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Abstract

Transcatheter Aortic Valve Replacement (TAVR) is now the
treatment of choice for patients with severe aortic stenosis
regardless of their surgical risk. A significant portion of TAVR
patients have concomitant Atrial Fibrillation (AF) leading to worse
prognosis. Studies about the safety and efficacy of anticoagulation
in this group are scarce. Hence, this review aims to assess the
differential clinical outcomes of the type of anticoagulation on
patients who underwent TAVR with concomitant AF. We performed
a systematic literature review to present the data from identify
randomized and nonrandomized clinical studies that reported
anticoagulation for AF after a TAVR. In addition, we consulted the
literature to check expert’s opinion on the subject and summarized
them in this review.
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Introduction

According to the US Census, there are over 47 million people
who are 65 years and older living currently living in the United States,
which translates to about 15% of the general population [1]. Up to
1.5 million are estimated to be living with Aortic Stenosis (AS), with
the highest prevalence among those who are 80-89 years old with
natural course of the disease expected to progress as the affected
population continues to age [2]. With such a high burden of aortic
valvular disease, the advent of TAVR has become an unprecedent era
of cardiology. Currently, TAVR is a low-risk and common procedure
with significant decrease of morbidity and mortality over the last
decades confirmed by positive outcomes for patients even with low
surgical risk according to PARTNER 3 and Evolut Low Risk trials
[3,4]. Without intervention, patients with symptomatic severe AS
have an average life expectancy of 1-2 years [4]. Those with severe
features and who are asymptomatic will die in 75% of the cases or
have symptoms in 5 years [5]. Furthermore, the same population
of severe aortic valve stenosis who needs valve replacement usually
have concomitantly a high prevalence of AF. According to a registry
analysis, 40% of patients undergoing TAVR have pre-existing AF and
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8 to 15% of TAVR cases develop new-onset AF in the post-op setting
[6]. This leads to an increase of risk for major cardiovascular and
thromboembolic adverse events [7]. The literature is scarce regarding
management of AF with TAVR and there are no specific guideline
recommendations to follow. This situation leads to uncertainty
regarding the use of anticoagulation in these patients. Therefore,
giving the importance of this topic because of the thrombo-embolism
risk burden especially when a debilitating stroke event occurs, the aim
of this review is to determine the different options for antithrombic
therapy, assess and recommend the best strategy to pursue the ideal
benefits for these patients .

TAVR and Risk of Thromboembolic Events

Several advancements have been made after the introduction of
TAVRs in humans in 2002 by Dr. Cribier in France [8]. Since then,
prosthetic valve modifications have been implemented to reduce
perioperative morbidity and mortality as well as thromboembolic
complications related to intervention in a severe aortic valve stenosis.
Currently, although there are a lot of prosthetic aortic valves in the
market, two main ones remain balloon expandable (SAPIEN VT and
SAPIEN 3) and self-expandable valves (Evolut and Evolut R) [9].
Though each valve type functionally reinstitutes appropriate flow
gradient and opening apparatus for cardiac outflow, there are certain
advantages and disadvantages to each. The Edward Sapiens valve is a
porcine type, has a balloon mounted delivery system to provide radial
force against the annulus and the leaflets, requiring rapid ventricular
pacing to be implemented. It cannot be retrieved once deployed, it
depends on aortic elasticity and has less potential for atrio- ventricular
block. On the other side, the Medtronic Core valve is a bovine type,
has a self-expendable delivery system that relies on passive radial
force to seal the annulus and the leaflets, allowing proper delivery in
beating heart. Reposition of this valve is possible after deployment,
it involves ascending aortic support and has more potential to create
atrio-ventricular block [10]. Thus, there are many deciding factors
that are taken into consideration when choosing a specific valve type
for TAVRs, including the annular apparatus/burden of calcification
of the aorta, proximity of the aortic root and Left Ventricular Outflow
Tract (LVOT) to the aorta, coronary obstruction/occlusion, and
paravalvular leaks/regurgitations [11]. However, there is no head-
to-head randomized study between the 2 valves and both of them
have comparable safety and efficacy features, reassuring long-term
outcomes after 5 years although degenerative changes start to occur
around 10 years after placement [12]. Nonetheless, considering an AF
perspective, several studies of the aortic root and LVOT to the aorta,
and calcification of the valve have shown a selective advantage of self-
expandable valves over balloon-expandable valves in patients at risk
for AF or with close proximity for embolization [12,13]. However,
in the absence of evidence-based medicine, it becomes unclear to
confirm which valve is better than the other in inducing AF as well as
reducing the risk of stroke, TIA and other thrombo-embolic events.

The incidence of AF has not been documented to be related to
the type of valves inserted [13]. The choice study showed a lower
incidence of aortic regurgitation with balloon-expandable valves
compared to self-expandable valves though data seems to be lacking
regarding long-term mortality benefit [14]. Although this study is
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one of the rare comparing balloon vs self-expandable valves, this
prospective study didn’t assess outcomes of AF patients treated with
aortic valve replacement.

The rate of stroke and thromboembolic events associated with
TAVRs 30 days after surgery leading to both clinical and subclinical
strokes and coronary obstruction can be up to 15.9% [15]. This means
that stroke remains one of the most common complications of TAVR
and is associated with increased mortality [16]. The etiology of post-
TAVR stroke is most commonly debris embolization during the
procedure. The histopathologic analysis of the debris varies, though
thrombus formation occurs in almost every case [17]. Though stroke
is a devastating complication of TAVR, there is little experience with
early intervention to improve outcomes and using a carotid sentinel
to catch potential distal debris didn’t show additional benefits [18].
Atrial Fibrillation may occur frequently during the peri-procedural
period of TAVR and its incidence doubles the risk of stroke in this
population [19]. Thus, intra- and postprocedural antithrombotic
therapy is required, although the regimen that best minimizes
thromboembolic events and bleeding complications has yet to be
defined. Patients undergoing TAVR with comorbid conditions
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requiring oral anticoagulation or individuals who develop AF pose
unique challenges. Antiplatelet and anticoagulant therapy should
then be carefully balanced (Table 1) [20].

Atrial Fibrillation, Burden and Types

Atrial Fibrillation is a subtype of supra ventricular tachycardia
that causes an irregularly irregular heart rhythm. AF is the most
common sustained arrhythmia characterized by documentation of
absolutely irregular RR intervals and no discernable, distinct p waves
lasting to at least 30 seconds. This leads to disorganized, rapid, and
irregular atrial activation leading to irregular ventricular response
[21]. Furthermore, prevalence increases with age and approximately
70% if individuals with AF are between 65 and 85 years of age and the
prevalence of AF is 9% in patient aged 80 years old and higher [22].
In all age groups, males are more commonly affected than females.
Despite a high prevalence of risk factors, African Americans tend
to have lower AF incidence compared to Caucasians (Figure 1). The
American Heart Association and American College of Cardiology
further classified AF as follows: Paroxysmal Atrial Fibrillation:
intermittent in nature, terminating spontaneously or within 7 days of
treatment. Persistent Atrial Fibrillation: Failure to terminate in 7 days.

Table 1: Apixaban vs. vitamin-K antagonist: 30 day outcomes.

. Apixaban Vitamin K Antagonist
Variable (n=141) (n=131) P Value
lPljlmary safety endpomt:l compo_sne of all-cause m0ﬂ§|lty, all stroke, I|fe—threa_1ten|ng l?k_eed!ng, acutg kidney 13.5% (19) 30.5% (40) <0.01
injury, coronary obstruction, major vascular complication, and valve dysfunction requiring intervention
Acute kidney injury stages 2 and 3 2.1% (3) 8.4%(11) <0.01
Life-threatening bleeding 3.5% (5) 5.3% (7) <0.01

groups, although numerically lower rates were observed.
source: (Seeger et al.)

All cause mortality, disabling and non-disabling stroke, intracerebral bleeding, and major vascular complications measure did not differ significantly between the two
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Long lasting Atrial Fibrillation: Lasting for more than 12 months.
Permanent Atrial Fibrillation: Persistent AF where rhythm strategy is
no longer pursued [23]. Another classification of AF is non-valvular
vsvalvular. The latter defines whether the disease is related to valvular
problems, replacement or repair.

Atrial Fibrillation and TAVR Patients

Given AF and aortic stenosis are strongly age-dependent, overlap
between the 2 conditions can occurs. Hence, AF has been shown to
coexist in up to 50% of patients with symptomatic aortic stenosis
undergoing aortic valve replacement . Atrial Fibrillation can be a
pre-existing comorbidity in patients undergoing TAVR, but it can
often present after the procedure [24]. It may also occur frequently
during the peri- procedural period [25]. After TAVR, AF is the most
common reason a patient will require anticoagulation. A meta-
analysis concluded that AF is common in TAVR population with
33.1% of the overall study population of 11,033 patients. 26.2% of
them had AF prior TAVR, 6.9% of them developed new onset AF [26].
PARTNER 1 trial compared trans-catheter versus surgical aortic valve
replacement in high-risk patients and found 40% of the total patients
had pre-existing AF [27] This highlights the significant prevalence
of AF in patients before they undergo aortic valve replacement. The
incidence of new-onset AF after trans-arterial valve replacement is
also important. According to expert opinion, TAVR can induce
mechanical and electrical changes during deployment leading to AF
by different mechanism as shown in (Figure 2). A study looking at
outcomes data from 13,356 patients undergoing TAVR across the
U.S. found that 1,138 patients, or 8% developed AF for the first time
after the procedure [28]. Other studies have shown the prevalence
of pre-existing AF to be also around 40%, but the incidence of new-
onset AF could be as high as 15%. Furthermore, patients who undergo
TAVR may develop structural valve dysfunction, myocardial injury
be related to leaflet thrombosis and is a culprit of stroke formation
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[29]. Atrial fibrillation, whether it is pre-existing or new onset, is
associated with worse outcomes in TAVR patients including risk of
cerebrovascular events and death. The impact of new AF on post-TAVR
patient showed an increased risk of stroke at early (odds ratio (OR) 2.1,
p<0.0001) and late follow up (OR 1.92, p<0.0001) compared to sinus
rhythm. In addition, according to the same study, there was more risk
of bleedings (OR 1.65, p=0.002) and increased risk of late stroke (OR 1.3
p 0.03) in the group with pre-existing AF in TAVR. The impact of new-
onset AF is significant, as these patients experienced a 37 percent higher
risk of death after one year, regardless of the type of AF (Table 2).

Risk factors associated with the development of new-onset AF
post-TAVR included female gender, older age, and presence of chronic
obstructive pulmonary disease. TAVR that was not performed via
the trans-femoral route was also associated with a greater incidence
of AF. Furthermore, these patients seem to be at an increased risk
of both bleeding and stroke. The risk of stroke is highest during the
sub-acute phase (days 1-30) after the procedure but is also higher at
12 months. There has been so far a large, single-center, prospecting
study evaluating the use of novel oral anticoagulants (apixaban) and
an ongoing trial using edoxaban in patients with pre-existing AF
who undergo TAVR [30]. In one of these studies comparing warfarin
against apixaban, safety endpoints measures were significantly lower
in patients receiving anticoagulation with apixaban compared to
warfarin (13.5% vs 30.5%, p=<0.01) (Table 1). A study evaluating
the impact of continued versus interrupted anticoagulation with
warfarin versus novel oral anticoagulants (NOAC) and found that
the rate of early safety events was the lowest in NOAC (13.2%) and
not increased in continued warfarin (19.7%) compared to interrupted
warfarin (23.1%). In addition, all-cause 1-year mortality was 20.1%
in interrupted warfarin, 13.7% in continued warfarin and 8.8% in
NOAC. In addition, there is currently an ongoing randomized clinical
trial assessing the benefits of edoxaban in patients undergoing TAVR
with concomitant AF, which will be the first of its kind (Table 3).

AUTOMATIC FOCUS

Figure 2: Mechanism of TAVR-induced atrial fibrillation.
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Should CHA2DS2-VASc Score be Used for Atrial
Fibrillation in TAVR Patients?

The question as to whether the CHA2DS2-VASc score should
be used in TAVR patients is one that requires further clinical
investigations via a randomized-controlled trial with appropriate
risk stratification. The CHA2DS2-VASc score is a well-validated tool
to estimate the risk of thromboembolism in patients with AF, and it
is widely used to guide decision-making regarding anticoagulation.
However, the literature is scare regarding its benefit when a
patient undergoes a TAVR and has concomitant AF. Currently, at
CHA2DS2-VASc scores of 2, there appears to be a higher risk of
bleeding compared to benefit from anticoagulation. However, the
protective effects of anticoagulation were observed with a greatest
impact on these with CHA2DS2-VASc score of 5 [31]. Most patients
undergoing TAVR with either new-onset AF or pre-existing AF have
a higher risk of stroke and thrombosis compared to their peers, and
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it is likely that these patients require a lower threshold for beginning
anticoagulation. However, this traditional tool of estimating risks
versus benefits of anticoagulation in the setting of AF have not been
validated in patients undergoing TAVR.

Current Clinical Practices for Post-TAVR with
Concomitant Atrial Fibrillation

Previous study showed that patients who develops AF after
their TAVR procedure have a higher risk of cardiovascular death,
stroke or myocardial infarction (MI) when they are compared to
patient previously with stroke prior the TAVR [32]. Nonetheless,
currently there exist no clear practice or guidelines regarding the
optimal treatment strategy for patients who develop new-onset AF
after TAVR. Neither the European Society of Cardiology (ESC) nor
the American Heart Association/American College of Cardiology
(AHA/ACC) have a recommendation or a clinical practice guideline

Table 2: New onset atrial fibrillation after TAVR registry 2011-2015.

Variable New-onset AF (n=1,138) No AF (n=12,418) P Value
In-Hospital mortality: 7.8% 3.4% <0.01
In-Hospital stroke 4.7% 2.0% <0.01

Rate of death at 1 year hazard ratio: 1.37; 95% CI: 1.19 - 1.59
Rate of stroke 1 year hazard ratio: 1.50; 95% CI: 1.14 - 1.98
Rate of bleeding 1 year hazard ratio: 1.24; 95% CI: 1.10 — 1.40
Source: (Vora et al.)

Table 3: NOAC vs. Interrupted/continued vitamin-K antagonist in Afib w TAVR: 30 day 1-year outcomes.

Variable iVKA (n=299) cVKA (n=117) NOAC (n=182) P value
Early safety at 30 days: composite of all-cause mortality, all stroke, life-threatening bleeding,

acute kidney injury stages 2 and 3, coronary obstruction requiring intervention, major vascular 23.1% (69) 19.7% (23) 13.2% (24) 0.029
complication, and valve dysfunction requiring repeat procedure

Renal failure at 30 days 15.8% (46) 9.5% (11) 7.7% (14) 0.020
1-Year mortality 20.1% 13.7% 8.8% 0.015

At 30 days, stroke and bleeding did not different between the groups.

the 1 year mortality significant benefit of noac was driven largely by a lower cardiovascular mortality compared to ivka and cvka (p=0.004).

Source: (Mangner et al.)

Transcatheter Aortic Valves
Manufacturer Edwards Lifesciences Medtronic
Valves Sapien XT Sapien 3 Evolut R
lli" ) B Syuiem
58 M, 4 o o=
Bt ¥ L — (
et
TAVR DEVICES AND THEIR CHARACTERISTICS
Device Name Valve Structure Access Route, Delivery Access positionable? | Fully
System, and Valve Size | Vessel Diameter Retrievable?
Sapien 3 (Edwards | Bovine pericardial tissue valve | TF: Edwards eSheath 2 5 mm (Sapien No No
Lifesci ) ball cobalt- 14 F (20, 23, 26 mm), 3: 23,26 mm),
chromium frame 16 F (29 mm); TA, TAo: =55 mm (Sapien 3:
Certitude 18 F (20, 23, 29 mm)
26 mm), 21 F (29 mm)
Evolut R Parcine pericardial tissue valve; | TF, TAo, TSc: EnVeo R =5mm (EvolutR: 23, | Yes Yes
Med If: ding nitinol frame 14 F outer diameter (23, | 26,29 mm) = 55 mm
26, 29, 34 mm) (Evolut R: 34 mm)
Manufacturer Edwards Lifesciences Medtronic
Benefits ® Lower delivery profile, requiring smaller - itionable to i Tt Bod
sheaths (14-20 Fr) reduce PVR
= Sealing skirt to reduce PVR
Risks = Increased risk of annulus rupture * Increased chance patient will need permanent
* Increased risk of coronary occlusions pacemaker
Similar endpoints Mortality, stroke, repeat k italizations, vascular or events, acute renal injury, impaired
valve hemodynamics, and reduced durability performance
Approved TAVR approach  TF,TA, TAo TF, TAx, TAO

Figure 3: Main types of TAVR valves and characteristics.
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Atrial Fibrillation and
TAVR Anticoagulation
and Antipletelet Therapy
Recommendations

No Atrial Fibrillation:
Plavix and Aspirin for 6
months

New-onset Atrial
Fibrillation Post-TAVR

NOAC and Aspirin

Figure 4: Suggested algorhythm for anticoagulation for TAVR with concomitant AF.

|
|
Valvular Atrial
Fibrillation?
|

‘Warfarin and Aspirin NOAC and Clopidogrel

Table 4: Trials assessing anticoagulation for TAVR with concomitant AF.

Trials

Regimen

Target population Study characteristics Outcomes

Apixaban in patients
with atrial fibrillation after
transfemoral aortic valve
replacement

(Seeger et al. 2017)

Apixaban (dose adjusted
per its instructions for use
vs. Vitamin K Antagonist
(warfarin)

The early safety endpoint
in patients with AF on
apixaban was significantly
less frequent compared to
patients receiving vitamin K
antagonists

Antiplatelet therapy was given
for 4 weeks, and restart oral
anticoagulation (either vitamin K
antagonist or apixaban) 48 hours
post-TAVR (Seeger et al. 2017)

Patients who underwent
transfemoral TAVR (n=617),
272 of which had atrial
fibrillation/new-onset AF

continued versus interrupted
oral anticoagulation during
transfemoral transcatheter
aortic valve implantation
and impact of postoperative
anticoagulant management
on outcome in patients with
atrial fibrillation

(Vora et al. 2018)

iVKA: bridged with low-
molecular weight heparin or
unfractionated heparin. VKA
restarted 24-48 hours after
TAVR

cVKA: remained during
periprocedural phase on
VKA with goal INR: 2-3
DOAC: remained on DOAC
during periprocedural
phase, last dose day before
and restarted morning after
procedure

Primary outcome measure
(rate of early safety events),
cardiovascular mortality at
30 days, all cause one-year
mortality, was significantly
lowest in DOAC compared to
iVKA and cVKA.

Patients with pre-existing AF
and on OAC at admission
(n=598) who received Trans-
Femoral-Transcatheter Aortic
Valve Replacement for severe
aortic stenosis or bioprosthetic
valve failure

Retrospective study, patients
stratified according to interrupted
Vitamin K antagonist (iVKA) versus
continued (cVKA) versus continued
direct oral anticoagulants (DOAC)
after TAVR from 1/2011-3/2016

**To be completed
November 2020

Edoxaban Versus Standard
of Care and their effects

on clinical outcomes in
patients having undergone
transcatheter aortic valve

Edoxaban 60mg/day vs.
VKA-based therapy (target
INR: 2-3)

Net adverse clinical events

Eligible patients randomized in 1:1 |(composite of all-cause

1,400 patients with an

indication for chronic
oral anticoagulation after
successful transfemoral TAVR

to experimental arm (edoxaban)
or control arm (approved vitamin
K antagonist), with antiplatelet

death, myocardial infarction,
ischemic stroke, systemic
thrombo-embolism, valve

implantation in atrial
fibrillation -ENVISAGE-
TAVI AF

(Van Mieghem et al. 2018)

thrombosis, and major
bleeding events)

therapy at discretion of physician

regarding this matter. NOAC studies are ongoing to assess benefit in this
patient population. Hence according to the current literature, warfarin
has been suggested as anticoagulant strategy of choice in the setting of
bioprosthetic aortic valve placement with AF. At this time, according
to the experts, there is no specific data to support a clear strategy. The

management currently should be done on a case basis, with evaluation of
risk factors and shared decision between patient and physician discussion
and it is either warfarin only, NOAC only or NOAC + aspirin (ASA) .
There is a need of carefully designed clinical trials to study and elaborate
furthermore on the relationship between AF and TAVR (Table 4) [33].
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Suggested Algorithm for Management of TAVR
Patients with Atrial Fibrillation

Based on some recent randomized controlled trials, transcatheter
aortic valve replacement (TAVR) has become the treatment of choice for
management of severe aortic valve stenosis regardless of patient surgical risk.
Atrial fibrillation is a common morbidity frequently found concomitantly
in patients undergoing TAVR both as a pre-existing condition and new-
onset post-procedure. The choice of anticoagulation in patients who
have undergone TAVR and have AF is lacking in robust evidence to lead
to clinical guidelines. Although there is limited data, this current review
proposes an algorithm (Figure 3) and suggests that if a patient has pre-
existing nonvalvular AF prior to TAVR, we recommend continuing NOAC
without concomitant use of antiplatelet. If a patient has new onset AF after
TAVR, we recommend stopping previous antiplatelet agent and initiate
a NOAC. If patient has valvular AF prior or after TAVR, we recommend
vitamin K antagonist therapy (International Normalized Ratio (INR) 2-3)
(Figure 4). However, further randomized trials need to better evaluate the
optimal antiplatelet and anticoagulant therapy in these patients.
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