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• Global Demographics and Economics

TAVR Journey - 2016

Over the next decade 4X growth in TAVR 
procedures predicted, associated with…

 faster growth in the US, Japan, and ROW

 marked regional growth heterogeneity due to 
differing reimbursement patterns

 stabilization of trained operator sites

 continued under-diagnosis and under-
treatment of AS  



TAVR is Available in More Than 65 
Countries Around the World

>250,000 total implants to date 



Estimated Global TAVR Procedure Growth

SOURCE: Credit Suisse TAVI Comment –January 8, 2015. ASP assumption for 2024 and 2025 based on analyst 
model. Revenue split assumption in 2025 is 45% U.S., 35% EU, 10% Japan, 10% ROW

In the next 10 years, TAVR growth will increase X4!



Estimated Global TAVR Economic Growth

SOURCE: Credit Suisse TAVI Comment –January 8, 2015. ASP assumption for 2024 and 2025 based on analyst model. Revenue split assumption in 2025 is 
45% U.S., 35% EU, 10% Japan, 10% ROW; Morgan Stanley Comment July 6,2015 

In the next 10 years, TAVR economics will increase X4!



TAVR “Underutilization” is Largely Driven by 
Variation in Health Policy and Reimbursement

8

SOURCE: Eurostat, U.S. Census Bureau, Industry estimates

2015 Country TAVR Penetration
Total TAVR Units / Millions of Inhabitants



Estimated US and EU TAVR Sites 
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SAVR Tissue SAVR Mech TF TAVR TA TAVR

TAVR now accounts 
for 32% of all AV 

replacements

SOURCE: FY2015 MedPAR, all cases on file regardless of IPPS status

Medicare AV Cases in 2015



• Global Demographics and Economics

TAVR Journey - 2016

Economic concerns due to high procedure 
costs have influenced TAVR growth and 
utilization cw surgery.  Improved efficiencies 
of clinical care pathways after TAVR have 
reduced the differences and narrowed the 
gap.



Total index hospitalization cost* (TF TAVR)

Length of stay (TF TAVR)

1 2

*Index hospitalization cost adjusted to reflect commercial device price
Reynolds et al.,Cost Effectiveness of Transcatheter Aortic Valve Replacement Compared with Standard Care. Circulation. 2012;125:1102-1109
Babaliaros et al., Comparison of a Minimalist Approach Transfemoral TAVR with Standard Approach Transfemoral TAVR. J Am Coll Cardiol. 2014;63(12_S)

Procedural efficiencies are reducing 
TAVR costs in the US

$76,063 $71,118
$64,772 $62,587 $59,893

$45,485

PARTNER 
Cohort B2

2012 
MedPAR

2013 
MedPAR

2014 
MedPAR

2015 
MedPAR

Emory 
optimized 
approach

10.1 days 8.1 days 7.9 days 7.1 days 6.4 days 3.0 days



• The Low-Risk Journey 

TAVR Journey - 2016

The relentless evolution of TAVR clinical 
growth has been driven by:

 the multi-disciplinary heart team

 commitment to evidence-based medicine

 rapid technology enhancement

 simplification of the procedure  

 striking reduction in complications  



The Low-Risk Journey
My Favorite Drink = Double-shot Mocha Latte



The Low-Risk Journey

79.9%

13.9%

6.2%

Intermediate risk 

(STS 4-8%)

Low risk 

(STS <4%)

High risk 

(STS > 8%)

STS database 2002-2010 (141,905 pts)



The Low-Risk Journey

79.9%

13.9%

6.2%

Intermediate risk 

(STS 4-8%)

Low risk 

(STS <4%)

High risk 

(STS > 8%)

STS database 2002-2010 (141,905 pts)

Since 2007, in the U.S.,  
>15,000 patients 

have been enrolled
in FDA studies 

(including 6 RCTs) with 
multiple generations of 

two TAVR systems!



The Low-Risk Journey

79.9%

13.9%

6.2%

Intermediate risk 

(STS 4-8%)

Low risk 

(STS <4%)

High risk 

(STS > 8%)

STS database 2002-2010 (141,905 pts)

PARTNER 1A, 1B
CoreValve Extreme/High-Risk



PARTNER Manuscripts in NEJM
(October, 2010 – May, 2012)



CoreValve High-Risk U.S. Pivotal Trial
(1 and 2-Yr Follow-up)



ACC 2015

18.9%

14.1%

Δ = 4.8

All-Cause Mortality 

Months Post-Procedure

Δ = 6.5

22.2%

28.6%

Log-rank P=0.04



The Low-Risk Journey

79.9%

13.9%

6.2%

Intermediate risk 

(STS 4-8%)

Low risk 

(STS <4%)

High risk 

(STS > 8%)

STS database 2002-2010 (141,905 pts)

PARTNER 2A, S3i
SURTAVI, UK TAVI



The PARTNER 2A and S3i Trial
The NEJM and Lancet On-line



The Low-Risk Journey

79.9%

13.9%

6.2%

Intermediate risk 

(STS 4-8%)

Low risk 

(STS <4%)

High risk 

(STS > 8%)

STS database 2002-2010 (141,905 pts)

NOTION All Comers, 
PARTNER 3 LR, CoreValve LR
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P value (log rank) = 0.26

Months Post-procedure

SAVR

0 1 2 3 4 5 6 7 8 9 10 11 12

TAVR

15.7%

11.3%

6.3%

11.9%

No. at risk:
TAVR
SAVR

143
134

133
118

129
115

118
105

15%

20%

10%

5%

0%

NOTION: Death (all-cause), Stroke or MI
at 1 Year (as-treated)



• The Low-Risk Journey 

TAVR Journey - 2016

Risk stratification for TAVR, especially 
based upon surgical risk scores, is 
imprecise, heavily biased, and mainly 
served a regulatory purpose to control 
clinical expansion of TAVR and to 
encourage a disciplined commitment to 
evidence-based risk-cohort studies!



ACC/AHA 2014 Risk Assessment (with MHT*)
Combining STS Risk Estimate, Frailty, Major Organ 
System Dysfunction, and Procedure-Specific Impediments

Low Risk 

(ALL criteria)

Intermediate 

Risk (any 1)

High Risk 

(any 1 criteria)

Prohibitive Risk

(any 1 criteria)   

STS PROM* <4%

AND 

4% to 8%

OR

>8%

OR

Predicted risk with 

surgery of death or 

major morbidity (all-

cause) >50% at 1 y 

OR

Frailty None

AND

1 index (mild)

OR

2 or more indices 

(moderate-severe)

OR

Major organ system 

compromise not to 

be improved postop

None

AND

1 organ system 

OR

No more than 2 

organ systems 

OR

3 or more organ 

systems 

OR

Procedure-specific 

impediment

None Possible procedure-

specific impediment

Possible procedure-

specific impediment

Severe procedure-

specific impediment

* Multi-disciplinary Heart Team



The Low-Risk Journey
Imagery of TAVR Risk Strata

AS Patient Population Requiring Treatment
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AS Patient Population Requiring Treatment



The Low-Risk Journey
Imagery of TAVR Risk Strata

AS Patient Population Requiring Treatment



• Development sample = 13,718 consecutive U.S. patients from 265 
centers in the STS/ACC TVT registry undergoing TAVR from Nov 1, 2011 
to Feb 28, 2014. Validation cohort 6,868 consecutive patients from 
March 1 to Oct 8, 2014 

• Covariates selected based on expert opinion and statistical analysis; 
relationship between in-hospital mortality and baseline covariates 
estimated by logistic egression; final predictors selected via stepwise 
variable selection 

TAVR Risk Model from TVT Registry

JAMA Cardiol; March 9, 2016



• Development sample:  mean age 82.1 yrs, 51.1% women 
and in-hospital mortality = 5.3% 

• C statistic for discrimination = 0.67 (95% CI 0.65-0.69)

TAVR Risk Model from TVT Registry
Model Coefficients

JAMA Cardiol; March 9, 2016



• The Low-Risk Journey 

TAVR Journey - 2016

Realization of TAVR (society guidelines and 
reimbursement) for essentially ALL 
patients (including low-risk) with AS 
requiring treatment, will still require…

 completion of the low-risk RCTs

 meaningful TAVR risk scores

 management of valve durability issues



The PARTNER 3 Trial
Study Design

1:1 Randomization 

(n=1228)

TF - TAVR

(SAPIEN 3)

Surgery 

(Bioprosthetic Valve)

Follow-up: 30 days, 6 mos, 1 year and annually through 10 years

CT Imaging Sub-Study (n=200) 

Low Risk ASSESSMENT by Heart Team
(STS < 4%, TF only)

Symptomatic Severe Calcific Aortic Stenosis

PRIMARY ENDPOINT: 

Composite of all-cause mortality, all strokes, 

or re-hospitalization at 1 year post-procedure

Bicuspid Valves

(n=100)

ViV (AV and MV)

(n=100)

PARTNER 3 

Registries

Alternative Access 

(n=100) 

(TA/TAo/Subclavian)

Actigraphy/QoL Sub-Study (n=100)

CT Imaging Sub-Study (n=200) 

Actigraphy/QoL Sub-Study (n=100)



MEDTRONIC TAVR IN LOW RISK PATIENTS

TRIAL DESIGN & 
LEAFLET SUB-STUDY

34

 Patient Population: Low Risk Cohort
 Determined by Heart Team to be low surgical risk

 Primary Endpoint:
 Safety: Death, all stroke, life-threatening 

bleeding, major vascular complications, or AKI 

at 30 days

 Efficacy:  Death or major stroke at 2 years

 Sample Size: ~1200 Subjects

 Follow-up Evaluations:
 30-days, 6-month , 18-month, and 1 Through 5 years

 Number of Sites: Up to 80 sites



• Proposing New Guidelines

TAVR Journey - 2016

The current TAVR guidelines (ESC and 
AHA/ACC) are already anachronistic and 
don’t reflect clinical practice!



2014 ACC/AHA Valve Guidelines

CHOICE of Intervention for AS 

Indication for AVR

Surgical 
AVR (I) 

High 
surgical risk

Low-intermediate 
surgical risk 

Heart Valve Team (I) 

TAVR 
(IIa)

Palliative 
Care

TAVR 
(I) 

BAV (IIb) 

Bridge to 
SAVR or TAVR 

for severe 
symptoms

Prohibitive
surgical risk

Predicted post-TAVR
survival > 1 yr

YES NO



• Proposing New Guidelines

TAVR Journey - 2016

Therefore, until the guidelines are updated, 
we should consider introducing “clinical” 
guidelines to help the practicing  TAVR 
community, based upon…

 ALL available clinical trial evidence

 global trends and accepted clinical practices

 important “secondary” endpoints which 
better indicate the impact/value of TAVR



2014 ACC/AHA Valve Guidelines

CLASSIFICATION of Recommendations 



CLASS I

Benefit >>> 
Risk

SHOULD
be performed

TAVR Clinical Use in 2016
(evidence + common sense)

Class Ia (of course!)
• Cannot have surgery (= inoperable, 

extreme risk, prohibitive risk)
 esp. technical reasons (e.g. hostile 

chest, chest RT, etc.)
 beware futility (e.g. wheelchair-bound, 

ultra-frail, extreme co-morbidities)  
• “Very” high-risk for surgery

 e.g. severe COPD, chronic liver 
disease, dementia, severe PH



CLASS I

Benefit >>> 
Risk

SHOULD
be performed

TAVR Clinical Use in 2016
(evidence + common sense)

Class Ib (enough already!)
• ≥ 90 years old
• All other high-risk patients
• Aortic valve-in-valve (high-risk)
• Special considerations

 low EF (esp. <30%)
 CKD on dialysis
 small annulus (esp. in women)
 low flow-low gradient AS



TAVR Clinical Use in 2016
(evidence + common sense)

Class IIa (strong preference!)
• Intermediate-risk patients (esp. TF)
• ≥ 80 years old 
• Aortic valve-in-valve (normal risk)
• Severe asymptomatic AS (PV > 5 m/s) 
• Concomitant disease

 previous CABG
 CKD not requiring dialysis
 CAD – non-complex
 RH failure

CLASS IIa

Benefit >> 
Risk

IT IS 
REASONABLE 

to perform



TAVR Clinical Use in 2016
(evidence + common sense)

Class IIb (on the fence = need more
evidence; proceed with caution)
• Low-risk patients (except as above)

 ? bicuspid aortic valve disease
 < 65 years old (the durability issue)

• High “anatomic” risk for TAVR
 extreme calcification (esp. LVOT) and

high risk of rupture or CA occlusion
 marked horizontal aorta 

CLASS IIb

Benefit ≥ 
Risk

MAY BE 
CONSIDERED 
to perform



TAVR Clinical Use in 2016
(evidence + common sense)

Class III (stay away!)
• Concomitant CV lesions requiring 

surgery (e.g. aortopathies, complex CAD, 
other valve lesions)

• Poor candidates for TAVR due to technical 
or anatomic reasons 
 annulus size too small/large
 LV thrombus or endocarditis

CLASS III

No Benefit 
OR Harm

SHOULD NOT 
be performed



• The Durability Controversy

TAVR Journey - 2016

Until there is long-term (>10 years) reliable 
clinical and echo data on normal-risk patients 
treated with “modern era” transcatheter
bioprosthetic valves, there will always be 
concerns regarding “durability”!



PARTNER 5-year FU in Lancet
(March, 2015)
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TAVR Durability Issues



EuroPCR: Degenerated TAVR Not Uncommon 
by 10 Years
May 17, 2016 by Nicole Lou
MedPage

EuroPCR 2016: Study casts doubt on long-term 
TAVR durability
May 19, 2016 by Brad Perriello
MASSDEVICEShould We Worry about TAVR Durability?

Marie Thibault
May 19, 2016 by Marie Thibault
MDDI Early Transcatheter Aortic-Valve Device 

Durability Comes Under Scrutiny
May 31, 2016 by Patrice Wendling
Medscape



TAVR Durability Issues

Some of the problems associated
with this type of analysis…

• 2 center experience, ultra-sick patients,
earliest versions of the Sapien THV

• Incorrect statistical methods - THV 
degeneration is a time-dependent 
“process”, not  a clinical “event”

• Competing risks of frequent deaths in these patients with 
multiple co-morbidities creates censoring problems

• Echo data are incomplete - ascertainment and interpretation,  and 
definitions used were spurious - creates significant biases

• No. at risk after 5 years drops precipitously - tail shape unreliable
• “Clinical” SVD - freedom from re-intervention - never discussed



TAVR Durability Issues
The Gold Standards…

CE Perimount

Hancock II



Freedom from Structural Valve Deterioration  of 
Pericardial Aortic Bioprostheses
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TAVR Durability Issues
Early Failures of Surgical Valves…
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TAVR Durability Issues
General concepts…



• The Durability Controversy

TAVR Journey - 2016

Given the sensitivity of these long-term FU 
data, it’s the responsibility of all TAVR 
investigators to carefully examine their late 
FU patients according to agreed-upon 
principles and definitions, including FDA 
studies like PARTNER, which will now extend 
clinical and echo FU to 10 years!



CHU Rouen
239 pts from 2002-2011 (> 5 years FU)

Freedom from either 
reoperation, or if asymp,
echo mean valve gradient 
>40 mmHg or severe AR 
(effective ROA > 0.3cm2)

Among survivors, none with
MG >40 and only 1 pt with 
severe AR resulting in ViV
procedure



Vancouver
266 pts from before 2011 (> 5 years FU)

Freedom from Severe Failure Freedom from Reintervention



Valve Leaflet Abnormalities

Diastole

Systole

Makkar, et al. 2015



• The Durability Controversy

TAVR Journey - 2016

An ancillary concern has been valve leaflet 
thickening/thrombosis - incidence and clinical 
implications - multiple ongoing 4D CTA 
studies (>2,000 pts)…

 RESOLVE (400 pts, target = 1,000 pts) and 
SAVORY (120 pts)

 GALILEO Substudy (300 pts)

 PORTICO Substudy (200 pts), PARTNER 3 LR 
and Evolut LR studies (400 pts each)



• Mission Central = Next Steps to
Further Enhance TAVR Value 

TAVR Journey - 2016

 Continued expansion of clinical indications 
(test the outer limits)!



Heart Failure

LVEF < 50%

NYHA ≥ 2

Optimal HF 

therapy

(OHFT)

Moderate AS

International

Multicenter

Randomized

TAVR 

UNLOAD 

Trial

R

TAVR + 

OHFT

OHFT 

Alone

Follow-up:

1 month

6 months 

1 year

Clinical 

endpoints

Symptoms

Echo

QoL

Primary Endpoint
Hierarchical occurrence 
of:
 All-cause death
 Disabling stroke
 Hospitalizations for 

HF, aortic valve 
disease

 Change in KCCQ

Reduced AFTERLOAD

Improved LV systolic 

and diastolic function

TAVR - UNLOAD Trial Design
Moderate AS + HF

(600 patients, 1:1 randomized) 



• Mission Central = Next Steps to
Further Enhance TAVR Value 

TAVR Journey - 2016

 Continued expansion of clinical indications 
(test the outer limits)!

 Continued reduction of TAVR-related 
complications (strokes, PVL, and PM)



SENTINEL Study Design
(TAVR RCT)

Population: Subjects with severe AS with 

clinical indications for TAVR with the 

Edwards Sapien THV/XT/S3 or Medtronic 

CoreValve/Evolut-R 

N=296 subjects randomized 1:1:1

at sites in the U.S and Germany.

SAFETY ARM

TAVR with Sentinel

TEST ARM

TAVR with Sentinel

CONTROL ARM

TAVR only

Safety Follow-up

Histopathology

Safety Follow-up MRI Assessments Neurological and 

Neurocognitive Tests

Primary (superiority) Efficacy Endpoint: Reduction in median total new lesion 

volume assessed by 3T DW-MR by baseline subtraction (3-7 days) 

Primary (non-inferiority) Safety Endpoint: Occurrence of all MACCE at 30 days

US  Co-PIs:

Samir Kapadia

Susheel Kodali

German Co-PI:

Axel Linke 

RCT



• Mission Central = Next Steps to
Further Enhance TAVR Value 

TAVR Journey - 2016

 Continued expansion of clinical indications 
(test the outer limits)!

 Continued reduction of TAVR-related 
complications (strokes, PVL, and PM)

 Elimination of trans-thoracic access in 
non-TF cases



Trans-Caval Access for TAVR
(202 pts in 28 centers - 5/14/16)

0.014” 
guidewire

0.014” to
0.035” wire
convertor

0.035” 
microcatheter

Back end of 
0.014” guidewire

Electrosurgery
pencil



Direct Mediastinal Access for TAVR



• Mission Central = Next Steps to
Further Enhance TAVR Value 

TAVR Journey - 2016

 Continued expansion of clinical indications 
(test the outer limits)!

 Continued reduction of TAVR-related 
complications (strokes, PVL, and PM)

 Elimination of trans-thoracic access in 
non-TF cases

 Rational and properly studied adjunctive 
pharmacotherapy regimens



TAVR Adjunct Pharmacology
Customized Patient-Based Therapy



• Final Thoughts…

TAVR Journey - 2016

The ultimate role of TAVR is yet to be 
determined. But we can foresee a future time 
when the use of TAVR (vs. surgery) will be a  
risk-benefit assessment based upon clinical 
and anatomic factors, and not an imprecise  
risk stratification model!

Are We There Yet?



“Outpatient” Same-Day TAVR
Sacre-Coeur Hospital; Montreal, CN

Philippe

Genereux
Philippe

Demers

Donald

Palisaitis


