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Abstract:
Transfemoral transcatheter aortic valve replacement (TAVR) has become an established therapeutic
option for symptomatic AS patients at the age over 65 years old regardless of their surgical risk.
With the expansion of treatment candidates into younger and lower-risk patients, valve durability
and thrombosis stay in the center of discussion. Even though hypo-attenuating leaflet thickening
(HALT), the hallmark of subclinical leaflet thrombosis (SLT), is prevalent, its clinical implication and
the effect of corresponding treatment to lower thromboembolic events are still uncertain. In addition,
antithrombotic therapy after TAVR aims to prevent valve thrombosis, but the ideal regimen and
treatment duration are still under debate. In this review article, we aim to summarize the current
evidence on HALT, discuss the current treatment options of antithrombotic therapy post-TAVR and
future aspects to understand the optimal antiplatelet/antithrombotic strategies after TAVR.
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1. Review
Since its first description by Cribier and his colleagues in 2002 [1], transcatheter aortic valve

replacement (TAVR) has undergone an accelerated period of development, revolutionizing the
treatment of patients with severe symptomatic aortic valve stenosis (AS). As supporting data emerging,
TAVR was proven to be as effective as or superior to surgery in the short- to medium-term in patients
at all levels of surgical risk [2–7]. The new ACC/AHA guideline recommends TAVR for symptomatic
AS patients who are over 65 years old and have anatomic suitability for transfemoral TAVR regardless
of surgical risk [8]. This renders TAVR as a treatment option for younger and lower-risk patients,
therefore, valve durability and thrombosis have become an important concern. Studies have reported
good durability of TAVR prostheses, for both balloon- and self-expandable valves, up to 5 years
follow-up using transthoracic echocardiography [9–12]. Five-year follow-up data from the Placement
of Aortic Transcatheter Valves (PARTNER) trial have shown stable valve hemodynamics in 348
high-risk patients (mean transvalvular gradient was 10.7 mmHg and aortic valve area was 1.6cm2)
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without occurrence of structural valve deterioration requiring surgical valve replacement (SAVR)
[12,13]. As result, the valve durability of TAVR prostheses achieves at least comparable to SAVR
prostheses. Even so, bioprosthetic valve thrombosis to cause future thromboembolic event and valve
dysfunction still remains a huge concern in TAVR patients. The preparation of bioprostheses and
procedures of TAVR could contribute the occurrence of Virchow’s triad, ie. hemodynamic changes,
endothelial injury/dysfunction, and hypercoagulability. Low cardiac output, creation of another
periprosthetic spaces [14], local flow disturbance due to large prosthetic size [15,16], and valve-in-valve
deployment [17] could cause hemodynamic flow alteration. The valve crimping [18], valve deployment
(especially in balloon-expandable valves) [19], post-dilatation in underexpanded valves [20] and the
process of recapturing and resheathing in repositionable valves could lead to irregular leaflet surfaces
and further leaflet damage. Underlying comorbidities of the patients, especially those with older age,
and degenerated/calcified aortic valve could lead to hypercoagulable state [15,21]. Therefore, early
and prompt detection of subclinical leaflet thrombosis (SLT) seem crucial to prevent possible clinical
sequelae, specifically the cerebrovascular events.

SLT, characterized by hypo-attenuated leaflet thickening (HALT) and reduced leaflet motion
(RLM) observed on computed tomography (CT), may represent a form of bioprosthetic valve
dysfunction [22–25]. The two phenomena of hypoattenuating material and significant (>50%) RLM
on 4D-CT assessment formed the bases of the definition for SLT [25]. HALT is the hallmark of SLT
and involves the periphery and base of the leaflet and extend to varying degrees to the edges of
the leaflet in the center of the bioprosthetic frame. Due to its possible clinical relevance to systemic
thromboembolic events, the clinical implication of HALT caught the attention yet remained unsettled.

While surgical prosthetic aortic valve thrombosis is associated with an increased risk of stroke
[26,27], this association is not consistently observed with the presence of HALT on TAVR prostheses [23,
24,28]. The reported rates of stroke and transient ischemic accident (TIA) in the PARTNER trial-Cohort
A ranged from 5.5% to 8.3% at 30 days and 1-year follow-up, respectively, and to 15.9% at 5 years
follow-up [4,12]. In the NOTION (Nordic Aortic Valve Intervention) trial, randomizing low surgical
risk patients to TAVR or SAVR, the rates of stroke and TIA were 2.9% and 2.1% at 1- year follow-up,
respectively [29]. Meanwhile, the incidence of HALT was 10-16% at one month, and increased to 24% at
1 year [30–32], demonstrating the discrepancy of clinical incidence between HALT and stroke/TIA. In
addition, the clinical implications of HALT, including prognostic and therapeutic, are still unsettled. In
the CT substudy of PARTNER3 trial, the presence of HALT didn’t affect aortic valve mean gradients at
30 days or 1 year, but associated with increased pooled thromboembolic event rates of stroke, TIA and
renal artery occlusion [32]. Another observational study, combining RESOLVE registry and SAVORY
registry, demonstrated SLT (HALT+RLM) was associated with increased rates of TIA and all strokes
or TIA [22]. However, other studies didn’t show the same correlation [15,16,31,33]. Therefore, these
results suggest that the source of stroke/TIA may not primarily be related to the transcatheter valve
or that the CT findings may not be sensitive enough to detect early structural changes of the valve
that can cause embolic events. As result, even though treatment with anticoagulants could alleviate or
resolve HALT, the uncertainty surrounding the clinical sequelae of HALT has led to ambiguity in its
management.

With regards to the ideal antithrombotic therapy post-TAVR, both the ESC/EACTS and
AHA/ACC guideline recommend dual-antiplatelet therapy with clopidogrel and aspirin for 3–6
months, followed by aspirin alone [34,35], though these recommendations are based on regimens
used in initial TAVR trials (Table. 1). Therefore, multiple clinical trials were conducted to answer
this important unsettled question (Table 2). Recently, both the cohort A and B of POPular TAVI trial
demonstrated regardless of the indication for oral anticoagulation (OAC), the addition of 3-month
clopidogrel on either OAC or aspirin had higher rates of bleeding without a clear benefit in terms
of reducing ischemic events after TAVR [36,37]. In the pooled cohort RARTNER2 trial, including
randomized trials and nonrandomized registries, early OAC in intermediate– or higher–surgical
risk patients after TAVR did not change rates of stroke or major bleeding after TAVR at 1 year, but
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Table 1. Current AHA/ACC and ESC/EACTS guidelines on antithrombotic therapy with TAVR

Guideline AHA/ACC 2021 ESC/EACTS 2017
Antiplatelet recommendation Dual antiplatelet therapy with

aspirin 75 to 100 mg and
clopidogrel 75 mg may be
reasonable for 3 to 6 months,
followed by lifelong aspirin
use, in patients with low risk of
bleeding (Class IIb, LOE B-NR)

Dual-antiplatelet is recommended
for 3–6 months then lifelong
single-antiplatelet therapy (Class
IIa, LOE C) Single-antiplatelet
may be considered in patients
with high bleeding risk (Class IIb,
LOE C)

Anticoagulation recommendation Anticoagulation with VKA to
achieve an INR of 2.5 may be
reasonable for at least 3 months,
followed by lifelong aspirin or
OAC (with OAC indication) use,
in patients with low bleeding risk
(Class IIb, LOE B-NR)

Oral anticoagulation is
recommended lifelong in patients
with other indications for
anticoagulation (Class I, LOE C)

Subclinical leaflet thrombosis or
clinical valve thrombosis

Initial treatment with VKA is
reasonable in patients with
stable hemodynamics and
without contraindications to
anticoagulation (Class IIa, LOE
B-NR)

Anticoagulation using VKA
and/or UFH is recommended in
bioprosthetic valve thrombosis
before considering reintervention.
(Class I, LOE C)

OAC: oral anticoagulant, UFH: unfractionated heparin, VKA: vitamin-K antagonist

was associated with a lower incidence of an increase in mean gradient >10 mm Hg over the first
year after implantation [38]. However, the GALILEO trial failed to demonstrate the clinical benefit
of add-on OAC. In this trial, treatment with medium-dose rivaroxaban plus aspirin was associated
with a higher risk of death or thromboembolic complications and a higher risk of bleeding than
dual antiplatelet therapy after TAVR [39]. Another ATLANTIS trial, which compared standard-dose
apixaban with dual-antiplatelet therapy or vitamin K antagonist (VKA) as post-TAVR treatment,
was recently presented in 2021 Conference of American College of Cardiology and demonstrated
similar result as GALILEO trial, showing apixaban use resulted in higher non-cardiovascular mortality
compared with antiplatelet use (both single and dual) among patients without an indication for
oral anticoagulant, but supporting the use of apixaban instead of warfarin among patients requiring
long-term OAC (data not published yet). Therefore, single antiplatelet or anticoagulation therapy
stays the cornerstone of antithrombotic therapy after TAVR. However, the choice of antiplatelet or
anticoagulant therapy after TAVR remains unclear in patients without indication for anticoagulant use.

Even though the causal relationship between HALT and ischemic events still needs further
investigation, this has led to ongoing debate on how to follow-up patients after TAVR and which
antiplatelet/anticoagulation regime would be more appropriate. Treatment with OAC has been
shown to be effective in treating or preventing HALT [15,23,40], whereas dual antiplatelet therapy
didn’t achieve as effective as OAC use [22]. The progression of HALT to Hypo-Attenuation affecting
Motion (HAM) didn’t occur in patients on OAC, but was reported in 22% of patients on antiplatelet
therapy [25]. In addition, HALT relapsed in half of the patients when OAC was interrupted [23].
Therefore, according to above findings, current guideline recommended OAC, particularly VKA,
is recommended for 1-6 months with close follow-up in the patients with HALT or clinical valve
thrombosis if no contraindication is present [8,41]. In patients receiving TAVR who experience a stroke
or systemic embolic event while on antiplatelet therapy, VKA anticoagulation, instead of antiplatelet
therapy may be considered after assessment of bleeding risk [8]. However, the debate of post-TAVR
antiplatelet/anticoagulation is not settled, and a patient-tailored antithrombotic therapy is suggested.
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Table 2. List of current antiplatelet/antithrombotic trials after TAVR

Trial Study
population

Duration,
months

Treatment strategy Outcome Anticipated
completion
date

ARTE 222 3 ASA vs DAPT Aspirin arm had less
major/life threatening
bleeding

Completed

AUREA 124 3 VKA vs DAPT No differences in
hemodynamics,
MACCE, TIA, stroke,
and death; less major or
life-threatening events
in ASA alone group (3
months)

Completed

GALILEO 1644 25 Rivaroxaban
10mg + ASA (3
months), followed
by rivaroxaban alone
vs. DAPT (3 months),
followed by ASA alone

Stopped prematurely
because of increased
bleeding and mortality
in the rivaroxaban
group

Completed

ATLANTIS 1510 13 Apixaban 5 mg twice
daily vs standard of
care (VKA or DAPT)

No OAC indication:
Apixaban resulted
in higher
non-cardiovascular
mortality With OAC
indication: similar
efficacy and safety
between apixaban and
VKA

Completed,
not
published
yet

POPular-TAVI
(cohort
A-no OAC
indication)

665 12 ASA vs DAPT (3
months), followed by
ASA alone

ASA has less bleeding
and MACCE+bleeding

Completed

POPular-TAVI
(cohort B- OAC
indication)

313 12 VKA vs
VKA+clopidogrel
(3 months), followed
by VKA alone

VKA alone has lower
incidence of serious
bleeding
VKA alone has less
MACCE+ bleeding

Completed

AVATAR (OAC
indication)

170 12 VKA vs VKA+ASA Pending Completed,
no results
coming
yet

ENVISAGE-TAVI
AF (OAC
indication)

1400 36 VKA vs Edoxaban Pending June 2021

ADAPT-TAVI
(no OAC
indication)

245 6 Edoxaban vs DAPT
(min. 6 months)

Pending December
20211

AF: atrial fibrillation, ASA: aspirin, DAPT: dual-antiplatelet therapy, MACCE: major adverse
cardiovascular and cerebrovascular events (composed of death from cardiovascular causes, stroke from
any cause, transient ischemic attack or myocardial infarction), OAC: oral anticoagulant (either vitamin
K antagonist or direct acting oral anticoagulant), TIA: transient ischemic attack, VKA, vitamin-K
antagonist

2. Conclusion
The mid-term durability of TAVR bioprostheses have been proved and the rate of possible valve

thrombosis is low. However, the incidence of SLT, particularly HALT, is relatively high. Current
evidences are insufficiently powered to demonstrate its relationship to hemodynamic and clinical
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endpoints, particularly cerebrovascular events. Although much uncertainty still exists in this field,
current guideline recommends treatment with OAC for clinical valve thrombosis and SLT, but the
optimal medical treatment and duration is not clear yet. Future studies are needed to address several
key clinical questions, including predictors of SLT, strategies for prevention and optimal treatment
regimens.
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