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DAPT regimen in TAVR RCT Series

• Conventional Regimen
• 6 months Clopidogrel

• Aspirin indefinitely

• Decision based on expert consensus
• “It’s like a stent”- treat like coronary or 

peripheral

• Rationale for treatment: Decrease stroke 
risk, Decrease risk for MI



Subclinical leaflet thrombosis

DAPT

Warfarin

Rivaroxaban

Apixaban

Lancet 2017;389:2383-92



DYNAMIC PATTERN OF LEAFLET THROMBOSIS

WITH ANTICOAGULANT THERAPY

Sondergaard L et al. European Heart Journal (2017) 38, 2201–2207

84 patients from the SAVORY registry (61 TAVI and 23 SAVR), in whom first and second CT scans were 
performed at 140± 152 days and 298± 141 days after valve implantation, respectively

Hypo-attenuating leaflet thickening was noted in 32 patients (38.1%), with HAM in 17 (20.2%)
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ScientificSessions.org #AHA19

GALILEO Trial
• Open label, international, multicenter, 

event-driven, randomized, controlled 
trial comparing a rivaroxaban-based 
antithrombotic strategy vs. an 
antiplatelet-based strategy post-
successful TAVR

• Primary efficacy endpoint: death, 
stroke, MI, systemic 
thromboembolism, symptomatic valve 
thrombosis, or deep venous 
thrombosis or pulmonary embolism

• Primary safety endpoint: VARC-2 
major, disabling or life-threatening 
bleeding

N=1,644

NEJM 2020 Jan 9;382(2):120-129 
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Primary Efficacy Endpoint (Intention-to-treat)
Time to death, stroke, myocardial infarction, symptomatic valve thrombosis, pulmonary embolism, deep vein 

thrombosis or systemic embolism
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Days after randomization
Number at risk

Rivaroxaban arm
Antiplatelet arm

Rivaroxaban arm vs. Antiplatelet arm

Hazard ratio, 1.35 (95% CI: 1.01-1.81); p=0.04

Rivaroxaban arm

Antiplatelet arm

105 events (9.8 per 100 person-years)

78 events (7.2 per 100 person-years)

NEJM 2020 Jan 9;382(2):120-129 



Why RCTs for TAVR Patients Failed? 
Ischemic & Bleeding Leverage Is More Complex 

in Elderly TAVR Patients

Theory

Applicable to 

Younger population

Mortality

Bleeding 
events

Ischemic 
events

Common 

Soil

Reality

Clustering effect in 
Fragile, Old Age 



What Are Next Solutions? Potential NOAC Role?

Degree of Anticoagulation

ARTE 

POPULAR-TAVI 

Cohort A

POPULAR-TAVI 

Cohort B
GALILEO

ATLANTIS

ADAPT-TAVR

ENVISAGE TAVI-AF



Edoxaban versus Dual Antiplatelet Therapy for 

Leaflet Thrombosis and Cerebral 

Thromboembolism after TAVR:

The ADAPT-TAVR Randomized Clinical Trial
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For the ADAPT-TAVR Investigators, 
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Subclinical Leaflet Thrombosis (SLT) after TAVR1-4

What Is Known? What Is Unknown?

1Makkar RR, et al. NEJM. 2015;373:2015-2024. 2Chakravarty T, et al. Lancet 2017;389:2383-2392. 3Makkar RR, et al. JACC

2020;75:3003-3015. 4Bogyi M, et al. JACC: Cardiovascular Interventions 2021;14:2643-2656.

SLT

OAC therapy

Cerebral thromboembolism

Stroke or TIA

Unknown

Causal relationship of 

SLT with cerebral embolism

SLT, subclinical leaflet thrombosis; OAC, oral anticoagulation; TAVR, transcatheter aortic valve replacement; TIA, transient ischemic attack. 



220 patients without OAC indication after successful TAVR

NOAC: 

Edoxaban 60 mg or 30 mg once daily*

(N=110)

DAPT: 

ASA plus Clopidogrel

(N=110)

Stratified randomization by (1) device type and (2) participating site

Mandatory evaluations: 

- 4D, Cardiac CT at 6-Mo after TAVR

- Serial brain MRI and neurological/neurocognitive function tests at baseline and 6-Mo

ADAPT-TAVR Trial: 
Anticoagulant versus Dual Antiplatelet Therapy for Preventing Leaflet Thrombosis 

After Transcatheter Aortic Valve Replacement

*30 mg once daily if moderate or severe renal impairment (creatinine clearance 15 – 50 mL/min), low body weight ≤60kg, or 

concomitant use of P-glycoprotein inhibitors (cyclosporin, dronedarone, erythromycin, ketoconazole). 

Study Design

Park H et al. BMJ Open. 2021;11:e042587 



Edoxaban 

group (N=111)

DAPT 

group (N=118)

Clinical characteristics

Age, years 80.2±5.2 80.0±5.3

Male sex 49 (44.1%) 47 (39.8%)

Body weight ≤60kg 55 (49.6%) 63 (53.4%) 

STS risk score 3.1±2.1 3.5±2.7

EuroSCORE II value 2.3±3.5 2.4±2.1

NYHA class III or IV 30 (27.0%) 31 (26.3%)

Diabetes mellitus 35 (31.5%) 36 (30.5%)

Coronary artery disease 32 (28.8%) 34 (28.8%)

Prior PCI 18 (16.2%) 14 (11.9%)

Prior cerebrovascular dis. 6 (5.4%) 11 (9.3%)

Peripheral artery disease 7 (6.3%) 11 (9.3%)

Chronic lung disease 25 (22.5%) 31 (26.3%) 

Creatine clearance (ml/min) 61.0±21.5 59.2±18.7

Creatine clearance ≤50 38 (34.2) 47 (39.8)

Use of low-dose edoxaban 68 (61.3%) -

Edoxaban 

group (N=111)

DAPT 

group (N=118)

Procedural characteristics

Pre-TAVR balloon angioplasty 40 (36.0%) 41 (34.8%)

Valve type

Balloon-expandable 101 (91.0%) 105 (89.0%)

Self-expandable 10 (9.0%) 13 (11.0%)

Valve-in-valve 0 (0.0) 4 (3.4%)

Transfemoral approach 110 (99.1%) 117 (99.2%)

MAC anesthesia 84 (75.7%) 92 (78.0%)

New permanent pacemaker 13 (11.7%) 13 (11.0%)

Post-TAVR echo characteristics

AV area, cm2 1.7±0.4 1.6±0.4

Mean AV gradient, mmHg 13.4±5.1 14.3±5.4

LVEF, % 64.4±10.0 64.2±9.5

Paravalvular aortic regurgitation 

Mild 105 (97.2%) 112 (97.3%)

Moderate or severe 3 (2.8%) 3 (2.7%)

Baseline Characteristics, ITT Population

AV, aortic valve; LVEF, left ventricular ejection fraction; MAC, Monitored anesthetic care; NYHA, New York Heart Association;

PCI, percutaneous coronary intervention; STS, Society of Thoracic Surgeons; TAVR, transcatheter aortic valve replacement.



Completeness of Imaging & Neurocognitive Assessment

Measurement Cardiac CT Brain MRI NIHSS mRS MoCA

Post-TAVR

(~ before Discharge)

★

(98.3%)

★

(98.3%)

★

(98.3%)

★

(98.3%)

6-Mo follow-up
★

(95.9%)

★

(96.4%)

★

(95.5%)

★

(95.5%)

★

(95.5%)

Completeness of 

serial evaluations*
95.9% 93.7% 93.7% 93.7%

NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin Scale; MoCA, Montreal Cognitive Assessment

* Completeness of imaging or neurological assessments at 6 months was estimated among eligible patients who were alive at 6 months and did not withdraw 

during follow-up.
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No. of Patients 102 109 99 105

Risk difference (%), -8.5 (-17.8; 0.7)

Risk ratio, 0.53 (0.26-1.09)

P=0.076*

Risk difference (%), -10.0 (-19.4; -0.6)

Risk ratio, 0.48 (0.23-0.99)

P=0.047*

4D-CT Primary End Points

Valve Leaflet Thrombosis, 

ITT Population

Valve Leaflet Thrombosis, 

PP Population

*P values are derived from the chi-square test or Fisher’s exact test as appropriate. The degree of hypoattenuated leaflet thickening and the severity of reduced leaflet motion were classified 

according to the standard definition (Blanke P, et al. JACC Cardiovasc Imaging. 2019;12:1-24)



MRI End Points, ITT Analysis
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Presence of 

New Cerebral Lesions

Median Number of Total 

New Lesions

Median Volume of Total 

New Lesions (mm3)
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No. of Patients 104 104 109109 104 109

1 [1, 2] 1 [1, 3]

36.6

[13.7, 145.0]

43.9

[23.5, 83.5]

P=0.40 P=0.85 P=0.88

P values are derived from the chi-square test or Fisher’s exact test as appropriate.

Median differences calculated as independent samples Hodges-Lehmann median difference estimates.
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Worsening of 

NIHSS Scale

No. of Patients 100 108 100 108 100 108

Worsening of 

Modified Rankin Scale

Worsening of 

Montreal Cognitive Assessment

Neurological & Neurocognitive End Points, ITT Analysis

P=0.74

P=0.69

P=0.20

NIHSS, National Institutes of Health Stroke Scale

P values are derived from the chi-square test or Fisher’s exact test as appropriate.

Worsening is defined as ≥1 point increase in NIHSS, ≥1 point increase in modified Rankin scale, or ≥1 point 

decrease in Montreal Cognitive Assessment scores as compared to baseline. 



Number of New Lesions 

on DWI-MRI

Number of New Lesions 

on FLAIR-MRI

Number of New Lesions 

on GRE-MRI

Number of HALT 

Per-Patient 

N 209 209 209

Spearman Rho 0.09 -0.04 -0.02 

P-Value 0.19 0.60 0.81 

Association of Severity of HALT with Extent of New Lesions on Brain MRI

HALT, hypoattenuated leaflet thickening; DWI, diffusion weighted image; FLAIR, fluid attenuated inversion recovery; 

GRE, gradient echo; MRI, magnetic resonance imaging



Serial Change of 

NIHSS Score

Serial Change of 

mRS Score

Serial Change of 

MOCA Score

Number of HALT 

Per-Patient 

N 204 204 204

Spearman Rho 0.01 0.02 0.03

P-Value 0.94 0.77 0.68

Association of Severity of HALT with Decline of Neurological Assessments

HALT, hypoattenuated leaflet thickening; NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin Scale; 

MoCA, Montreal Cognitive Assessment



Park DW, et al. Circulation 2022:April 4th, On-line

Circulation. 2022;146:466–479.



Misconception on 
Leaflet Thrombosis 
after TAVR
: NEJM Editorial for the 
GALILEO Trial



30 Years Ago, Misconception on VPBs after MI

: Deja-vu on leaflet thrombosis after TAVR

Ventricular premature 

repolarization are a risk factor for 

sudden and nonsudden cardiac 

death after MI



Misconception Refuted by RCT



Current VHD Guidelines

2021 ESC/EACTS Guidelines

VHD, Valvular Heart Disease

2020 ACC/AHA Guidelines

Our ADAP-TAVR trial results strongly support “current VHD guidelines in 

TAVR patients without OAC indication”

“Simpler is Best” 



Clinical Key Messages from the ADAPT-TAVR 

• Subclinical leaflet thrombosis has not been proven to affect the clinical 

outcomes for patients who underwent TAVR. 

• The absence of adverse clinical sequelae of imaging-detected subclinical 

leaflet thrombosis does not support (1) routine imaging screening tests for 

the detection of this phenomenon and (2) imaging-guided antithrombotic 

strategies in cases without hemodynamic or clinical significance.

• If subclinical leaflet thrombosis is not clinically relevant phenomenon, 

“less-is-more” concept of antithrombotic strategy would be optimal 

management for TAVR patients - this was adopted in current guidelines


