Antithrombotic Rx
in the Setting of
TAVI

George D. Dangas, MD, PhD, FESC, MSCAI
Professor of Medicine & Surgery
Icahn School of Medicine at Mount Sinai
The Mount Sinai Hospital, New York, NY

COI
• Research grants to Mt Sinai:


Bayer



Daichi Sankyo



Claret Medical



The Medicines Company

• Consultant (spouse) Janssen, minor level,
Claret Medical, minor level

• Stock options (<1%), Claret medical (spouse)

Timing of CerebroVascular Events after TAVI

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

Predictors of 30-Day CVEs after TAVI
1061 pts (2/3 Edwards valve; 1/3 CoreValve)

UNIVARIATE
Learning curve (second half)

0.62 (0.36-1.09) p=0.098

Diabetes

1.70 (0.97-2.97) p=0.061

Balloon postdilation
1.95 (1.06-3.58) p=0.020

New-onset atrial fibrillation
2.21 (1.13-4.33) p=0.017

MULTIVARIATE
Learning curve (second half)

0.62 (0.35-1.10) p=0.105
1.76 (0.97-3.10) p=0.055

Diabetes

Balloon postdilation
1.94 (1.05-3.60) p=0.034

New-onset atrial fibrillation
2.27 (1.15-4.48) p=0.018
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Odds ratio (95% Confidence Interval)
Nombela-Franco et al. Circulation 2012;126:3041-3053
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Predictors of Late CVEs (>30-day) after TAVI
1061 pts (2/3 Edwards valve; 1/3 CoreValve)

UNIVARIATE
Chronic atrial fibrillation

2.83 (1.45–5.50) p=0.002

Peripheral vascular disease
2.19 (1.12–4.27) p=0.022

Cerebrovascular disease

2.35 (1.17–4.73) p=0.016

Anticoagulation treatment at
hospital discharge

2.57 (1.32–5.00) p=0.005

MULTIVARIATE
2.84 (1.46–5.53) p=0.002

Chronic atrial fibrillation
Peripheral vascular disease

2.02 (1.02–3.97) p=0.043

Cerebrovascular disease

2.04 (1.01–4.15) p=0.047

Anticoagulation treatment at
hospital discharge

1.73 (0.78–3.81) p=0.172
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Hazard ratio (95% Confidence Interval)

Nombela-Franco et al. Circulation 2012;126:3041-3053
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TAVI Experience from Published Registries
Baseline Patient Characteristics
Variables
Age (years)
Male sex (%)
Diabetes (%)
Hypertension
Prior coronary disease (%)

Mean (min-max)
82 (50-98)
44 (24-57)
28 (23-35)
60 (36-85)
54 (41-69)
25 (14-45)
35 (20-62)
26 (21-30)
9 (7-11)
19 (7-35)
30 (11-50)
11 (4-19)
12 (7-18)
21 (17-25)

Mean CHADS2 score ~ 3
Chronic renal failure (%)
(8.6 per 100 patient/years)
COPD (%)
Prior CABG (%)

Prior stroke (%)
Peripheral vascular disease (%)
TA
TF
Porcelain aorta (%)
Frailty (%)

Expression of Tissue Factor in
Aortic Valve Leaflets of Varying Status

normal

sclerotic

stenotic

Maréchaux et al. Cardiovasc Pathol 2009; 18(2):67-76

Bioprosthetic Valve Thrombosis Versus
Structural Failure: Clinical and Echo Predictors

Multivariate predictors of valve thrombosis:
•

Paroxysmal AF (OR: 5.19)

•

Persistent AF with subtherapeutic INR (OR: 3.44)

•

On VKA with subtherapeutic INR (OR: 7.37)

•

50% increase in gradient within 5 y (OR: 12.7)

•

Increased cusp thickness (OR: 12.2)

•

Abnormal cusp mobility (OR: 6.94)

J Am Coll Cardiol 2015;66:2285–94

Transcatheter Heart Valve Thrombosis

(A) Transesophageal echocardiogram of a case of transcatheter heart valve thrombosis
demonstrating the valve stent (long white arrow), thrombus on the stent (short white
arrow), and thickened valve leaflets. (B) Post-mortem image of thrombi on the outflow of
the stent frame (black arrow).

European Heart Journal (2015) 36, 1306–1327

Reduced leaflet motion was observed in all valve types
including surgical bioprostheses
Corevalve

Diastole

Systole
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Perimount surgical valve

Volume rendered CT images of bioprosthetic valves
Normal leaflets

Thickened leaflets with thrombus
Systole

Systole

Diastole

Diastole

Raj Makkar MD – TVT 2015

Clinical outcomes in patients with reduced leaflet motion
Data obtained from 55 patients in a clinical trial of TAVR and from two single-center
registries that included 132 patients who were undergoing either TAVR or surgical
aortic-valve bioprosthesis implantation.

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

RESOLVE & SAVORY Registries
752 transcatheter valves: Median time from TAVR to CT 58 ds (IQR 32–236 ds)
138 surgical valves: Median time from SAVR to CT 162 ds (IQR 79–417 ds)
Time from TAVR to CT vs. SAVR to CT: p<0.0001

• In a heterogeneous (yet sizeable) cohort of bioprosthetic
aortic valves, the reduced leaflet motion occurred 12 %
• Patients undergoing SAVR, compared with TAVR, had lower
incidence of reduced leaflet motion (3.6% vs. 12%; p<0.04).
However, patients undergoing SAVR were different than
TAVR reflecting contemporary practice with lower age
and fewer comorbidities.
• Anticoagulation with both warfarin and NOACs and not DAPT
which is the widespread standard of care were effective in
prevention and treatment of reduced leaflet motion.
• Majority of cases of SLT diagnosed by 4D CT are silent
hemodynamically and “missed” by TTE
Makkar et al; Lancet 2017

Makkar et al; Lancet 2017
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Makkar et al; Lancet 2017

RESOLVE & SAVORY Registries
• Patients with subclinical leaflet thrombosis (SLT) had a small yet
significant increase in transvalvular gradients those without SLT.
• A greater proportion of patients with SLT (15% vs. 1%) had
hemodynamically significant increase in gradients (aortic valve
gradients>20mmHg and increase in aortic valve gradients>10mmHg).
• While the cumulative death, MI and stroke rates were not significantly
different between the 2 groups, SLT had increased rates of TIA alone.
• The imaging findings in this analysis question the current standard of care
(dual antiplatelet therapy post-TAVR);
• DAPT may be considered debatable in the appropriate clinical setting.
• Further studies should seek if a level of anticoagulation Rx may be
more appropriate in certain patients.
• Clinical trials of scheduled CTA imaging and anticoagulation as TAVR
moves into lower risk patients and provide evidence on the efficacy of
NOACs on bioprosthetic aortic valve thrombosis
• In the appropriate clinical setting such as TIAs, stroke, new onset heart
failure; or even small increase in gradients post-procedure should lead to
vigilance and CT imaging.
Makkar et al; Lancet 2017

Bioprosthetic Valve Thrombosis
Time Frame & Diagnostic Approach

Dangas G, Weitz J, Giustino G, Makkar R, Mehran R– JACC 2016; In press

Pathological, Clinical, and Imaging Characteristics of Prosthetic
Valve Thrombosis Versus Fibrotic Pannus Ingrowth

Dangas G, Weitz J, Giustino G, Makkar R, Mehran R – JACC 2016;68(24):2670-2689

Mechanisms of Prosthetic Valve Thrombosis

Dangas G, Weitz J, Giustino G, Makkar R, Mehran R. JACC 2016; In press

Dangas G, Weitz J, Giustino G, Makkar R, Mehran R. JACC 2016; In press

Strategies to prevent thrombo-embolic complications
during TAVR

Giustino & Dangas, Eurointervention 2015; 11 Suppl W:W26-31

Strategies to prevent thrombo-embolic complications
after TAVR

Giustino & Dangas. Eurointervention 2015; 11 Suppl W:W26-31

NeuroProtection During TAVR
Clinical Events Meta-Analysis of 5 Randomized Trials

Giustino G, Mehran R, Dangas G: JACC 2017

Safety and efficacy of ASA vs. DAPT after TAVR:
patient-level pooled analysis of 672 patients

Hassell MECJ, et al. Heart 2015; 101(14):1118-25

Why Did Dabigatran Not Work in MHVs?
Potential pharmacodynamic
explanation for the failure of
dabigatran to prevent clotting in
patients with MHVs:
By triggering the intrinsic
pathway, MHVs induce the
generation of thrombin (factor IIa)
in concentrations that locally
overwhelm those of
Dabigatran in its block of
thrombin activity.
In contrast, by reducing the levels
of fIX, fX, and prothrombin,
warfarin attenuates fXa and
thrombin generation, thereby
preventing local clotting.
Dangas G, Weitz J, Giustino G, Makkar R, Mehran R . JACC 2016;68(24):2670-2689

GALILEO Trial
Global PIs: G. Dangas, S. Windecker
Ending in
the fall 2017
>1,000 pts
randomized
(total≈1520)

1-7 days
post-TAVI

Primary Efficacy Endpoint
Composite of Death, Stroke, MI, Symptomatic
Valve Thrombosis, Systemic Thromboembolism,
Or Major Venous Thromboembolism

NCT02556203

The GALILEO Trial
CTA and MRI Substudies
CTA Substudy
•

N = 300 patients; 1 CTA done at 3
months

•

Primary endpoint: rate of patients
with at least one prosthetic leaflet with
> 50% motion reduction as assessed
by cardiac 4DCT-scan at 3 months
after TAVR

•

•

Will test superiority of rivaroxabanbased versus clopidogrel-based
strategy
Secondary endpoints include leaflet
thickening, echocardiographic mean
gradient & EOA and NYHA class

GALILEO MRI Substudy
EARTH
•

N = 180 patients

•

Primary endpoint: TLV (mm3)
assessed with DW-MRI at 3 months

•

Will test superiority of rivaroxabanbased versus clopidogrel-based
strategy

•

DW-MRI also performed pre-TAVR
and post-TAVR (both inhospital) for
the 2ary endpooint of periprocedure
embolization

NCT02556203

GALILEO 4D Substudy
Official substudy title: A randomized comparison of a rivaroxaban-based strategy with an
antiplatelet-based strategy following successful TAVR for the prevention of reduced valve leaflet
motion as evaluated by four-dimensional, volume-rendered computed tomography (4DCT)
Objective: evaluate whether a rivaroxaban-based strategy, following successful
TAVR, compared to an antiplatelet-based strategy, is superior in reducing subclinical valve leaflet
motion abnormalities – as evaluated by 4DCT imaging at three months following TAVR.

N=300

Short design: Substudy to GALILEO: Randomized,
open-label, active-controlled, multi-center, doubleblind, 300 patients
31

Indication: Transcatheter aortic valve
replacement (TAVR)
Phase: Phase III

FPFV: Q1-2016
LPLV: Q2-2017

EARTH and GALILEO combined flow chart
EARTH
EARTH Visit 0:
Screening

EARTH PreTAVR:
Cerebral MRI scan

EARTH PostTAVR:
Cerebral MRI scan

EARTH 90d:
Cerebral MRI
scan

Rivaroxaban 10 mg OD
+ ASA 75-100 mg

Rivaroxaban
10 mg OD

GALILEO
Screening:
TAVR

Patients
with
successful
TAVR

R

90d: Drop one
antiplatelet

18 months
(12-24 months)

1:1
Stratification for substudy
1-7 post-TAVR
(or upon hospital discharge if
earlier than day 2 post-TAVR)#

DAPT:
Clopidogrel 75 mg OD
+ ASA 75-100 mg

# Majority

ASA
75-100 mg

of patients will be on DAPT after TAVR
Gastric protection recommended throughout study

GALILEO
GALILEO: www.clinicaltrials.gov/ct2/show/NCT02556203

Follow
Up Period
30 days

ATLANTIS trial PIs: G. Montalescot, JP Collet
• All patients after clinically successful TAVI
procedures irrespective of prior antithrombotic
treatment are eligible for randomization

• Study arm 1 (no indication to OAC)


Apixaban 5 mg bid vs. standard of care antiplatelet therapy

• Study arm 2 (indication to OAC)


•

Apixaban 5 mg bid vs. standard of care VKA therapy

Primary endpoint: composite of death, myocardial infarction, stroke,
peripheral embolism, intracardiac or bioprosthesis thrombus, any episode
of deep vein thrombosis or pulmonary embolism, major bleeding at one
year follow-up

NCT02664649

ENVISAGE-TAVI AF
Global PIs: G. Dangas, N. vanMieghem
PROBE design: prospective, randomized, open label, blinded evaluation Edoxaban based
regimen vs VKA based regimen in N ≈1400 AF patients (≈ 2500 patient-years)

TAVI
w/o severe
complications at
randomization

between 24 h
and 5 days

Edoxaban dose reduction to
30mg if
• CrCL 15- ≤50 ml/min
• BW ≤60 kg*
• P-gp inhibitors per local
label*
*no dose reduction in US
for AF

R
A
N
D
O
M
I
Z
E

Edoxaban 60 mg/day*
with or w/o antiplatelet therapy (APT)***
time to first dose of OAC ≤24h post randomization
Minimum 12 mo treatment, event driven (≥6 mo for last pts enrolled)

Vitamin K Antagonist**
with or w/o antiplatelet therapy (APT)***
*** Without other indication for APT: Either no APT or SAPT up to 3 months,

** VKA as
approved in
countries,
target INR 2-3

i.e., ASA or a P2Y12 inhibitor (preferably clopidogrel).
In PCI: SAPT, i.e., any P2Y12 inhibitor (preferably Clopidogrel) or ASA.
DAPT is only allowed post stenting for 1 month after PCI.
With other potential indication for APT: Either no APT or SAPT, i.e., any
P2Y12 inhibitor (preferably clopidogrel) or ASA indefinitely.
All APT needs predclaration by type, dose, & duration (projected last dose)

AF = atrial fibrillation; AP = antiplatelet, APT = antiplatelet therapy; ASA = aspirin; DAPT= dual antiplatelet therapy; Edo = edoxaban; h = hour; INR = international normalized ratio; mo = months,
OAC=oral
anticoagulant
OD=once-daily; P-gp=P-glycoprotein; pts=patients; R=randomization, SAPT=single antiplatelet therapy; TAVI=transcatheter aortic valve implantation; VKA=vitamin K antagonist.
Daiichi
Sankyo Confidential

Conclusions
• Many patients undergoing TAVR have multiple thrombotic- and
bleeding-related comorbidities that make optimal antiplatelet and
anticoagulant management complex.

• Furthermore, the optimal antithrombotic strategy following
implantation of any bioprosthetic valve in the aortic position is not
entirely clear (SAVR/TAVR/TAVI inclusive).

• Guidelines differ on anticoagulation strategies in TAVR, most
without a strong evidence base for their recommendations.
Practice variation in the real world is high.


Clinical trials on antiplatelet Rx are ongoing & expanding

• Given the focus on stroke following TAVR, and emerging
understanding of bioprosthetic leaflet dysfunction in relationto
thrombus, antithrombotic therapies are going to play a key role in
improving long-term bioprosthetic valve replacement outcomes


Clinical trials are ongoing and expanding

• Neuroprotection is clinical investigation & initial approval phase

Art and Science of Cerebrovascular Event Prevention
After Transcatheter Aortic Valve Replacement

•

The evolving concepts of timing, risk factor contributions, and preventive strategies for
cerebrovascular events (CVE) in patients undergoing transcatheter aortic valve replacement.
Dangas G and Giustino G
Circulation Cardiovascular Intervention 2016; 9 e004307

Algorithm for Serial Imaging Follow-Up After Prosthetic Valve Replacement

Dangas G, Weitz J, Giustino G, Makkar R, Mehran R – JACC 2016;68(24):2670-2689

Suspected Transcatheter Prosthetic Valve Thrombosis

TTE + / - TEE to evaluate
hemodynamic severity and detect
thrombus

-

+

+

Clinical evaluation

NYHA III IV

Optimal AC

No high
surgical
risk

NYHA I - II

Suboptimal
or no AC

High
surgical
risk

CT scan to evaluate
leaflet abnormal
mobility

Suboptimal
or no AC

Optimal AC

IV Heparin

IV Heparin

Success

Follow-up with
course of AC

Failure

Valve
replacement

Fibrinolysis

Fibrinolysis

Fibrinolysis

Success

Failure

Failure

Success

Failure

Follow-up with
course of AC

Valve
replacement

Dangas G. et al – JACC 2016

