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Objectives

- Describe the risk of ischemic events and bleeding in patients
undergoing transcatheter aortic valve replacement (TAVR).

- Assess current guideline recommendations for anti-thrombotic therapy
in patients post-TAVR.

- Evaluate the most recent trials investigating the optimal antithrombotic
regimen in patients post-TAVR.

- Analyze a given patient and formulate the optimal antithrombotic
regimen post-TAVR based on the most recent literature.



Common Abbreviations

- TAVR: Transcatheter Aortic Valve Replacement

- TAVI: Transcatheter Aortic Valve Implantation

- ASA: Aspirin

- DAPT: Dual Antiplatelet Therapy

- SAPT: Single Antiplatelet Therapy

- LD: Loading Dose

- PO: By mouth

- QD: Daily

- PCI: Percutaneous Coronary Intervention

- ACS: Acute Coronary Syndrome

- CAD: Coronary Artery Disease

- HTN: Hypertension

- PE: Pulmonary Embolism

- MI: Myocardial Infarction

- CV: Cardiovascular

- DES: Drug Eluting Stent

- TIA; Transient Ischemic Attack

- VKA: Vitamin K Antagonist

- OAC: Oral Anticoagulant

- BMS: Bare Metal Stent

- STS: Society of Thoracic Surgeons

- NYHA: New York Heart Association

- PAD: Peripheral Artery Disease

- CABG: Coronary Artery Bypass Grafting

- DVT: Deep Vein THrombosis







www.sjchs.org/







Henning Rud Anderson











Antithrombotic Optimization 

BleedingThrombosis



7 +/- 1.7%
of patients within first year post TAVR

16 +/- 0.9%
of patients within first year post TAVR

Eur Heart J 2017;38:3341-50.



Major bleeding 

in up to 15%
of patients at 1 year 

N Engl J Med 2016; 374: 1609-20.

N Engl J Med 2019; 380:1695-705.

N Engl J Med 2019; 380: 1706-15.



Standard of Care

DAPT (aspirin and clopidogrel) post 

TAVR for 3-6 months followed by 

ASA lifelong

Prevent device-related thromboembolic 

complications while tissue growth and 

endothelialization of metallic frame are 

occuring

N Engl J Med 2010;363:1597-607.

J Am Coll Cardiol 2014;63:1972-81.



Where is the evidence?

- Early trials that evaluated TAVR used DAPT 

with aspirin and clopidogrel for up to 6 

months after the procedure 

- Mostly extrapolated data from intra-

coronary stenting

N Engl J Med 2010;363:1597-607.

N Engl J Med 2011;364:2187-98.

J Am Coll Cardiol 2014;63:1972-81.

N Engl J Med 2014;371:967-8.



Original Trials

- Grube et al. used extracorporeal bypass for hemodynamic support intra-procedurally and 

found severe postprocedural thrombocytopenia in patients not on clopidogrel that was 

thought to be due to platelet activation and consumption 

- Histological studies saw that valve incorporation process begins with fibrin deposition and 

an inflammatory process; after 3 mo, fibrin is replaced by smooth muscle cells and 

endothelial cells

Circulation 2006;114:1616–1624.

Am J Cardiol. 2011 Dec 15;108(12):1772-6.



- SAPT versus DAPT has less bleeding

- Current practice not actually evidence based

What we knew at the time...

EuroIntervention. 2015; 11(suppl W):W92–W95.

EuroIntervention. 2013; 9(suppl):S43–S47.

JACC Cardiovasc Interv. 2017; 10:1366–1369.



Is less more?



Those without an indication for 

anticoagulation

Those with an indication for 

anticoagulation



Those without an indication for 

anticoagulation



Am J Cardiol. 2011 Dec 15;108(12):1772-6.

Int J Cardiol. 2014 Jul 1;174(3):624-7.

JACC Cardiovasc Interv. 2017 Jul 10;10(13):1357-1365.

Catheter Cardiovasc Interv 2020;96:E177-E186.



Am J Cardiol. 2011 Dec 15;108(12):1772-6.

Int J Cardiol. 2014 Jul 1;174(3):624-7.

JACC Cardiovasc Interv. 2017 Jul 10;10(13):1357-1365.

Catheter Cardiovasc Interv 2020;96:E177-E186.

Am J Cardiol. 2011 Dec 15;108(12):1772-6.

Int J Cardiol. 2014 Jul 1;174(3):624-7.

JACC Cardiovasc Interv. 2017 Jul 10;10(13):1357-1365.

Catheter Cardiovasc Interv 2020;96:E177-E186.



N Engl J Med 2020; 383:1447-1457



POPular TAVI Cohort A

Randomized, open-label, international controlled trial 

n= 665

N Engl J Med 2020; 383:1447-1457

DAPT

Clopidogrel 300 mg LOAD followed by 75 mg/day  (3 mo) PLUS

ASA 80-100 mg/day (indefinitely) 

ASA 

ASA 80-100 mg/day (indefinitely) 

Treatment Arms



Pertinent Exclusion Criteria

- Implantation of a DES within 3 months
- Implantation of a BMS within 1 month 

Pertinent Inclusion Criteria

- All patients scheduled to undergo 

TAVI 

- No indication for long-term  oral 

anticoagulation

N Engl J Med 2020; 383:1447-1457



POPular TAVI Cohort A

Follow up at 12 months

Primary Endpoint: 

- All bleeding (including minor, major, and life-threatening or 
disabling bleeding) and non-procedure-related bleeding 
over a period of 12 mo

Secondary Endpoint: 

- Composite of bleeding or thromboembolic events 
- Death from CV causes, non-procedure-related 

bleeding, stroke from any cause, MI
- Composite of death from CV causes, ischemic stroke, MI

N Engl J Med 2020; 383:1447-1457



POPular TAVI Cohort A

Statistics:

- If stroke during trial, patients were allowed in the ASA arm to 
switch to clopidogrel

- If patients developed atrial fibrillation post TAVI, allowed VKA 
or DOAC

- Replace ASA
- Hypothesis: 

- SAPT superior to DAPT in bleeding (primary outcome)
- SAPT noninferior to DAPT in bleeding + thromboembolic 

events (secondary outcome)
- Non-inferiority margin 7.5 percentage points for absolute 

between group differences; if met, would test for superiority 

N Engl J Med 2020; 383:1447-1457



POPular TAVI Cohort A

Statistics:

- Modified ITT (randomized + TAVI done)

- Patients who were on clopidogrel prior to 

randomization were allowed in mITT but excluded 

from Per Protocol

- Did adjust for multiple testing for all outcomes

- Adherence to clopidogrel 89.2%

- Oral anticoagulation was initiated in 13.3% of the ASA 

group and 9.6% of the DAPT group

N Engl J Med 2020; 383:1447-1457



POPular TAVI Cohort A: Snapshot of Baseline Characteristics

Characteristic Aspirin Aspirin + Clopidogrel

Age - yr 80.4 ± 6.2 79.5  ± 6.4

Female sex - no. (%) 164 (49.5) 160 (47.9)

NYHA Class III or IV - no. (%) 212 (64.0) 220 (65.9)

STS Risk Score - median (IQR) 2.6 (1.6-3.7) 2.4 (1.7-3.7)

Hypertension - no. (%) 243 (73.4) 255 (76.3)

Diabetes - no. (%) 78 (23.6) 85 (25.4)

CAD - no. (%) 134 (40.5) 138 (41.3)

Previous MI - no. (%) 28 (8.5) 31 (9.3)

PAD - no. (%) 47 (14.2) 68 (20.4)

Previous stroke - no. (%) 18 (5.4) 12 (3.6)

Previous CABG - no. (%) 61 (18.4) 65 (19.5)

N Engl J Med 2020; 383:1447-1457



POPular TAVI Cohort A: Primary Outcome

Severe procedural bleeding: 0% versus 1.8%

Outcome Aspirin Aspirin plus Clopidogrel RR (95% CI) P-value

All bleeding 50 (15.1%) 89 (26.6%) 0.57 (0.42 - 0.77) 0.001

Non-procedure-related 

bleeding

50 (15.1) 83 (24.9%) 0.61 (0.44 - 0.83) 0.005

N Engl J Med 2020; 383:1447-1457
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N Engl J Med 2020; 383:1447-1457



Outcome Aspirin Aspirin + 

Clopidogrel

RR (95% CI) Absolute 

Difference (95% 

CI)

P-value

First Secondary Outcome

Noninferiority 76 (23.0) 104 (31.1) -8.2 (-14.9 to -1.5) <0.001

Superiority 76 (23.0) 104 (31.1) 0.74 (0.57-0.95) 0.04

Second Secondary Outcome

Noninferiority 32 (9.7) 33 (9.9) -0.2 (-4.7 to 4.3) 0.004

Superiority 32 (9.7) 33 (9.9) 0.98 (0.62-1.55) 0.93

N Engl J Med 2020; 383:1447-1457

First Secondary Outcome: Composite of bleeding or thromboembolic events (Death from CV causes, non-procedure-related bleeding, stroke from any cause, MI)

Second Secondary Outcome: Composite of death from CV causes, ischemic stroke, M
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N Engl J Med 2020; 383:1447-1457

First Secondary Outcome: Composite of bleeding or thromboembolic events (Death from CV causes, non-procedure-related bleeding, stroke from any cause, MI)

Second Secondary Outcome: Composite of death from CV causes, ischemic stroke, M



N Engl J Med 2020; 383:1447-1457



N Engl J Med 2020; 383:1447-1457



POPular TAVI Cohort A

Conclusion: 

ASA monotherapy had lower rates of all bleeding and non-procedural 

bleeding at 1 year without sacrificing thromboembolic protection

N Engl J Med 2020; 383:1447-1457



- Procedural bleeding defined by BARC Type 4 - not for 

TAVR; 54-58% of “non-procedural” bleeding was access site 

bleeding

- Open-label 

- Powered for composite of bleeding AND thrombotic events 

- Did not detect subclinical CT valve thrombosis 

- Fairly large, randomized controlled trial 

- Patient population representative of what is typically seen in 

practice

- Captured bleeding and thromboembolic events

N Engl J Med 2020; 383:1447-1457



N Engl J Med 2020; 383:1447-1457



Those without an indication for 

anticoagulation - SAPT > DAPT

What about using anticoagulation???



N Engl J Med 2020; 382:120-129



GALILEO Trial

Randomized, open-label, event-driven, multicenter
n= 1644
Those without indication for anticoagulation 

Rivaroxaban Group

Rivaroxaban 10 mg PO QD PLUS

ASA 75-100 mg x 3 months

DAPT

ASA 75-100 mg PO QD PLUS

Clopidogrel 75  mg PO QD x 3 months

Treatment Arms

N Engl J Med 2020; 382:120-129



Pertinent Exclusion Criteria

- Established indication for long term 
anticoagulation 

- Absolute indication for dual antiplatelet 
therapy

Pertinent Inclusion Criteria

- 18 years or older

- Undergone successful TAVR for 

treatment of aortic stenosis

N Engl J Med 2020; 383:1447-1457



GALILEO Trial

Statistics:

- If patients established atrial fibrillation would get rivaroxaban 

20 mg or 15 mg depending on renal function in rivaroxaban 

group and in antiplatelet group, would get a VKA to replace 

clopidogrel with a targeted INR 2.0-3.0

- Hypothesis that rivaroxaban would be superior to antiplatelet 

group 

N Engl J Med 2020; 383:1447-1457



GALILEO Trial

Event driven - planned follow up at 1, 3, 6 month and then q6 mo

Primary Efficacy Endpoint: 

- Composite of death from any cause or thromboembolic events

- Stroke, MI, symptomatic valve thrombosis, systemic 

embolism, DVT, PE

Primary Safety Endpoint:

- Major, disabling, or life threatening bleeding

N Engl J Med 2020; 382:120-129



GALILEO Trial

Characteristic Rivaroxaban Group Antiplatelet Group

Age - yr 80.4 ± 7.1 80.8 ± 6.0

Male sex - no. (%) 426 (51.6) 405 (49.5)

HTN - no. (%) 720 (87.2) 697 (85.2)

Diabetes mellitus - no. (%) 236 (28.6) 235 (28.7)

STS risk score 4.0 ± 3.2 4.3 ± 3.5

Congestive Heart Failure - no (%) 394 (47.7) 380 (46.5)

NYHA class III or IV - no (%) 250 (30.3) 222 (27.1)

Previous stroke - no. (%) 51 (6.2) 35 (4.3)

Peripheral Artery Disease - no. (%) 83 (10.0) 82 (10.0)

Previous DVT - no. (%) 18 (2.2) 15 (1.8)



GALILEO Trial

Results

Trial terminated prematurely by data and safety monitoring board 

because of safety concerns
N Engl J Med 2020; 382:120-129



GALILEO Trial - Safety Outcome

N Engl J Med 2020; 382:120-129

Outcome Rivaroxaban Antiplatelet Difference (95% 

CI)

HR (95% CI)

Primary Safety Outcome* 46 (5.6) 31 (3.8) 1.5 (-0.1 to 3.1) 1.50 (0.95 to 2.37)

VARC life-threatening or 

disabling bleeding

18 (2.2) 17 (2.1) 0.1 (-1.0 to 1.2) 1.06 (0.55 to 2.06)

Fatal Bleeding 2 (0.2) 1 (0.1) 0.1 (-0.2 to 0.4) 2.01 (0.18 to 22.19)

VARC major bleeding 30 (3.6) 15 (1.8) 1.4 (0.2 to 2.6) 2.02 (1.09 to 3.76)

TIMI major or minor bleeding 42 (5.1) 24 (2.9) 1.7 (0.3 to 3.2) 1.78 (1.08 to 2.94)

ISTH major bleeding 49 (5.9) 30 (3.7) 1.9 (0.2 to 3.5) 1.66 (1.05 to 2.62)

BARC type 2, 3, or 5 bleeding 148 (17.9) 85 (10.4) 7.2 (4.2 to 10.3) 1.84 (1.41 to 2.41)

*Primary Safety Outcome: composite of life-threatening, disabling, or major bleeding
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GALILEO Trial

N Engl J Med 2020; 382:120-129



GALILEO Trial - Efficacy Outcomes

N Engl J Med 2020; 382:120-129

Outcome Rivaroxaban Antiplatelet Difference (95% CI) HR (95% CI)

Primary Efficacy Outcome* 105 (12.7) 78 (9.5) 2.6 (0.1 to 5.1) 1.35 (1.01 to 1.81)

Death 64 (7.7) 38 (4.6) 2.4 (0.6 to 4.1) 1.69 (1.13 to 2.53)

Stroke 30 (3.6) 25 (3.1) 0.5 (-0.8 to 1.8) 1.20 (0.71 to 2.05)

Myocardial infarction 23 (2.8) 17 (2.1) 0.6 (-0.6 to 1.7) 1.37 (0.73 to 2.56)

Symptomatic valve 

thrombosis

3 (0.4) 7 (0.9) -0.4 (-0.9 to 0.2) 0.43 (0.11 to 1.66)

Pulmonary embolism 3 (0.4) 2 (0.2) 0.1 (-0.3 to 0.5) 1.49 (0.25 to 8.93)

DVT 1 (0.1) 4 (0.5) -0.3 (-0.8 to 0.1) 0.25 (0.03 to 2.23)

Systemic embolism 1 (0.1) 1 (0.1) 0.0 (-0.3 to 0.3) 0.98 (0.06 to 15.69)

Secondary efficacy outcome+ 83 (10.0) 68 (8.3) 1.5 (-0.8 to 3.7) 1.22 (0.89 to 1.69)

*Primary Efficacy Outcome: Composite of death from any cause or thrombotic events, including stroke, MI, systemic embolism, DVT, PE

+Secondary efficacy outcome: primary efficacy outcome with death from CV causes replacing death from any cause
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GALILEO Trial

N Engl J Med 2020; 382:120-129



GALILEO Trial

N Engl J Med 2020; 382:120-129



GALILEO Trial

Conclusion: Rivaroxaban use was found to be harmful in those without an 

indication for anticoagulation in both bleeding and thromboembolic 

protection.

N Engl J Med 2020; 382:120-129



Circulation. Volume 143, Issue 5, 2 February 2021; Pages e72-e227



Those with an indication for 

anticoagulation



What is done in coronary stenting...

N Engl J Med 2019; 380:1509-1524



What is done in coronary stenting...

Lancet. 2013 Mar 30;381(9872):1107-15.



N Engl J Med 2020; 382:1696-1707



POPular TAVI Cohort B

Randomized, open-label, international controlled trial 

n= 313

OAC Alone

Allowed for VKA or DOAC, depending on what the patient was on prior to 

randomization

OAC + Clopidogrel

Allowed for VKA or DOAC, depending on what the patient was on prior to 

randomization PLUS 300 mg LD followed by 75 mg clopidogrel x3 mo

Treatment Arms

N Engl J Med 2020; 382:1696-1707



Pertinent Exclusion Criteria

- DES implantation within 3 months
- BMS within 1 month

Pertinent Inclusion Criteria

- 18 years or older

- Undergone successful TAVR for 

treatment of aortic stenosis

- Had an established indication for 

long-term oral anticoagulation 

N Engl J Med 2020; 382:1696-1707



POPular TAVI Cohort B

Follow up at 12 months

Primary Endpoint: 

- All bleeding and non-procedure-related bleeding 

Secondary Endpoint #1

- Composite of death from CV causes, non-procedure-related 
bleeding, stroke from any cause or MI

Secondary Endpoint #2

- Composite of death from CV causes, ischemic stroke, MI 
(excluded bleeding)

N Engl J Med 2020; 382:1696-1707



POPular TAVI Cohort B

Statistics:

- Modified Intention to Treat

- All patient who were randomized and underwent TAVI

- Set a noninferiority margin of 7.5% points for the absolute 

difference with 80% power and a one-sided alpha of 0.025

- If noninferior, tested for superiority 

N Engl J Med 2020; 382:1696-1707



Characteristic Oral Anticoagulation Oral Anticoagulation + Clopidogrel 

Age - yr 80.9 ± 6.2 81.0 ± 5.5

Female Sex - no. (%) 69 (43.9) 73 (46.8)

NYHA Class III or IV - no (%) 119 (75.8) 110 (70.5)

STS Score - Median (IQR) 3.2 (2.2-4.8) 3.1 (2.3-4.5)

Atrial Fibrillation - no (%) 150 (95.5) 147 (94.2)

Hypertension - no (%) 115 (73.2) 105 (67.3)

Diabetes - no (%) 43 (27.4) 46 (29.5)

Coronary Artery Dx - no (%) 65 (41.4) 69 (44.2)

Previous MI - no (%) 14 (8.9) 20 (12.8)

Peripheral artery dx - no (%) 30 (19.1) 28 (17.9)

Previous stroke - no (%) 15 (9.6) 15 (9.6)

Previous CABG - no (%) 30 (19.1) 30 (19.2)

N Engl J Med 2020; 382:1696-1707



POPular TAVI Cohort B

N Engl J Med 2020; 382:1696-1707

Outcome Anticoagulation Anticoagulation + 

Clopidogrel 

Risk Ratio (95% CI) P-value

Primary 

Outcomes

All  bleeding 34 (21.7) 54 (34.6) 0.63 (0.43 to 0.90) 0.01

Non-procedure

related bleeding

34 (21.7) 53 (34.0) 0.64 (0.44 to 0.92) 0.02

Access site made up 44% vs. 50%

Severe procedure bleeding: 1 in OAC + clopidogrel versus 0 in OAC alone



POPular TAVI Cohort B

N Engl J Med 2020; 382:1696-1707



POPular TAVI Cohort B

N Engl J Med 2020; 382:1696-1707

Outcome Anticoagulation Anticoagulation 

plus Clopidogrel

Risk Ratio Absolute 

Difference

First Secondary 

Composite*

Noninferiority 49 (31.2) 71 (45.5) -14.3 (-25.0 to -

3.6)

Superiority 49 (31.2) 71 (45.5) 0.69 (0.51 to 0.92)

Second Secondary 

Composite+

Noninferiority 21 (13.4) 27 (17.3) -3.9 (-11.9 to 4.0)

Superiority 21 (13.4) 27 (17.3) 0.77 (0.46 to 1.31)

*First secondary endpoint: Composite of death from CV causes, non-procedure-related bleeding, stroke from any cause or MI

+Second secondary endpoint: Composite of death from CV causes, ischemic stroke, MI (excluded bleeding)
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N Engl J Med 2020; 382:1696-1707

Outcome Anticoagulation Anticoagulation plus Clopidogrel Risk Ratio

Death from any cause 21 (13.4) 24 (15.4) 0.87 (0.51 to 1.50)

Death from CV causes 13 (8.3) 20 (12.8) 0.65 (0.33 to 1.25)

Stroke 9 (5.7) 9 (5.8) 0.99 (0.41 to 2.44)

Ischemic 8 (5.1) 9 (5.8) 0.88 (0.35 to 2.23)

Hemorrhagic 1 (0.6) 0

Myocardial Infarction 1 (0.6) 1 (0.6) 0.99 (0.06 to 15.75)

VARC-2 bleeding

Life-threatening or 

disabling bleeding

6 (3.8) 13 (8.3) 0.46 (0.18 to 1.18)

Major bleeding 8 (5.1) 13 (8.3) 0.61 (0.26 to 1.43)

Major, life-threatening, or 

disabling bleeding 

14 (8.9) 26 (16.7) 0.54 (0.29 to 0.99)

Minor bleeding 20 (12.7) 28 (17.9) 0.71 (0.42 to 1.21)



POPular TAVI Cohort B

N Engl J Med 2020; 382:1696-1707



POPular TAVI Cohort B

N Engl J Med 2020; 382:1696-1707



POPular TAVI Cohort B

Conclusion: 

Among patients with an indication for anticoagulation, OAC alone was 

associated with a lower incidence of serious bleeding over 1 year versus 

OAC + clopidogrel and was noninferior in terms of adverse ischemic 

outcomes.

N Engl J Med 2020; 382:1696-1707



- Time in therapeutic range not reported

- Indication for anticoagulation mostly driven by atrial 

fibrillation

- 75.2% of patients on VKA

- CHADSVASC not reported

- DOAC dosing not reported

- Fairly large, randomized controlled trial 

- Patient population representative of what is typically seen in 

practice

- Ischemic events were non-inferior on rivaroxaban alone

N Engl J Med 2020; 382:1696-1707





ATLANTIS

Two Strata:

- In patients with an indication for OACs, is 

apixaban better than warfarin?

- In patients without an indication for 

anticoagulation, is apixaban 5 mg better than 

SAPT or DAPT?



ATLANTIS

Randomized, open-label, international controlled trial 

n= 1510

**allowed for 2.5 mg bid if 2 of three metr SCr >=1.5mg/dL, age >=80 years, weight <=60 kilo or if on concomitant antiplatelet therapy (ACS or recent 

stenting) or physician’s choice

Treatment Arms

Indication for OAC No Indication for OAC

VKA Apixaban 5 mg bid** DAPT/SAPT



ATLANTIS

Follow up at 12 months

Primary Endpoint: 

- Composite of death, MI, stroke, systemic emboli, intracardiac 

or bioprosthesis thrombus, episode of DVT or PE, major bleed



ATLANTIS

4D-CT scan protocol to identify subclinical valve thrombosis (defined as 

visible thrombus on TTE or CT scan and mean transprosthetic gradient 

>=10 mmHg change from baseline or 20mmHg OR reduced leaflet 

mobility grade 3-4 on at least one leaflet



- CrCl <15 mL/min or dialysis
- Mechanical valves
- Severe mitral valve stenosis requiring intervention
- Unsuccessful TAVI 
- Ongoing major bleeding or vascular complication
- Prior hx of intracranial hemorrhage
- Recent stroke/TIA on anticoagulant therapy (<6 weeks)
- Planned major surgery during follow up
- Expected survival <1 year
- Concomitant use of prasugrel or ticagrelor
- Coronary stent implantation <2 weeks prior
- Taking CYP3A4 inhibitors 
- Any coagulopathy with significant risk of bleeding

- > 18 yo

- Successful TAVI

- Irrespective of prior antithrombotic therapy 

- With any approved TAVR device



ATLANTIS - Primary Endpoint

Apixaban SOC P-value for 

interaction

HR (95% CI)

Primary 

Outcome

138 (18.4%) 151 (20.1%)

0.57

0.92 (0.73-1.16)

No indication 

for OAC

89 (16.9%) 101 (19.3%) 0.88 (0.66-1.17)

Indication for 

OAC

49 (21.9%) 50 (21.9%) 1.02 (0.68-1.51)



ATLANTIS - Primary Endpoint without valve thrombosis

Apixaban SOC P-value for 

interaction

HR (95% CI)

Primary 

Outcome

133 (17.8%) 121 (16.1%)

0.70

1.12 (0.88-1.44)

No indication 

for OAC

84 (16.9%) 73 (13.9%) 1.16 (0.85-1.60)

Indication for 

OAC

49 (21.9%) 48 (21.9%) 1.06 (0.71-1.58)



ATLANTIS - Secondary Endpoints

Apixaban SOC HR (95% CI)

Death, MI, any stroke/TIA 79 (10.5%) 62 (8.26%) 1.31 (0.95-1.85)

Death, any stroke/TIA or systemic embolism 78 (10.4%) 60 (8.0%) 1.35 (0.96-1.90)

Death

- From CV causes

- From non-CV causes

54 (7.2%)

38 (5.1%)

16 (2.1%)

41 (5.5%)

28 (3.7%)

13 (1.8%)

1.39 (0.92-2.09)

1.42 (0.87-2.32)

1.33 (0.63-2.77)

MI 6 (0.8%) 5 (0.7%) 1.22 (0.37-4.00)

Stroke or TIA 28 (3.7%) 21 (2.8%) 1.38 (0.78-2.44)

Systemic Embolism 2 (0.3%) 3 (0.4%) 0.65 (0.11-3.91)

Bioprosthetic thrombosis 8 (1.1%) 35  (4.7%) 0.23 (0.11-0.50)

Intracardiac thrombus 3 (0.4%) 3 (0.4%) 1.11 (0.22-5.54)

DVT or PE 1 (0.1%) 11 (1.5%) 0.09 (0.01-0.72)



ATLANTIS - Secondary Endpoints

Apixaban SOC HR (95% CI)

Death, MI, any stroke/TIA 79 (10.5%) 62 (8.26%) 1.31 (0.95-1.85)

Death, any stroke/TIA or systemic embolism 78 (10.4%) 60 (8.0%) 1.35 (0.96-1.90)

Death

- From CV causes

- From non-CV causes

54 (7.2%)

38 (5.1%)

16 (2.1%)

41 (5.5%)

28 (3.7%)

13 (1.8%)

1.39 (0.92-2.09)

1.42 (0.87-2.32)

1.33 (0.63-2.77)

MI 6 (0.8%) 5 (0.7%) 1.22 (0.37-4.00)

Stroke or TIA 28 (3.7%) 21 (2.8%) 1.38 (0.78-2.44)

Systemic Embolism 2 (0.3%) 3 (0.4%) 0.65 (0.11-3.91)

Bioprosthetic thrombosis 8 (1.1%) 35  (4.7%) 0.23 (0.11-0.50)

Intracardiac thrombus 3 (0.4%) 3 (0.4%) 1.11 (0.22-5.54)

DVT or PE 1 (0.1%) 11 (1.5%) 0.09 (0.01-0.72)



ATLANTIS - Safety Analysis

Apixaban SOC HR (95% CI)

Primary safety endpoint 6.4 (8.5%) 64 (8.5%) 1.02 (0.72-1.44)

Life-threatening bleeding 19 (2.5%) 18 (2.4%) 1.06 (0.55-2.02)

Major bleeding 50 (6.7%) 48 (6.4%) 1.07 (0.72-1.59)

Minor bleeding (BARC 2 or 3a) 70 (9.3%) 78 (10.4%) 0.91 (0.66-1.26)

Any bleeding 174 (23.2%) 170 (22.6%) 1.05 (0.85-1.30)



Indication for oral anticoagulation (post-hoc)

Apixaban SOC HR (95% CI)

Primary Outcome* 49 (21.9%) 50 (21.9%) 1.02 (0.68-1.51)

Secondary Efficacy Outcomes

Death, MI, any stroke/TIA

Death, any stroke/TIA or systemic embolism

Death

29 (13.0%)

28 (12.6%)

23 (10.3%)

27 (11.8%)

27 (11.8%)

23 (10.1%)

1.13 (0.67-1.91)

1.09 (0.64-1.85)

1.04 (0.58-1.86)

Safety Outcomes

Primary safety endpoint+

Minor bleeding (BARC 2 or 3a)

Any bleeding

23 (10.3%)

21 (9.5%)

59 (26.4%)

26 (11.4%)

27 (10.4%)

58 (25.4%)

0.92 (0.52-1.60)

0.79 (0.44-1.39)

1.05 (0.73-1.51)

Any Valve Thrombosis 2 (0.9%) 3 (1.3%) 0.67 (0.11-4.04)

*death, stroke, MI, systemic emboli, intracardiac or valve thrombosis, DVT/PE major bleeding

+life threatening (including fatal) or disabling or major bleeding (BARC 4, 3a, b, and 3c as defined by VARC-2)



No Indication for oral anticoagulation (post-hoc)

Apixaban SOC HR (95% CI)

Primary Outcome* 89 (16.9%) 101 (19.3%) 0.88 (0.66-1.17)

Secondary Efficacy Outcomes

Death, MI, any stroke/TIA

Death, any stroke/TIA or systemic embolism

Death

- CV death

- Non CV death

50 (9.5%)

50 (9.5%)

31 (5.9%)

17 (3.2%)

14 (2.66%)

35 (6.7%)

33 (6.3%)

18  (3.4%)

13 (2.5%)

5 (0.96%)

1.48 (0.96-2.30)

1.56 (1.01-2.43)

1.86 (1.04-3.34)

1.42 (0.69-2.94)

2.99 (1.07-8.35)

Safety Outcomes

Primary safety endpoint+

Minor bleeding (BARC 2 or 3a)

Any bleeding

41 (7.8%)

49 (9.3%)

115 (21%)

38 (7.3%)

51 (9.7%)

112 (21.8%)

1.09 (0.69-1.69)

0.96 (0.65-1.42)

1.04 (0.80-1.35)

Any Valve Thrombosis 6 (1.1%) 32 (6.1%) 0.19 (0.08-0.47)

*death, stroke, MI, systemic emboli, intracardiac or valve thrombosis, DVT/PE major bleeding

+life threatening (including fatal) or disabling or major bleeding (BARC 4, 3a, b, and 3c as defined by VARC-2)



ATLANTIS

Conclusion: 

- Apixaban after TAVR is not superior to SOC antithrombotic treatment 

(VKA in OAC group, APT in no OAC group) globally and in each 

stratum though there was a reduction in subclinical valve leaflet 

thrombosis; however this didn’t translate into improved clinical 

outcomes

- The bleeding with apixaban is similar to that of the current SOC, 

globally and in each stratum. 

- In those without an indication for OAC, apixaban was associated with 

higher non-CV mortality versus APT use (similar to GALILEO Trial) 





AVATAR

In patients with indication for long-term OAC, what is 

the 12-mo clinical benefit of OAC monotherapy with 

VKA or DOAC versus double therapy with ASA plus 

OAC?





ENVISAGE-TAVI AF

In patients with an indication for anticoagulation, is 

edoxaban 60 mg better to warfarin in terms of net 

adverse events and major bleeds?

**SAPT or DAPT can be administered at investigator’s 

discretion**



What we know now….

In patients without an indication for anticoagulation:

- Rivaroxaban 10 mg QD PLUS aspirin 75-100 mg QD 

is harmful (GALILEO)

- Apixaban 5 mg BID PO appears harmful (ATLANTIS)

SAPT results in less bleeding than DAPT without an 

increase in thromboembolic events (POPULAR-TAVI, 

Cohort A)

In the majority of these patients: I would recommend SAPT 

alone.

In patients with an indication for anticoagulation:

- Most data supports long term VKA 

- Apixaban may be considered 

(ATLANTIS)

- Edoxaban not recommended 

(ENVISAGE-TAVI AF)

Anticoagulation alone results in less bleeding 

than anticoagulation PLUS clopidogrel without an 

increase in thromboembolic events (POPULAR 

TAVI Cohort B)



In patients without an 

indication for 

anticoagulation AND 

recent coronary stenting:    

?? Likely DAPT

In patients with an 

indication for 

anticoagulation AND recent 

coronary stenting:

?? (OAC + P2Y12 inhibitor) 

versus (OAC + ASA)

Future Directions

In patients with an indication 

for anticoagulation:

?? OAC alone versus (OAC + ASA)





Appendix Slides



Valve Academic Research Consortium (VARC)-2 bleeding 

- VARC-2 life threatening or disabling bleeding

- Fatal bleeding (BARC type 5)

- Bleeding in a critical organ, such as intracranial, intraspinal, intraocular, or pericardial necessitating 

pericardiocentesis, or intramuscular with compartment syndrome (BARC type 3b and 3c).

- Bleeding causing hypovolemic shock or severe hypotension requiring vasopressors or surgery (BARC type 

3b). 

- Overt source of bleeding with drop in hemoglobin > 5 g/dL or whole blood or packed red blood cells (RBCs) 

transfusion >4 units * (BARC type 3b). 

- VARC-2 major bleeding: 

- Overt bleeding either associated with a drop in the hemoglobin level of at least 3.0 g/dl or requiring transfusion 

of two or three units of whole blood/RBCs, or causing hospitalization or permanent injury, or requiring surgery 

(BARC type 3a) AND 

- Does not meet the criteria of life-threatening or disabling bleeding. 

- VARC-2 minor bleeding: Any bleeding worthy of clinical mention (e.g. access site hematoma) that does not qualify as 

life-threatening, disabling, or major (BARC type 2 or 3a, depending on the severity).



Bleeding Academic Research Consortium Definition for Bleeding (BARC) 

bleeding

- Type 1:
- Bleeding that is not actionable and does not cause the patient to seek 

unscheduled performance of studies, hospitalization, or treatment by a health care 

professional. 

- Type 2: 
- Any overt, actionable sign of hemorrhage (e.g., more bleeding than would be 

expected for a clinical circumstance, including bleeding found by imaging alone) 

that does not fit the criteria for type 3, 4, or 5 but does meet at least one of the 

following criteria: 

- Requiring nonsurgical, medical intervention by a health-care professional. 

- Leading to hospitalization or increased level of care. 

- Prompting evaluation



Bleeding Academic Research Consortium Definition for Bleeding (BARC) 

bleeding

- Type 3:
- Type 3a:  

- Overt bleeding plus hemoglobin drop of 3 to < 5 g/dL. 
- Any transfusion with overt bleeding 

- Type 3b:  
- Overt bleeding plus hemoglobin drop ≥5 g/dL. 
- Cardiac tamponade.  
- Bleeding requiring surgical intervention for control (excluding 

dental/nasal/skin/hemorrhoid).  
- Bleeding requiring intravenous vasoactive agents. 

- Type 3c:
- Intracranial hemorrhage (does not include microbleeds or hemorrhagic 

transformation, does include intraspinal).  
- Subcategories confirmed by autopsy or imaging or lumbar puncture.  
- Intraocular bleed compromising vision



Bleeding Academic Research Consortium Definition for Bleeding (BARC) 

bleeding

- Type 4: CABG-related bleeding: 
- Perioperative intracranial bleeding within 48 h. 

- Reoperation after closure of sternotomy for the purpose of controlling bleeding. 

- Transfusion of ≥ 5 U whole blood or packed red blood cells within a 48-h period. 

- Chest tube output more than or equal to 2L within a 24-h period. 

- Type 5: Fatal bleeding



Circulation. Volume 143, Issue 5, 2 February 2021; Pages e72-e227



Dual Antiplatelet Therapy Versus Aspirin Alone in Patient 

Undergoing Transcatheter Aortic Valve Implantation (Ussia et al)



Ussia et al.

Randomized, open-label, single-center study

n=79 (mean age 81, cohorts balanced)

J Am Coll Cardiol. 2018 Oct 30;72(18):2095-2105.

DAPT

Clopidogrel 300 mg LD (day before TAVI) +

Clopidogrel 75 mg PO QD x3 mo + ASA 100 mg PO QD indefinitely

ASA 

ASA 100 mg PO QD indefinitely

Treatment Arms
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Randomized, open-label, single-center study

n=79 (mean age 81, cohorts balanced)

J Am Coll Cardiol. 2018 Oct 30;72(18):2095-2105.

DAPT

Clopidogrel 300 mg LD (day before TAVI) +

Clopidogrel 75 mg PO QD x3 mo + ASA 100 mg PO QD indefinitely

ASA 

ASA 100 mg PO QD indefinitely

Treatment Arms



Ussia et al.

Pertinent Exclusion Criteria

- Liver Cirrhosis

- Recurrent pulmonary embolism

- Porcelain aorta

- Severe connective tissue dx

- Previous PCI or ACS requiring DAPT

- Need for oral anticoagulation 

- Allergy or intolerance to study drugs

J Am Coll Cardiol. 2018 Oct 30;72(18):2095-2105.



Ussia et al.

Follow up at 30 days and 6 mo

Primary Endpoint: composite of major adverse cardiac and 

cerebrovascular events

- Death from any cause

- MI

- Major stroke

- Urgent or emergency conversion to surgery

- Life-threatening bleeding



Ussia et al.

Results: 

- Intention to Treat

- The cumulative incidence of major adverse cardiac and cerebrovascular 

events at 30 days and 6 months 14% versus 16%

- No significant differences between the DAPT and ASA groups noted at 

both 30 days (13% vs. 15%, p=0.71) and 6 mo (18% vs 15%, p=0.85).

Conclusion: Adding clopidogrel to ASA for 3 mo did not reduce MACCE or 

mortality at 30 days or 6 months. Results do not support strategy of short-

term adjunctive use of clopidogrel added to ASA post TAVI.



Variable Overall (n=79) DAPT (n=40) ASA (n=39) p-value

All-cause 3 (4%) 1 (3%) 2 (5%) 0.49

CV death 1 (1%) 1 (3%) 0 0.51

Major stroke 3 (4%) 1 (3%) 2 (5%) 0.49

Minor stroke 0 0 0 --

TIA 2 (3%) 1 (3%) 1 (3%) 0.75

MI 0 0 0 --

Conversion to open heart sx 0 0 0 --

Life-threatening bleeding 4 (5%) 2 (5%) 2 (5%) 0.92

Major bleeding 3 (4%) 2 (5%) 1 (3%) 0.61

Minor bleeding 7 (9%) 3 (8%) 4 (10%) 0.55

MACCE 7 (9%) 3 (8%) 4 (10%) 0.49

Cardiac tamponade 1 (1%) 1 (3%) 0 0.51

Major vascular complications 6 (10%) 3 (8%) 2 (5%) 0.65

Minor vascular complications 5 (6%) 3 (8%) 2 (5%) 0.51

Percutaneous management 8 (9%) 3 (10%) 2 (5%) 0.97

Surgical management 1 (1%) 1 (3%) 0 0.53

In-Hospital Outcomes



SAT-TAVI (Stabile et al.)



Stabile et al. 

Randomized, double blind controlled trial

n=120

J Am Coll Cardiol. 2018 Oct 30;72(18):2095-2105.

DAPT

Clopidogrel 75 mg/d OR ticlopidine 500 mg/bid (6 months) PLUS

ASA 75-160 mg/day (indefinitely) 

ASA 

ASA 75-160 mg/day (indefinitely) 

Treatment Arms



Stabile et al.

Pertinent Exclusion Criteria

- Untreated CAD requiring revascularization

- Acute MI within 1 mo

- GIB within 3 mo

- DES or BAV

- Indication for oral anticoagulation therapy

J Am Coll Cardiol. 2018 Oct 30;72(18):2095-2105.



Stabile et al.

Follow up at 30 days and 6 mo

Primary Endpoint: 

- Adverse Cardiovascular events at 30 days
- CV death
- Major vascular complication
- Minor vascular complication
- Major and minor vascular complication 
- Major stroke
- Minor stroke



Stabile et al. 

Results (ASA vs DAPT)

- All NS at 30 days except:

- Major and minor vascular complication 3% versus 13.3%, 

p<0.05

- No differences at 6 mo

Conclusion: Thienopyridine use was linked with a significant increase in the 

rate of vascular complications



ARTE Trial (Rodes-Cabau et al.)



ARTE Trial

Prospective, randomized, open label trial 

n= 222

J Am Coll Cardiol. 2018 Oct 30;72(18):2095-2105.

DAPT

Clopidogrel 300 mg LOAD followed by 75 mg/day  (3 mo) PLUS

ASA 80-100 mg/day (indefinitely) 

ASA 

ASA 80-100 mg/day (indefinitely) 

Treatment Arms



ARTE Trial

Pertinent Exclusion Criteria

- Chronic anticoagulation treatment

- Major bleeding within 3 months prior

- Prior intracranial bleeding

- DES within past year 

J Am Coll Cardiol. 2018 Oct 30;72(18):2095-2105.



ARTE Trial

Follow up at 3 months

Primary Endpoint: 

- Occurrence of death, MI, stroke or TIA, or major 

life threatening bleeding within 3 months following 

the procedure



ARTE Trial

Results (DAPT vs ASA)

- Primary endpoint occurred more in DAPT group (15.3% vs 7.2%, p=0.065)

- No differences in occurrence of:

- Death (DAPT, 6.3%; SAPT, 3.6% p=0.37)

- MI (DAPT, 3.6%; SAPT 0.9%, p=0.18)

- Stroke or TIA (DAPT, 2.7%; SAPT, 0.9%; p=0.31)

- DAPT had a higher rate of major or life-threatening bleeding (10.8% vs. 

3.6% in the SAPT group, p=0.038)

Conclusion: SAPT tended to reduce the occurrence of major adverse events 

following TAVR.

- Reduced the risk for major or life-threatening events

- No increased risk for MI or stroke



Antithrombotic Strategies after Transcatheter Aortic 

Valve Implantation: Insights from a Network Meta-

Analysis (Kuno et al.)



Kuno et al.

Meta-analysis

n=20,548

J Am Coll Cardiol. 2018 Oct 30;72(18):2095-2105.

To investigate the efficacy and safety of different antithrombotic strategies in 

patients undergoing TAVI

Target



Kuno et al. 

Primary Endpoint: 

- All cause mortality, major or life-threatening 

bleeding events, and stroke

- All included anticoagulants were VKAs



Kuno et al.

Results

- No differences in mortality except OAC + DAPT had 

significantly higher rates of mortality vs. other regimens 

(P<0.05, I2 = 0)

- SAPT had significantly lower rates of bleeding versus DAPT, 

OAC+SAPT, OAC+DAPT.

- HR: 0.59 [0.46-0.77], p <.001

- HR: 0.58 0.34-0.99], p = .045

- HR: 0.41 [0.18-0.93], p = .033, respectively, I2 = 0%).

- No significant difference in stroke among all regimens



Kuno et al.

Conclusion: 

- If DAPT or anticoagulation indicated, avoid DAPT + OAC

- If no indication for OAC or DAPT post-TAVI, SAPT 

recommended

- When DAPT or OAC indicated, should avoid triple therapy 

or minimize duration



Ussia et al.

Ussai et al
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GALILEO Trial



GALILEO Trial

- Sponsored by Bayer and Janssen Pharmaceuticals

- Patients not previously on aspirin or clopidogrel in the DAPT group were 

loaded (80-100 mg; greater than or equal to 300 mg)

- Patients who developed atrial fibrillation:
- Rivaroxaban group: 20 mg PO QD (versus renal adjustment of 15 mg PO QD)

- DAPT group: VKA (INR 2-3) to replace clopidogrel within 3 months or to replace aspirin after 

those 3 months

- Looked at patients from December 2016 - May 2018



GALILEO Trial

- Discontinuation rate:
- 307 in the rivaroxaban group vs. 194 in the antiplatelet group 

- New onset atrial fibrillation occurred in 11% of population 



GALILEO Trial



GALILEO Trial
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GALILEO Trial



POPULAR TAVI Cohort A



POPULAR TAVI Cohort A

- Conducted in Europe (17 European sites)

- ASA Group
- If patients were not on ASA beforehand, got 300 mg load 1 day before TAVI. 

- Had washout period of 5 days if on other antiplatelet agents

- DAPT group
- If not on ASA before, got 300 mg load within 1 day

- 300 mg clopidogrel load day before or day of TAVI

- Switching protocol
- If patient had stroke during trial, those in ASA group -> DAPT group

- Anticoagulation
- Anticoag with heparin during TAVR was allowed, standardized ACT

- If patient developed Afib afterwards, can use VKA or DOAC and recommended to replace 

ASA



POPULAR TAVI Cohort A

- December 2013 - March 2019

- 690 patients -> 665 included (most excluded due to TAVI not performed, was 

aborted or converted to an open procedure)

- mITT
- 16 patients (4.8%) assigned to ASA group also received clopidogrel due to medical reasons at 

direction of provider

- 10 patients (3.0%) on clopidogrel prior to enrollment were assigned to DAPT and received 

both ASA and clopidogrel

- No patients were lost to follow up - data 100% for primary and secondary 

endpoints



POPular TAVI Cohort A
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POPULAR TAVI Cohort B



POPULAR TAVI Cohort B

- Conducted in Europe (17 European sites)
- Anticoagulation:

- Decision to interrupt or continue anticoagulation periprocedurally at physician discretion 
- For procedure itself, UFH was recommended with ACT goal >250 seconds in those who 

interrupted oral anticoagulation or >200 in those who did not interrupt anticoagulation  

- December 2013-August 2018
- n= 326 -> 313 (mostly due to TAVR not performed, did not meet inclusion, 

TAVR aborted or converted to open chest)
- Data on primary and secondary outcomes: 100% complete
- Adherence to clopidogrel: 95.5%
- Discontinuation of anticoagulation:

- Anticoagulation group alone: n=2
- Anticoagulation + clopidogrel: n=0



POPular TAVI Cohort B
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POPular TAVI Cohort B


