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Severe Aortic Stenosis is Under

diagnosed and Under-treated

Studies show at least 40% of severe aortic stenosis
patients are not treated with an AVR
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Predicting Risk for Cardiac Surgery

(Risk stratification)

u Surgical risk is most commonly estimated by the Society 

of  Thoracic Surgery Predicted Risk of  Mortality (STS-

PROM) and the European System for Cardiac Operative 

Risk Evaluation (Euro SCORE).

u Euro SCORE – validated in patients undergoing valve 

surgery.

u Logistic Euro SCORE – Persistently overestimate the 
mortality rate. the risk score divided by 3 – accepted true 
risk comparable to STS score.     

STS PROM score
u Derived from the STS database.

u Voluntary registry of  practice outcomes, which estimates 

the risks of  mortality, morbidity, renal failure, and length 

of  stay after valvular and nonvalvular cardiac surgeries.

u Underestimates the true mortality rate after the cardiac 
surgery.

u Truly reflects the operative and 30 day mortality for the 

highest risk patients undergoing aortic valve 

replacement.

u 2011 updated score – is especially for TAVR – includes 

liver disease assessed by MELD score, previous 

radiation therapy, porcelain aorta, oxygen dependence.  

u http://riskcalc.sts.org/stswebriskcalc/#/calculate
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Limitations of  Euro SCORE 

Do not include certain characteristics that would complicate 
surgery and increase operative mortality, such as 

u Previous mediastinal irradiation

u Presence of  severe calcification in the thoracic aorta(porcelain 
aorta)

u Anatomic abnormality of  the chest wall

u History of  mediastinitis

u Liver cirrhosis

u Patient’s frailty

Algorithms were calculated from patients who underwent surgery.

u Applicability to patients who were not surgical candidates ? 

Complexities of
Measuring Risk 

17

Porcelainaortain TAVR

candidate
LeonM etal. NewEnglandJournalof Medicine2010October21;363(17):1597-1607.
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Thourani, et al., AnnThoracSurg2015; 99: 55-61

SAVR Observed: Expected30dmortality
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6.2%

13.9%

79.9%

STSdatabase2002-2010

Surgery is Scary
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SurgicalAortic ValveReplacement

Å Generalanesthesia

Å Sternotomy

Å Cardiopulmonarybypass

Å Blood loss

Å Postopventilation/ICUstay

Å Significantrecoveryperiod

Canadian In Hospital Mortality for sAVR

In-hospital mortality 4% for

isolatedAVR in patients

acceptedfor surgical AV

replacement

What are the surgical outcomes?
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In-hospitalmortality
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Transcatheter Aortic Valve Implantation 

(TAVI)

TAVR: A Breakthrough

Technology

An Explosive
Growth

Trajectory
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IsTAVRSuperiorto Surgery?
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At 5 Years
Patientsthat

had TAVR with the
EdwardsSAPIEN

valveshowed
survival

equivalent
to SAVR
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MonthsPostRandomization
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HR [95%CI] = 1.04[0.86,1.24]

p (log rank) = 0.76
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Equivalentto Surgeryin High-RiskPatients

A L L C A U SE M O R TA L I T Y

A t 5 Ye a r s

PerACC / AHA Guidelines,TAVR is a reasonablealternative to surgery in patients
who meetanindicationfor AVR andwho havehigh surgicalrisk for surgicalAVR9

9. NishimuraRA et al. JACC.2014.doi: 10.1016/j.jacc.2014.02.537.

In PARTNER 1, transcatheter aortic valve replacement (TAVR) was
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Without treatment
94% of patients
in thestandard
therapygroup
died within

5 years

21.8% absolute

reduction in
mortality at

5 years
Months

93.6%

71.8%

HR [95%CI] = 0.50[0.39,0.65]

p (log rank) < 0.0001

StandardtherapyincludesmedicalmanagementandBAV
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Standard Rx (n = 179)

TAVR (n = 179)

50.7%

30.7%

TAVR was superior to standard therapy in patients with 
symptomaticsevere aortic stenosis who were not candidates 
for surgery

A L L - C A U SE M O R TA L I T Y

Inoperable Cohort

TAVI vsAVR in High-risk Patients

ÅLower30-daymortalitywith trans-femoralTAVI

ÅQuickerrecoveryof functionalstatus,exercise
capacity,andqualityof life

ÅCost-effective

ÅTAVI is thetreatmentof choicein thehigh-risk
population
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Why TAVI in

Low andIntermediateRisk?

ÅMortality will belower thanAVR

ÅMorbidity will beless

ÅRecoverywill bequicker

ÅPatientswill wantit

The PARTNER 2A Trial 
NEJM On-line
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Purpose

ÅTo evaluate the 1 -year clinical and echo 

outcomes of  SAPIEN 3 TAVR in intermediate -risk 

patients.

ÅTo compare these intermediate -risk patient 

outcomes using SAPIEN 3 TAVR with surgery results 

in similar intermediate -risk patients from the 

PARTNER 2A trial using a rigorous pre -specified 

propensity score analysis .

Unadjusted Time -to-Event Analysis
All-Cause Mortality (AT)

1077 1043 1017 991 963

944 859 836 808 795
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Unadjusted Time -to-Event Analysis
All Stroke (AT)
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Ó Moderate

8.0%

Paravalvular Regurgitation (VI)
3-Class Grading Scheme

P < 0.001 P < 0.001 

No. of echos 30 Days 2 Years

TAVR 872 600

Surgery 757 514

Mild

26.8%

Ó Moderate 0.6%

Mild 3.5%
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ÅIn intermediate-risk patients, SAPIEN 3 TAVR 

resulted in low 1-year rates of all-cause mortality 

(7.4%), all stroke (4.6%), and moderate or severe 

aortic regurgitation (1.5%)

The PARTNER 2A and S3i Trials
Conclusions 

1
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Is TAVR Superior to Surgery?
TheevidenceōǳƛƭŘǎΧ
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Pre-specified non -inferiority margin = 1.2  

0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3

Primary Non -Inferiority Endpoint Met

TAVR

n = 1011

19.3%

SAVR

n = 1021

21.1%

Relative Risk Ratio          0.92

Upper 1 -sided 97.5%CI    

1.09  

Non -Inferiority 

p-value = 0.001

Favors TAVR Favors Surgery

Primary Endpoint (ITT)
All-cause Mortality or Disabling Stroke

Risk ratio (test/control)

-10 -8 -6 -4 -2 0 2 4 6 8 10

Superiority Achieved

Weighted Difference        -

9.2%

Upper 2 -sided 95.0% CI  -5.4%  

Superiority Testing 

p-value < 0.001

Favors TAVR Favors Surgery

Primary Endpoint - Superiority

Death, Stroke, or AR Ó Mod at 1 Year (VI)

Is TAVR Superior to Surgery?
Theevidenceis clear
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I

II

III

IV

p = 0.90 p = 0.0013 p = 0.97

Died

All p < 0.001 for change from baseline to each time point 

NYHA Class (ITT)
All Patients

Number at risk:    1011 1020 875 977 817 899

Baseline 30 Days 2 Years
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 %

Echocardiography Findings (VI)
Aortic Valve Area

No. of Echos

Surgery 861 727 590 488

TAVR 899 829 695 567

p = NS

Error bars represent ± Standard Deviation
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Severity of PVR at 30 Days and 
All-cause Mortality at 2 Years (VI)

701 678 664 647 628 621 612 605 585

210 204 199 194 188 184 182 180 175

36 32 32 26 26 24 22 22 21

Number at risk:

None/Trace

Mild

Moderate/Sev

Overall Log-Rank p = 0.001

Mod/Sev (reference = None/Trace)

p (Log-Rank) < 0.001
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The PARTNER 2A Trial
Conclusions

In intermediate-risk patients with symptomatic severe 

aortic stenosis, results from the PARTNER 2A trial 

demonstrated that...

ÅTAVR using SAPIEN XT and surgery were similar 

(non-inferior) for the primary endpoint (all-cause mortality 

or disabling stroke) at 2 years.

ÅThe SAPIEN XT valve significantly increased echo AVA 

compared to surgery.
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ÅOther clinical outcomes:

ïTAVR reduced severe bleeding and new AF

ïSurgery reduced vascular complications and PV

ÅIn the SAPIEN XT TAVR cohort, moderate or severe 

PVR, but not mild PVR, was associated with 

increased mortality at 2 years.

The PARTNER 2A Trial
Conclusions 

ÅThe results from PARTNER 2A support the use of 

TAVR as an alternative to surgery in intermediate risk 

patients, similar to those included in this trial.

ÅIn patients who are candidates for transfemoral 

access, TAVR may result in additional clinical 

advantages.

ÅLong-term durability assessments of transcatheter 

bioprosthetic valves are still lacking and extrapolation 

of these findings to low-risk patients requires further 

clinical trial validation.

The PARTNER 2A Trial 
Clinical Implications
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TAVR – Current Landscape and
Limitations

Å

Å
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Å

Å

Stroke
Paravalvular leak
Pacemaker
Vascular complications
Minimalist Approach
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New cerebral lesions are found in the vast
majority of patients following TAVI

% of TAVR patients with new cerebral lesions on

Å   >3-fold risk of mortality

Å   >2-fold risk of dementia

Å   Cognitive decline

Å   Dementia
1. Saccoetal.,Stroke2013

2. Vermeeret al.,Stroke2003

3. Vermeeret al.,New EnglJMed 2009

Ghanem, et. al, JACC 2010

Å   68-100% of TAVR patients affected

Å   Most patients have multiple infarcts

Å   “Silent” infarcts associated with1,2,3

Å   2-4-fold risk of future stroke
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9

Stroke Reduction

1. Lower Profile Devices

2. Technical Adjustments ???

3. Anticoagulant & Antiplatelet Therapies

4. Embolic Protection Devices ???

CLEAN-TAVI shows Claret filters
significantly reduce lesion number and

volume

Claret Montage Cerebral Protection System significantly reduces new cerebral lesion
number and volume at 7 days, as measured by DW-MRI

Lesion Number per Patient Total Lesion Volume per Patient
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TAVR – Current Landscape and
Limitations

Å

Å
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Stroke
Paravalvular leak
Pacemaker
Vascular complications
Minimalist Approach

Outer SealingSkirt

ÅDesigned to minimize paravalvular (PV)
leak

FrameDesign

ÅEnhanced frame geometry for low delivery
profile

ÅCobalt-chromium

BovinePericardialTissue

2

3

3

1

2

1

DesignChangesEnable Low Delivery Profile

Outer sealingskirt virtually eliminatesmoderate-severePV leak*
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Paravalvular Leak Drops with CT Sizing

16.9%

11.4%

9.0%

3.4%5%
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ExtremeRisk
N=418

EvolutR CE
N=58

High Risk
N=356

CT-BasedSizing

ADVANCE
N=697

2D ECHOSizing

TAVR – Current Landscape and
Limitations
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Ferreira et al. PACE 2010;33:1364-72

Relationship of the Aortic Valve Complex
and the Cardiac Conduction System

üConduction disturbances are
not limited to TAVR (PPM
incidence after SAVR was
6.9% in PIIA*)
üPPM incidence after TAVR is

device specific (ESV – 6%,
MCV 28%§ )
üChanges to device design

and procedural technique
(higher implantation, less
oversizing, no BAV) may
reduce PPM rate going

forward

* Leon et al, NEJM 2016
§ Siontis et al. JACC 2014
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33.7%

28.9%

21.6%
19.8%

17.0%

13.0%
12.0% 11.7%

10.1% 9.7%

6.4% 5.9%
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LOTUS

N=250

LOTUS

RESPOND REPRISE II

+ Ext

N=249

CoreValve

Extreme

Risk

N=489

High Risk

N=390

CoreValve Direct Flow

N=100

SAPIEN 3

S3HR

N=583

Direct Flow

DISCOVER PARTNER II DISCOVER

Registry

N=250

Evolut R

CE Study

N=60

SAPIEN 3

PARTNER II

S3i

N=1076

Portico

CE Study

N=103

SAPIEN XT

PARTNER

IIB

N=284

SAPIEN

PARTNER

IIB

N=276

SAPIEN 3

CE IR

N=101

PermanentPacemakerRate

40%

1Van Mieghem,etal.,presentedatEuroPCR2015;2Meredith,et al.,presentedatPCRLondonValves2014;3Popma,etal.,J AmColl Cardiol 2014;63: 1972-

81; 4Adams, etal.,N EnglJ Med2014;370: 1790-8;5Schofer,etal.,J AmColl Cardiol 2014;63: 763-8;6Kodali, etal.,presentedatACC 2015;7Naber,etal.,

presentedatEuroPCR2015;8Meredith,etal.,presentedatACC 2015;9Kodali,et al.,presentedatACC 2015;10Manoharan,etal.,et.al.presentedatTCT
2014;11Leon,et.al. presentedatACC 2013;12Vahanian,etal.,presentedatEuroPCR2015
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TAVR – Current Landscape and
Limitations

Å

Å

Å
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Å

Stroke
Paravalvular leak
Pacemaker
Vascular complications
Minimalist Approach

12

Dramatically DecreasingSheathProfiles
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25

p = 0.04
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S3IR

2%

TAVR – Current Landscape and
Limitations
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Stroke
Paravalvular leak
Pacemaker
Vascular complications
Minimalist Approach
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14

No Incision (Fully Percutaneous)

No Intubation

No TEE

Avoidance of post-op ICU care

Use of Cath Lab as opposed to Hybrid OR

Limit Lines

What is the Minimalist
TAVR?

What’s Next?
Efficiency and Economics: Minimalist TF TAVR

Å

Å

Å

Å

No General Anesthesia, No TEE

Maintain superior outcomes, short and long term

Decrease resource utilization and cost

May 2012Sept2007

Simplify procedure

Courtesy Emory
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SomeDatawith EWSapien

Mid-TermMortality with Minimalist Approach

$45,485 ± 14,397

$55,377± 22,587

CostSavingwith Minimalist Approach

Take Home Message
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u TAVI outcomes in high-risk patients in experienced centers are already 

better than AVR outcomes in all-comers.

u Technological advances in TAVI have already and will continue to lead to 

better results.

u TAVI outcomes in intermediate and low-risk patients will inevitably be 

even better.

u Current long-term data show excellent durability of  TAVI valves and good 

clinical outcomes.

u Just like PCI vs CABG, reduced morbidity, accelerated recovery, and 
patient preference make TAVI the preferred treatment option.

u The envelope for TAVI should be extended to all patients with aortic 

stenosis.

Thank You


