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Timing of Cerebrovascular Events after TAVR 

Stortecky et al – Circulation 2012; 126:2921-4 





Antithrombotics in Most Recent Trials 

PARTNER-3 Evolut Low Risk 



Why DAPT Post-TAVR? 

• 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 



Normal leaflets Thickened leaflets with thrombus 

Systole Systole 

Diastole Diastole 

Makkar RR et al. N Engl J Med 2015;373:2015-2024 

4D-CT after TAVR 



Subclinical Leaflet Thrombosis in SVR and TAVR 
: 2 Observational Registry 

Chakravarty T, et al. Lancet. 2017 Mar 19. 

657 patients underwent CTs  

in the RESOLVE registry 

Cedars-Sinai Medical Center, Los Angeles 

931 patients undergoing CTs 

890 patients with interpretable CT 

RESOLVE registry: 626 patients 

SAVORY registry: 264 patients 

Median time from AVR to CT 83 days (IQR 32-281 days) 

138 SAVR 

Median time from SAVR to CT 

162 days (IQR 79–417 days) 

752 TAVR 

Median time from TAVR to CT 

58 days (IQR 32–236 days) 

274 patients underwent CTs  

in the SAVORY registry 

Rigshospitalet, Copenhagen 

Time from TAVR to CT vs. SAVR to CT: p<0.0001 



Prevalence of reduced leaflet motion 

SAVR:  

3.6% (5 out of 138) 

TAVR: 

13.4% (101 out of 752) 

Chakravarty T, et al. Lancet. 2017 Mar 19.  

TAVR vs. SAVR: p=0.001 

Reduced leaflet motion 106 

(11.9%) patients 



Chakravarty T, et al. Lancet. 2017 Mar 19.  

Anticoagulation vs. antiplatelet therapy 

Analysis of Antithrombotic Regimen 



Impact of initiation of anticoagulation  

on reduced leaflet motion 

• Resolution in 36  

out of 36 patients  

treated with   

anticoagulation  

(NOACs, n=12;  

warfarin, n=24) 

• Persistence in 20 out 

of 22  patients not 

treated  with  

anticoagulation 



 

 

 

 

 

 
 

Non-procedural 

events 

Normal leaflet motion 

(N=784) 
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Reduced leaflet motion 

(N=106) 
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HR 

(95% 

CI) 

 
p-

value 

Death 34/784 

(4·3%) 

2· 91 4/106 (3·8%) 2· 66 0· 96 (0· 34-2· 72) 0· 94 

Myocardial 

infarction 

4/784 (0· 5%) 0· 34 1/106 (0· 9%) 0· 67 1· 91 (0· 21-17·08) 0· 56 

Strokes/TIAs 20/784 

(2·6%) 

1· 75 8/106 (7·6%) 5· 71 3· 30 (1· 45-7· 50) 0· 004 

All strokes* 15/784 

(1·9%) 

1· 31 4/106 (3·8%) 2· 75 2· 14 (0· 71-6· 44) 0· 18 

Ischemic strokes 14/784 

(1·8%) 

1· 22 4/106 (3·8%) 2· 75 2· 29 (0· 75-6· 97) 0· 14 

TIAs 7/784 (0·9%) 0· 60 5/106 (4·7%) 3· 48 5· 89 (1· 87-18· 60) 0· 002 

Clinical Impact of Leaflet Thrombosis 

Only non-procedural events (>72 hours post-TAVR/SAVR) included 



Current 2017 ACC/AHA Guideline 



Bioprosthesis Class Level 

Anticoagulation 

DAPT should be considered for the first 3–6 months after 
TAVR, followed by lifelong SAPT in patients who do not 
need OAC for other reasons. 

IIa C 

Bioprosthesis Class Level 

Anticoagulation 

SAPT may be considered after TAVR in  
the case of high bleeding risk. IIb C 

OAC may be considered for the first 3 months after 
surgical implantation of an aortic bioprosthesis. IIb C 

Baumgartner et al., Eur Heart J 2017;38:2739 

Current 2017 ESC Guideline 



Antithrombotic Trials After TAVR  

Omission of Clopidogrel 

- ARTE Trial 

- POPular TAVI Trial 

- CLOE Trial 

NOAC Trial 

- GALILEO Trial 

- ATLANTIS Trial 

- ENVISAGE TAVI-AF Trial 

- ADAPT-TAVR Trial 



222 Patients undergoing 
TAVR randomized 

111 Randomized to receive aspirin 
109 Received intervention as randomized  
2 Did not receive the allocated treatment  

(clopidogrel prescribed by the physician 
responsible for the patient) 

111 Randomized to receive aspirin + clopidogrel 

110 Received intervention as randomized 

1 Did not receive the allocated treatment  
(clopidogrel never started) 

111 included in primary analysis 111 included in primary analysis 

3-month follow-up  
0 Lost to follow-up 

3-month follow-up  
0 Lost to follow-up 

ARTE Trial 



Kaplan-Meier Curves (Combined Endpoint) 

Aspirin + Clopidogrel  

Aspirin 



Death Myocardial infarction (MI) 

Kaplan-Meier Curves (Ischemic, Bleeding Events) 

Major or life-threatening bleeding Stroke or TIA 

Aspirin + Clopidogrel 

     Aspirin 

Aspirin + Clopidogrel 

     Aspirin 

Aspirin + Clopidogrel 

     Aspirin 

Aspirin + Clopidogrel 

     Aspirin 



Ongoing Trials 

: Popular-TAVI (N=1,000) 
To test if monotherapy with aspirin or OAC vs additional clopidogrel after 
TAVI reduces bleeding with a favorable net-clinical benefit. 



Successful TAVR in the STS/SCC TVT Registry n=4,000  

CLINIC FOLLOW-UP: 1, 6, 12 Months 

Secondary Endpoints 
• Single Component of the 

Primary Efficacy and Safety 

Endpoints at 6 and 12 months 

• Net Adverse Clinical Events: the 

composite of the primary 

efficacy or safety endpoint. 

• Bleeding endpoint as per the 

TIMI and ISTH definitions 

Primary Efficacy Endpoint            
(6 Months)                                       

Composite of Death, Stroke, MI, 
Valve Thrombosis or Systemic 

Thromboembolism 

Ancillary Studies 
• Cost-Effectiveness  
• QoL  
• Frailty  
• CTA Leaflet Substudy 
• MRI Brain Substudy 

Minimum duration of randomized therapy 6 months 

Primary Safety Endpoint 
Major / Life-Threatening VARC-2 Bleeding 

1:1 Randomization 

Control Arm 

[No-Clopidogrel] 
Stratum 1: Aspirin (81 mg qD) 

Stratum 2: Warfarin (INR 2–3) or a NoAC 

Treatment Arm 

[ +Clopidogrel ] 
Stratum 1: Clopidogrel (75 mg qD) + 

Aspirin (81 mg qD)  
Stratum 2:  Clopidogrel (75 mg qD) + 

Warfarin (INR 2–3) or a NoAC 

The CLOE Trial – Study Scheme (NHLBI, NIH submission) 
Dangas, Mack, Gelijns, Moskowitz, Parides, Mehran, Marx et al 



However, no oral anticoagulants in the 

factor Xa or IIa inhibitor class are 

approved for use following TAVR. 

Oral Anticoagulants for TAVR 



GALILEO Trial 

3 Mo 





GALILEO Trial,  
Preliminary Results After An Early Peak 

Rivaroxaban Antiplatelet 

A first thromboembolic events 11.4% 8.8% 

Death  6.8% 3.3% 

Primary bleeding 4.2% 2.4% 

Final results of the study are expected in the 

first quarter of 2019. 



Why Failed GALILEO?   
Rivaroxaban Effect? 

Medicare data 
JAMA Intern Med. 2016;176:1662-1671. 

Danish registry 
BMJ 2016;353:i3189 Any bleeding Major bleeding Taiwan registry 

J Am Coll Cardiol 2016;68:1389–401. 



R 15mg qd Aspirin 

Patients with ESUS (n=7213) 

All recurrent stroke or SE 

• NAVIGATE ESUS trial  
• Embolic stroke of undetermined stroke 

(ESUS): non-lacunar brain infarcts without 

substantial proximal arterial stenosis or major 

cardioembolic sources 

• Represents 80-90% of cryptogenic stroke  

Why Failed GALILEO?   
Rivaroxaban Effect in Non-AF Patients? 

N Engl J Med 2018; 378:2191-2201 



NOAC in NON-AF Patients 

• Expanded Rivaroxaban Indication 

- Stable CAD or peripheral vascular disease (O?): 

COMPASS  

- CAD + HF (X): COMMANDER HF   

- ESUS (X): NAVIGATE-ESUS  

- Extended Thromboprophylaxis (X): MARINER 

 

• NOAC is not beneficial, but associated with 

excessive risk of bleeding in patients without 

AF other than COMPASS indication 



Why Failed GALILEO?   
Aspirin Effect (added to NOAC) ? 

Key Lesson from the AUGUSTUS Trial 

N Engl J Med 2019, March 7. 



Why Failed GALILEO?   
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  



Common sense approach in 2019 
(till we have guidance from clinical trials) 

•No reason to rush to 
anticoagulate 



Ongoing Trials 

: ATLANTIS  



- ENVISAGE Trial – Current Status  ̴ ̴ 700 pts 

RANDOMIZE 1:1  

1-7 Days after the procedure 

Background Tx: Single Antiplatelet Therapy as per 

treating MD discretion (Stratification Variable) 

Minimum duration of randomized therapy 12 months 

EDOXABAN 60mg po daily 

Adjustment to 

30mg for low eGFR etc  

Warfarin (target INR 2-3) 

CLINICAL FOLLOW-UP: 1, 6, 12 Months 

Secondary Endpoints 
All-cause Death, MI, Stroke or TIA, 

VARC-2 Life-threatening (LT) bleeding 

and Major bleeding 

Primary Safety Endpoint: 

Major Bleeding 

 

Primary Endpoint - NACE 
[Composite of Death, MI, Stroke, TIA, systemic 

thromboembolism or VARC-2 Life-threatening 

(LT) or Major bleeding] 

Ancillary Studies 
• Cost-Effectiveness  

• QoL substudy 

Successful TAVR n=1400 
Patients With an Indication to Chronic Oral Anticoagulation  

PIs: G. Dangas, N. vanMieghem 



Trial Design: ADAPT-TAVR Trial 

Seung-Jung Park (Trial Chair)  

 Duk-Woo Park (Trial Co-chair) 



Study endpoints 

Primary 

The primary study end points were pre-defined; 

Incidence of leaflet thrombosis on 4-
dimensional, volume-rendered cardiac CT 
imaging at 6 months 



Study endpoints 

Secondary 

• Number of new lesions on brain DW-MRI scans at 6 months  relative 
to immediate post-TAVR 

• Death (all-cause, cardiovascular, or non-cardiovascular mortality) 

• MI 

• Stroke or TIA (disabling or non-disabling) 

• Bleeding event (life-threatening or disabling, major bleeding, or minor 
bleeding) 

• Echocardiographic parameter (the mean transaortic valve PG and 
velocity time integral ratio at baseline and 6-month follow-up). 

• New lesion volume on MRI scans 

• Neurological and neurocognitive function 

 

*All clinical endpoints are adjudicated according to the VARC-2 definition 
and the NeuroARC definition 



Neurological and Neurocognitive 
function assessment  

• All study subjects will undergo detailed 
neurologic and cognitive assessment at 1-7 
days (baseline) and 6 months (follow-up). 

 

• Neurologic assessments included standard 
clinical scales (the National Institutes of Health 
Stroke Scale [NIHSS] and the modified Rankin 
Scale [mRS]), and cognitive assessments 
included the Montreal Cognitive Assessment 
(MoCA).  







Summary 
: Antithrombotic Strategy After TAVR 

• TAVR patients have multiple thrombotic- and bleeding-

related comorbidities.  

• The choice and duration of antithrombotic treatment after 

TAVR still remains a matter of hot debate. 

• The optimal anticoagulation after all bioprosthetic valves 

(especially transcatheter) is under active investigation with 

the findings of frequent HALT with or without HAM after 

TAVR. 

• GALILEO was failed, yet the role of NOAC after TAVR and 

any difference between available NOACs will be supported 

by ongoing consecutive RCTs such as ATLANTIS, 

ENVISAGE TAVI-AF, and ADAPT-TAVR Trial.  


