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Apixaban Versus Standard
of Care After TAVI

Insight on the role of oral anticoagulation as default antithrombotic strategy after

transcatheter aortic valve implantation.

By Antonio Greco, MD, and Davide Capodanno, MD, PhD

ranscatheter aortic valve implantation (TAVI)

is a viable treatment option for a substantial

proportion of elderly patients with symptomatic

severe aortic stenosis."” However, patients
undergoing TAVI are exposed to the theoretical risk of
periprocedural and long-term thromboembolic com-
plications, including myocardial infarction (MI), stroke,
systemic embolism, and bioprosthetic valve thrombo-
sis.#® Contributing factors to such adverse events involve
platelet aggregation and/or the coagulation cascade®
Targeting the underlying pathophysiologic mechanisms
through antithrombotic medications (ie, antiplatelet and
anticoagulant drugs) is of crucial importance to reduce
the incidence of TAVI-related thromboembolic compli-
cations.”" In about one-third of TAVI patients, this risk
is further increased by comorbidities or circumstances
that require long-term oral anticoagulation (OAC), such
as atrial fibrillation, mechanical valve prosthesis, deep
vein thrombosis (DVT), and pulmonary embolism (PE).8
Unfortunately, stacking antithrombotic drugs, for
instance by using antiplatelet and anticoagulant agents
to target platelet- and fibrin-mediated mechanisms
of thrombus formation, is not an option in the elderly
population who are currently offered TAVI due to a sig-
nificant increase in the risk of fatal and life-threatening
bleeding events.'>'3

BACKGROUND

The optimal antithrombotic regimen after successful
TAVI is controversial. Early small randomized clinical trials
(RCTs) and their meta-analyses were intended to support

the use of dual antiplatelet therapy (DAPT) but consis-
tently displayed no difference between DAPT and single
antiplatelet therapy (SAPT) with respect to thrombotic
and ischemic outcomes, while SAPT was associated with

a reduction in bleeding complications.'*"” In 2017, joint
guidelines on the management of valvular heart disease
(Figure 1) by the European Society of Cardiology and the
European Association for Cardio-Thoracic Surgery recom-
mended a 3- to 6-month course of DAPT followed by life-
long SAPT (class of recommendation [COR] 2a, level of evi-
dence [LOE] C) for patients undergoing TAVI. An upfront
SAPT strategy was more weakly recommended for patients
at high bleeding risk (COR 2b, LOE C)."™ On the other side,
lifelong OAC without any antiplatelet therapy was recom-
mended for TAVI patients with an established indication
for OAC (COR 1, LOE C).”® Notably, these recommenda-
tions relied mostly on observational studies and experts’
opinions, resulting in a low-grade LOE. Consequently, the
number of RCTs increased over the last few years to pro-
vide more evidence-based knowledge on the topic.

The advent of new-generation bioprostheses and the
extension of TAVI referral to lower-risk patients have
likely modified the ratio between ischemia and bleed-
ing, prompting the design of trials that focus on more
conservative (“less is more”) approaches. In this con-
text, the stratified cohort A of the POPular-TAVI trial,
which included 665 patients without an indication for
long-term OAC, showed a greater reduction in 1-year
bleeding (risk ratio [RR], 0.57; 95% Cl, 0.42-0.77; P = .001)
and net adverse cardiovascular events (RR, 0.74; 95% Cl,
0.57-0.95; P = .04) when comparing SAPT versus DAPT
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VKA for at least 3 months

after TAVI.

Figure 1. Summary of societal guidelines on antithrombotic therapy management after successful TAVI. *Patients who
received a bioprosthetic valve more than 3 months ago; §Patients with new-onset atrial fibrillation within 3 months

with aspirin and clopidogrel for the initial 3 months. In
addition, SAPT was noninferior to DAPT with respect
to the composite of cardiovascular death, MI, and isch-
emic stroke (difference, 0.2%; 95% Cl for noninferiority,
—4.7 to 4.3; P = .004; RR, 0.98; 95% Cl for superiority,
0.62-1.55; P = .93)." Similarly, cohort B of the POPular-
TAVI trial randomly assigned 313 TAVI patients with a
baseline indication for long-term OAC to receive OAC
alone or OAC plus 3 months of clopidogrel.®® At 1 year,
OAC alone significantly reduced the incidence of bleed-
ing (RR, 0.63; 95% Cl, 0.43-0.90; P = .01) and net adverse
cardiovascular events (RR, 0.69; 95% Cl, 0.51-0.92) com-
pared to OAC plus clopidogrel.

Meanwhile, concerns of subclinical leaflet thrombo-
sis and clinical bioprosthetic valve thrombosis led to
investigations on the preventive role of OAC in patients
who did not require OAC due to a pre-existing condi-
tion.?! The GALILEO trial randomized 1,644 patients to
receive rivaroxaban 10 mg daily plus 3-month aspirin
or aspirin plus 3-month clopidogrel.?? The trial was
prematurely stopped by the data and safety monitoring
board due to higher rates of the composite of death or
first thromboembolic event in the rivaroxaban group
(hazard ratio [HR], 1.35; 95% Cl, 1.01-1.81; P = .04),
paralleled by a numerical increase in major, disabling,

or life-threatening bleeding (HR, 1.50; 95% Cl, 0.95-2.37;
P =.08). However, in the GALILEO-4D substudy, a riva-
roxaban-based antithrombotic strategy outperformed
an antiplatelet-based strategy for the prevention of
subclinical valve dysfunction.” Using a softer endpoint
and a lower-risk cohort of patients without a baseline
indication to OAC, the small LRT 2.0 trial suggested
a significant benefit of the combination of vitamin K
antagonist (VKA) and aspirin compared with aspirin
alone for the prevention of 30-day valve dysfunction
(odds ratio, 4.8; 95% Cl, 1.3-18.3; P = .014), without any
concomitant increase in bleeding (P = .64).24
Incorporating the new evidence in the field of anti-
thrombotic therapy after TAVI, updated guidelines on
the management of valvular heart disease (Figure 1)
were jointly issued in 2020 by the American College of
Cardiology (ACC) and the American Heart Association.?®
SAPT was set as the reference strategy for the majority
of TAVI patients without an established indication for
OAC (COR 23, LOE B), whereas low-bleeding-risk patients
were the target for more intense strategies, including
3- to 6-month DAPT (COR 2b, LOE B) or 3-month VKA
(COR 2b, LOE B). In addition, building on the evidence
from the GALILEO trial, low-dose rivaroxaban on top
of aspirin was formally contraindicated in patients who
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Figure 2. ATLANTIS trial design. ¥2.5-mg bid if creatinine clearance is 15 to 29 mL/min, concomitant antiplatelet therapy
(recent ACS or PCI), or two of the following: age = 80 years, weight < 60 kg, or creatinine = 1.5 mg/dL (133 pMol/L).

do not require OAC (COR 3, LOE B).22 Conversely, in
patients with an established indication for OAC, direct
OACs (DOACs) were introduced as a valid option (COR 1,
LOE A) starting from 3 months after TAVI, while VKA was
recommended (COR 2a, LOE B) for the first 3 months.?®

THE ATLANTIS TRIAL

ATLANTIS was a multicenter, open-label, random-
ized, superiority trial designed to compare apixaban to
standard of care in patients with or without baseline
OAC after successful TAVI (Figure 2). The major exclu-
sion criteria were end-stage renal disease, unsuccessful
TAVI requiring reintervention, ongoing major bleeding or
vascular complication, and any condition requiring spe-
cific antithrombotic therapy (eg, recent coronary stent-
ing, mechanical valve, severe mitral stenosis). Patients
randomly allocated to the investigational arm received
apixaban 5 mg twice daily (reduced to 2.5 mg twice daily
per instructions for use and based on renal function, age,
weight, or concomitant antiplatelet therapy). The con-
trol group was administered either VKA (in patients with
an established indication for OAG; stratum 1) or SAPT/
DAPT (in patients without an established indication for
OAG; stratum 2). The primary endpoint was the 1-year
composite of death, MI, stroke, systemic embolism, intra-

VOL

cardiac or bioprosthesis thrombus, DVT or PE, and life-
threatening, disabling, or major bleeding.?®

The ATLANTIS trial, which was presented as a late-
breaking trial scientific session at the 2021 ACC confer-
ence, is unpublished at the time of writing this article.’”
The trial enrolled 1,500 patients, of which approximately
one-third required long-term OAG; 749 patients were
assigned to the experimental arm and 751 to the standard
of care arm (228 in stratum 1, 523 in stratum 2). Follow-
up completion rates were similar between the groups
(86.0% in the apixaban group vs 85.1% in the control
group). Figure 3 summarizes the main results of the trial
as reported by the investigators at ACC. There was no
between-groups difference in the incidence of the com-
posite primary endpoint (HR, 0.92; 95% Cl, 0.73-1.16), even
in a post hoc sensitivity analysis excluding valve thrombo-
sis, which is an outcome particularly sensitive to ascertain-
ment (HR, 1.12; 95% Cl, 0.88-1.44). These findings were
confirmed in subgroup analyses of patients with an estab-
lished indication to OAC (HR, 1.02; 95% Cl, 0.68-1.51 for
the primary endpoint; HR, 1.06; 95% Cl, 0.71-1.58 excluding
valve thrombosis) or without an established indication to
OAC (HR, 0.88; 95% Cl, 0.66-1.17 for the primary endpoint;
HR, 1.16; 95% Cl, 0.85-1.60 excluding valve thrombosis).
Notably, there was no significant statistical interaction
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Study endpoint HR (95% CI)
Primary endpoint
Primary endpaint - OAC
Primary endpaint - no OAC
Primary endpoint without valve thrombosis
Primary endpoint without valve thrombosis - OAC
Primary endpoint without valve thrombosis - no OAC
All-cause death
All-cause death - OAC
All-cause death - no OAC
Cardiovascular death
Cardiovascular death - no OAC

0.92 (0.73-1.16)
1.02 (0.68-1.51)
0.88 (0.66-1.17)
1.12 (0.88-1.44)
1.06 (0.71-1.58)
1.16 (0.85-1.60)
1.39 (0.92-2.09)
1.04 (0.58-1.86)
1.86 (1.04-3.34)
142 (0.87-2.32)
142 (0.69-2.94)

Non-cardiovascular death 1.33 (0.63-2.77)
Non-cardiovascular death - no OAC 2,99 (1.07-8.35)
Death, MI, any stroke/TIA 1.32 (0.95-1.85)

Death, MI, any stroke/TIA - OAC
Death, MI, any stroke/TIA - no OAC

1.13 (0.67-1.91)
1.48 (0.96-2.30)

Death, any stroke/TIA or systemic embolism 1.35 (0.96-1.90)
Death, any stroke/TIA or systemic embolism - OAC 1.09 (0.64-1.85)
Death, any stroke/TIA or systemic embolism - no OAC 1.56 (1.01-2.43)

M 1.22 (0.37-4.00)

Stroke/TIA 1.38 (0.78-2.44)

Systemic embolism 0.65 (0.11-3.91)

Valve thrombosis 0.23 (0.11-0.50)
Valve thrombosis - OAC 0.67 (0.11-4.04)
Valve thrombosis - no OAC 0.19 (0.08-0.47)

Intracardiac thrombosis 1.11 (0.22-5.54)

DVT-PE 0.09 (0.01-0.72)

Primary safety endpoint 1.02 (0.72-1.44)

Primary safety endpoint - OAC
Primary safety endpoint - no OAC

0.92 (0.52-1.60)
1.09 (0.69-1.69)

Life-threatening bleeding 1.06 (0.55-2.02)
Major bleeding 1.06 (0.55-2.02)
Minor bleeding 0.91 (0.66-1.26)

Minor bleeding - OAC

Minor bleeding - no OAC
Any bleeding

Any bleeding - OAC

Any bleeding - no OAC

0.79 (0.44-1.39)
0.96 (0.65-1.42)
1.05 (0.85-1.30)
1.05 (0.73-1.51)
1.04 (0.80-1.35)

Figure 3. Results of the ATLANTIS trial. Green and blue stripes indicate subgroups with and without an established
indication for long-term OAC, respectively. TIA, transient ischemic attack.

between the treatment effect of apixaban and the baseline
requirement for OAC with respect to the primary end-
point (P = .57). In the analysis of secondary ischemic out-
comes, no significant differences were noted between the
experimental and the control groups, with the exceptions
of reduced valve thrombosis (HR, 0.23; 95% Cl, 0.11-0.50)
and DVT/PE (HR, 0.09; 95% Cl, 0.01-0.72) with apixaban.
Safety analyses showed similar rates of the composite of
life-threatening, disabling, or major bleeding (HR, 1.02;
95% Cl, 0.72-1.44), as well as of its individual components.
No differences between the apixaban and VKA groups
were noted in the subgroup analyses of patients requir-
ing long-term OAC (green stripes, Figure 3). Conversely,
among patients without an established indication for OAC
(blue stripes, Figure 3), apixaban was associated with safety
concerns, although there was a significant reduction in
valve thrombosis (HR, 0.19; 95% Cl, 0.08-0.47). These safety
concerns included an increased rate of all-cause death

(HR, 1.86; 95% Cl, 1.04-3.34), which was driven by a higher
incidence of noncardiovascular death (HR, 2.99; 95% Cl,
1.07-8.35). Notably, these findings should be interpreted
with caution as they belong to exploratory analyses of a
trial with neutral results for the primary endpoint.

ATLANTIS: Nuts and Bolts

Interpreting ATLANTIS should follow a multistep approach
that takes into account several methodologic and statisti-
cal aspects and distinguishes patients with and without an
established indication for long-term OAC. Notwithstanding
the presence of an independent blinded clinical events com-
mittee, the open-label design exposes the trial to risk of bias,
including ascertainment bias. Also, the results of ATLANTIS
apply to a population of old and high-risk TAVI patients. For
easier interpretation of the treatment effect of apixaban, it can
be useful to separately analyze the two strata of the trial.

Although apixaban failed to demonstrate a clear benefit
as compared to VKA in stratum 1 (patients who need
OAC), there were no safety concerns. This makes both
strategies plausible and potential alternative options. Based
on previous trials, apixaban is known to have a good safety
profile and is easier to use compared with VKA. Therefore,
the lack of significant differences between apixaban and
VKA in the ATLANTIS trial is not a practice-changing find-
ing. However, it does provide evidence in support of the
current use of DOACs in TAVI patients who require OAC
for other reasons.2?° This topic will be the objective of
the upcoming ENVISAGE-TAVI AF trial (NCT02943785),
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TABLE 1. DEFINITIONS OF VALVE-ORIENTED OUTCOMES
ASSESSED BY FOUR-DIMENSIONAL CT

Hypoattenuated Leaflet Thickening

Grade 0 No leaflet thickening 0%
Grade 1 Minimal leaflet thickening 0%-25%
Grade 2 Mildly thickened leaflet 25%-50%
Grade 3 Moderately thickened leaflet 50%-75%
Grade 4 Severely thickened leaflet > 75%
Restricted Leaflet Motion

Grade 0 Normal leaflet opening 0%

Grade 1 Minimally restricted motion 0%-25%
Grade 2 Mildly restricted motion 25%-50%
Grade 3 Moderately restricted motion 50%-75%
Grade 4 Largely immobile leaflet > 75%

where another DOAC (edoxaban) will be tested against
VKA in TAVI patients with atrial fibrillation.*® The results
of ENVISAGE-TAVI AF are soon awaited within 2021.
Stratum 2 of ATLANTIS can be seen as a second trial of
DOAC versus antiplatelet therapy in patients without an
established indication for OAG, albeit with no sufficient
statistical power for this comparison. In this perspective,
it shares with GALILEO the failure of a DOAC-based
strategy in reducing the primary outcome—although
without evidence of harm with apixaban. The two trials
targeted a similar TAVI population, but the intervention
was quite different for several reasons. First, beyond test-
ing a different DOAC (apixaban instead of rivaroxaban),
ATLANTIS used the recommended dose for the preven-
tion of cardioembolic stroke in patients with nonvalvular
atrial fibrillation, whereas GALILEO explored low-dose
rivaroxaban (10 mg daily) along with aspirin. Second, the
control strategy differed. GALILEO used 3-month DAPT
followed by aspirin alone, while the control group in stra-
tum 2 of ATLANTIS consisted of SAPT/DAPT according
to local practice. Third, the primary endpoint in GALILEO
was a composite of all-cause death or thromboembolic
events (including stroke, MI, symptomatic valve throm-
bosis, systemic embolism, DVT, or PE), whereas the pri-
mary endpoint in ATLANTIS also included bleeding. The
high rate of DAPT (approximately 80%) in the control
group of ATLANTIS stratum 2 probably contributed to
the lower ischemic outcomes while also increasing bleed-
ing, thereby impacting the treatment effect of apixaban.
Consistent with GALILEO, ATLANTIS demonstrated a
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higher rate of noncardiovascular death with the experi-
mental strategy. However, such events were mainly due
to sepsis or end-stage renal disease, without any corre-
sponding increase in bleeding or ischemic complications.
In conclusion, despite the absence of any benefit from
the investigational strategy, the lack of safety concerns
with apixaban versus VKA is reassuring, awaiting the
ENVISAGE TAVI AF results. Conversely, antiplatelet
therapy (and particularly SAPT with aspirin based on
previous trials) seems to be the right standard for TAVI
patients without an established indication for OAC.

ATLANTIS FOUR-DIMENSIONAL-CT
SUBSTUDY

The main objectives of the four-dimensional CT (4D-CT)
ATLANTIS substudy were to investigate the incidence of
bioprosthetic valve thrombosis at 3 to 6 months and deter-
mine the treatment effect of apixaban in preventing this
outcome. Secondary aims were to explore the potential for
an interaction based on baseline requirement for long-term
OAC and assess the relationship between bioprosthetic
valve thrombosis and clinical outcomes at 1 year. To pursue
these goals, the investigators used information from 4D-CT
scans. This investigation was mandatory per protocol to
identify subclinical leaflet thrombosis, which was part of the
primary endpoint of the trial. However, complete 4D-CT
scans were performed in 762 patients (50.8%), of which
370 were randomized to apixaban (95 in stratum 1; 275 in
stratum 2) and 392 to standard of care (109 in stratum 1;
283 in stratum 2). The primary endpoint of the 4D-CT
substudy was the composite of restricted leaflet motion
(RLM\) grade 3 to 4 or hypoattenuated leaflet thicken-
ing (HALT) grade 3 to 4 (Table 1).3" Secondary endpoints
included valve thrombosis; valve area; RLM grade 3 to 4;
composite of death, M|, stroke or peripheral embolism;
and composite of death, M|, or stroke/transient ischemic
attack at 1 year. Apixaban did not reduce the incidence of
the substudy primary outcome as compared to standard of
care (HR, 0.65; 95% Cl, 0.41-1.04), but a significant interac-
tion of the treatment effect of apixaban versus the baseline
indication for long-term OAC was observed (P for interac-
tion = .03). Although apixaban failed in the prevention of
leaflet dysfunction when compared to VKA in patients
with an established indication for OAC (HR, 1.80; 95% Cl,
0.62-5.25), there was a 49% reduction of the substudy pri-
mary endpoint with apixaban versus antiplatelet therapy
in patients who did not require baseline OAC (HR, 0.51;
95% Cl, 0.30-0.86). Similar results were found with respect
to secondary outcomes (ie, thrombus or HALT grade 3-4).
These findings were consistent with those from GALILEO-
4D, suggesting that OAC, either by VKA or DOAC, might
be an effective treatment option to reduce the risk of
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subclinical valve thrombosis in patients with no baseline
indication.23 However, it is still unknown whether such
valve-oriented outcomes are mere imaging findings or if
they translate into adverse clinical events or premature
structural valve dysfunction and reduced valve durability.?
The latest Valve Academic Research Consortium defini-
tions clearly distinguished two entities: subclinical leaflet
thrombosis and clinically significant valve thrombosis. The
former often resolves without any specific treatment.?’
Importantly, ATLANTIS and GALILEO showed hints of
benefit in the prevention of subclinical leaflet thrombosis
with a DOAC-based regimen in patients with no baseline
indication for OAG; however, the results on hard clinical
endpoint were negative, thus preventing a large-scale adop-
tion of such strategies. Interestingly, patients with RLM or
HALT > grade 3 at 90 days presented a higher risk of 1-year
ischemic outcomes compared to patients without relevant
leaflet dysfunction (HR, 1.58; 95% Cl, 0.77-3.21), although
this figure was not statistically significant. This signal should
not be overlooked, and further efforts should be made to
identify high-risk patients (eg, small aortic valve annulus,
valve-in-valve procedures) to adopt personalized preven-
tive strategies or at least serial CT imaging follow-up.

CONCLUSION

The ATLANTIS trial investigated the role of apixaban
as a default antithrombotic strategy after successful
TAVI in patients with and without an established indica-
tion for long-term OAC. The results of this trial do not
support apixaban as the standard of care for all TAVI
patients. However, continuing apixaban in those requir-
ing long-term OAC who are already on this drug at the
time of TAVI seems to be a reasonable strategy. B
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