Mitral Stenosis) will en-
roll 686 patients in Hong Kong or China with moderate or
severe mitral stenosis and randomize them to dabigatran
(110 or 150mg twice daily) or VKA, dose-adjusted to
achieve an INR of 2–3.54 The trial is designed to evaluate
the non-inferiority of dabigatran, as compared with VKA, in
the prevention of the primary outcome of stroke or sys-
temic embolism. The larger INVICTUS (INVestIgation of
rheumatiC AF Treatment Using VKAs, rivaroxaban or aspirin
Studies) programmewill include both an observational reg-
istry of 17 000 patients with rheumatic mitral stenosis and
AF as well as a 4500-patient randomized clinical trial.50

Patients will be enrolled from sites in 23 countries in
Africa, Asia, and South America. In the clinical trial,
patients with AF, rheumatic mitral stenosis, and either
CHA2DS2VASc score �2, mitral stenosis with mitral valve
area (MVA)�2 cm2, or the presence of left atrial spontane-
ous echo contrast or thrombus will be randomized to either
VKA (dose adjusted to an INR of 2–3) or rivaroxaban 20mg
daily (15mg daily in patients with reduced renal function).
The study’s primary endpoint is the composite of stroke
and systemic embolism, for which the primary analysis will
assess the non-inferiority of rivaroxaban vs. VKA; the pri-
mary safety endpoint is ISTH major bleeding. While this
study is ongoing, ESC guidelines recommend against the
use of NOACs in patients with AF and moderate to severe
mitral stenosis (Class III, LOE C); ACC/AHA guidelines rec-
ommend use of a VKAwithoutmentioning NOACs.31,32

Efficacy and safety of NOACs in patients with
bioprosthetic valves

A small proportion of patients enrolled in pivotal trials of
NOACs vs. VKAs in patients with AF had prior bioprosthetic
valves: 191 patients in ENGAGE-AF (0.9% of the trial’s total
population) and 120 patients in ARISTOTLE (0.7%).29,30 In
these relatively small samples, efficacy and safety out-
comes in patients with bioprosthetic heart valves were sim-
ilar to the full trial population.

There have subsequently been two dedicated clinical tri-
als in patients with AF undergoing surgical mitral or aortic
valve replacement with a bioprosthetic valve. In a
Brazilian study that enrolled 27 patients and terminated
early due to low enrolment, dabigatran appeared to be
similar to VKA following bioprosthetic mitral and/or aortic
valve replacement in AF patients.55 More recently, the
RIVER (Rivaroxaban for Valvular Heart Disease and Atrial
Fibrillation) trial demonstrated non-inferiority of a
rivaroxaban-based strategy compared with a traditional
VKA strategy among AF patients with bioprosthetic mitral
valve implanted at least 48h prior to enrolment.56 In a to-
tal of 1005 patients randomized to rivaroxaban compared
with VKA, rates of cardiovascular death (3.4% vs. 5.1%, HR
0.65, 95% CI 0.35–1.20), stroke (0.6% vs. 2.4%, HR 0.25, 95%
CI 0.07–0.88), and major bleeding (1.4% vs. 2.6%, HR 0.54,
95% CI 0.21–1.35) were all numerically lower in the rivarox-
aban group compared with the VKA group, though the trial
was powered for non-inferiority. In a meta-analysis com-
bining data from RIVER, the Brazilian studies, and subgroup
analyses from ENGAGE-AF and ARISTOTLE, there was no
significant difference in the rates of major bleeding (HR
0.61, 95% CI 0.34–1.09) or stroke or systemic embolism (HR
0.47, 95% CI 0.17–1.29) for NOAC vs. VKA, but the point
estimates favoured NOAC.57

As such, current ESC/EACTS guidelines recommend
single-agent OAC (Class I, LOE C) for patients with surgical
bioprosthetic valves and an indication for OAC, with a Class
IIa recommendation to consider NOAC after 3months in
patients with AF (LOE B).6,31 Based in large part on the
RIVER Trial, NOAC can be considered over VKA in AF
patients undergoing bioprosthetic mitral valve replace-
ment (Class IIb).31 ACC/AHA guidelines recommend either
NOAC or VKA in patients with a bioprosthetic valve
implanted �3months prior (Class I, LOE A), and VKA in
patients with new-onset AF <3months after bioprosthetic
valve implantation (Class IIa, LOE B).32 Interestingly, in the
subgroup of patients enrolled within 3months of biopros-
thetic mitral valve implantation in RIVER (n¼ 189), the in-
cidence of the composite of death, major cardiovascular
events, or major bleeding was significantly lower with
rivaroxaban than with VKA (6.4% with rivaroxaban vs.
18.9% with VKA). Though this is a small and underpowered
subgroup, it may be reasonable to use rivaroxaban >48 h
after bioprosthetic mitral valve implantation, and further
study is needed.56

There have also been a number of trials comparing
NOACs vs. VKAs in patients undergoing transcatheter aortic
valve implantation (TAVI), both with and without another
indication for anticoagulation. These trials were preceded
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by observational studies, which largely demonstrated
lower bleeding with NOACs vs. VKAs. In a single-centre
study of 272 patients with AF following TAVI, apixaban-
treated patients had numerically lower incidences of life-
threatening bleeding and stroke at 30 days, and a signifi-
cantly lower incidence of the composite of mortality,
stroke, life-threatening bleeding, coronary obstruction,
major valvular complications, and valve dysfunction re-
quiring re-intervention.58 Similarly, in an analysis of the
multi-centre France-TAVI and FRANCE-2 registries, 8962 of
�25 000 patients undergoing TAVI from 2010 to 2017 had an
indication for OAC, of whom 2180 (24%) were treated with
NOACs (53% apixaban, 35% rivaroxaban, and 12% dabiga-
tran).59 In a propensity-matched analysis, NOAC-treated
patients had a lower risk of 3-year mortality and major
bleeding with no significant difference in the risk of ischae-
mic stroke or acute coronary syndrome. By contrast, in a
propensity-matched analysis of 962 patients who under-
went TAVI at four European centres and were discharged on
OAC, the composite of all-cause death, myocardial infarc-
tion (MI), or cerebrovascular event at 1 year was higher
with NOACs vs. VKAs, with a comparable rates of bleeding
between the groups.60

Though results of these observational studies have been
discordant, there have been two recently presented ran-
domized controlled trials in patients undergoing TAVI with
an indication for anticoagulation. In ATLANTIS (Anti-
Thrombotic Strategy to Lower All cardiovascular and
Neurologic Ischaemic and Hemorrhagic Events after
TransAortic Valve Implantation for Aortic Stenosis) stratum
1, 451 patients undergoing TAVI with an indication for anti-
coagulation (mostly AF) were randomized to apixaban 5mg
twice daily or standard of care (VKA in 89%, antiplatelet
therapy in the remainder).61 The incidence of the primary
outcome (a composite of death, stroke, MI, systemic embo-
lism, or intracardiac/valve thrombosis) was similar in
patients assigned to apixaban and usual care (HR 1.02, 95%
CI 0.68–1.05), with similar rates of BARC �3 bleeding (HR
0.92, 95% CI 0.52–1.60). ATLANTIS enrolled patients both
with and without an indication for anticoagulation, and the
analysis of patients with an indication for anticoagulation
was post hoc and not adequately powered to detect a dif-
ference between groups. By contrast, ENVISAGE-TAVI AF
was a dedicated trial of edoxaban 60mg daily vs. VKA
(dose-adjusted to achieve INR 2.0–3.0) in 1426 patients
with AF undergoing TAVI. Patients randomized to edoxaban
had a similar rate of the trial’s primary outcome, a compos-
ite of death, MI, ischaemic stroke, systemic embolism,
valve thrombosis, or major bleeding (HR 1.05, 95% CI 0.85–
1.31), but a higher rate of major bleeding (HR 1.40, 95% CI
1.03–1.91), with the difference driven by a higher rate of
gastrointestinal bleeding with edoxaban.62 The increase in
major bleeding was primarily seen in patients taking high-
dose edoxaban (60mg daily) or concomitant antiplatelet
therapy. The results of ENVISAGE TAVI are in contrast to
ENGAGE AF, which found a significant reduction in major
bleeding in patients randomized to edoxaban compared
with VKA but is consistent with the higher rate of gastroin-
testinal bleeding seen in the ENGAGE AF edoxaban
group.4,62 However, ENVISAGE TAVI was nearly 15-fold
smaller than ENGAGE AF, and it is possible that its

contradictory results with respect to major bleeding repre-
sent the play of chance. More data on the role of NOACs vs.
VKAs in patients with AF undergoing TAVI are needed.
For patients undergoing TAVI with an indication for OAC,

the role of clopidogrel in addition to OAC was clarified in
the POPular TAVI study.63 In cohort B of the study, 326
patients with an indication for anticoagulation were ran-
domized to OAC alone vs. OAC þ clopidogrel for 3months.
Although type of OAC was not specified by the study, �30%
of patients were treated with NOAC. The study found that
OAC alone resulted in fewer bleeding events without a con-
comitant increase in ischaemic events, suggesting single-
agent OAC may be sufficient in the management of these
patients. The ongoing AVATAR (Anticoagulation Alone vs.
Anticoagulation and Aspirin Following Transcatheter Aortic
Valve Interventions) trial (NCT02735902), which will ran-
domize patients undergoing TAVI who have an indication
for OAC to OAC vs. OAC þ aspirin may shed further light on
the optimal antithrombotic strategy in this patient
population.
In addition to these studies in patients with an indication

for anticoagulation, other studies have evaluated NOACs in
patients undergoing TAVI who do not have another indica-
tion for anticoagulation. These studies were initiated after
observational studies in patients undergoing TAVI and surgi-
cal aortic valve replacement with bioprosthetic valves
raised concerns about subclinical leaflet thrombosis,64

which has been associated with need for valve replacement
over 10-year follow-up.65 The GALILEO (Global Study
Comparing a Rivaroxaban-based Antithrombotic Strategy
to an Antiplatelet-based Strategy after Transcatheter
Aortic Valve Replacement to Optimize Clinical Outcomes)
study randomized patients after successful TAVI to a
rivaroxaban-based strategy (rivaroxaban 10mg daily and
ASA daily for 90days, followed by rivaroxaban 10mg daily)
with a traditional antiplatelet-based regimen (clopidogrel
75mg daily and ASA for 90 days, followed by ASA only).
Though the rivaroxaban-based strategy reduced the rate of
subclinical leaflet thrombosis (rivaroxaban 2.1%, antiplate-
let 10.9%; absolute risk difference 8.8%, 95% CI 1.9–16.5%),
it also increased the rates of major bleeding (rivaroxaban
4.3 per 100 patient-years, antiplatelet 2.8 per 100 patient-
years; HR 1.50, 95% CI 0.95–2.37) and death or thromboem-
bolism (rivaroxaban 9.8 per 100 patient-years, antiplatelet
7.2 per 100 patient-years HR 1.35, 95% CI 1.01–1.81), and
the study was stopped prematurely.66,67 Similarly, in
ATLANTIS stratum 2 (no indication for anticoagulation),
apixaban 5mg twice daily as compared with standard of
care (92% antiplatelet therapy alone), reduced the risk of
clinical or subclinical valve thrombosis (apixaban 1.1%,
antiplatelet 6.1%; HR 0.19, 95% CI 0.08–0.47), but in-
creased the risk of the composite of death, stroke, or sys-
temic embolism (apixaban 9.5%, antiplatelet 6.3%; HR
1.56, 95% CI 1.01–2.43), with a similar risk of major bleed-
ing (apixaban 7.8%, antiplatelet 7.3%; HR 1.09, 95% CI
0.69–1.69).61

As such, contemporary practice regarding the optimal
antithrombotic strategy for patients undergoing TAVI is de-
fined by whether the patient has prior indication for OAC.
In patients without an indication for OAC, ESC guidelines
recommend against the routine use of OAC (NOACs or VKA)
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to prevent subclinical valve thrombosis (Class III, LOE B),
based on GALILEO and ATLANTIS stratum 2, though OAC
should be considered in patients who develop subclinical
leaflet thrombosis (Class IIa, LOE B).31 ACC/AHA guidelines
recommend against routine use of rivaroxaban, in particu-
lar, to prevent subclinical valve thrombosis (Class III, LOE
B), and specifically recommend VKAs in patients who de-
velop valve thrombosis (Class IIa, LOE B).32 For patients
with an indication for OAC, lifelong OAC is recommended
(Class I, LOE B) with no preference expressed for NOAC or
VKA, consistent with the results of ENVISAGE-TAVI AF and
ATLANTIS stratum 1.31,32

Summary and recommendations

Though patients with moderate or severe mitral stenosis
and mechanical mitral valves were excluded from the piv-
otal trials that demonstrated the benefit of NOACs vs.
VKAs, a number of trials have evaluated the safety and effi-
cacy of NOACs in patients with valvular heart disease
(Table 4). Patients with AF and aortic stenosis, aortic regur-
gitation, mitral regurgitation, and mild mitral stenosis
were included in the pivotal trials comparing NOACs vs.
VKAs, and NOACs should be used in preference to VKAs in
these patients just as they would be used in patients with-
out any valvular heart disease (Figure 2). Patients with AF
and surgical bioprosthetic valves were also included in the
pivotal NOAC trials, and the RIVER trial has subsequently
confirmed the safety and efficacy of rivaroxaban in this
population. In patients undergoing TAVI without AF or an-
other indication for anticoagulation, NOACs reduce the risk
of subclinical leaflet thrombosis, but increase the risk of
major bleeding and thromboembolic events compared

with antiplatelet therapy and should be avoided. In
patients with AF who undergo TAVI, outcomes appear to be
similar for NOACs and VKAs, though more data are needed.
In patients with moderate or severe mitral stenosis, no tri-
als have evaluated the safety or efficacy of NOACs vs. VKA,
though a large observational study suggests benefit, and
two trials are ongoing. In patients with mechanical mitral
valves, dabigatran increases the risk of thromboembolic
events and major bleeding as compared with VKA, and
NOACs are contraindicated in all patients with mechanical
valves. However, the safety and efficacy of other NOACs in
this population, and the safety and efficacy of NOACs in
patients with mechanical valves in the aortic position are
unknown, and the randomized PROACT-Xa trial is ongoing.
Despite their original approval only for patients with ‘non-
valvular AF’, NOACs can be a good option for a large and
growing number of patients with valvular heart disease.
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evidence is uncertain.
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