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Our patient….

• 84 year old man.  
• Lives with his son but remains active. 
• Generally able to climb up stairs, but 

progressive limitation due to dyspnea.

• Prior medical history:
• CAD s/p CABG
• CKD with baseline creatinine 1.5
• History of TIA
• s/p endovascular AAA repair



Our patient….

• Physical Exam:
• BP 132/74 mm Hg, HR 68
• Dampened, delayed carotid 

upstroke (parvus et tardus)
• Late-peaking systolic ejection 

murmur (ii/vi)
• Muffled aortic component of S2

• ECG: sinus rhythm with LVH with 
repolarization changes (strain pattern)



Aortic Valve Stenosis

JAMA Cardiol. 2016;1(5):623.

Image courtesy of Michael Davidson, MD



Our patient….

• 94 year old man.  
• Lives with his son but remains active. 
• Generally able to climb up stairs, but 

progressive limitation due to dyspnea.

• Prior medical history:
• CAD s/p CABG
• CKD with baseline creatinine 1.5
• History of TIA
• s/p endovascular AAA repair



Aortic Valve Stenosis

JAMA Cardiol. 2016;1(5):623.

Image courtesy of Michael Davidson, MD



Aortic Valve Stenosis: The diagnosis

• Any aortic stenosis: 14.2%

• Severe aortic stenosis: 3.4%

J Am Coll Cardiol. 2013; 54(6).

Eur J Echocardiogr. 2009;11(1). 



Aortic Valve Stenosis: The diagnosis

Eur J Echocardiogr. 2009;10(1):1-25. 



Aortic Valve Stenosis: The diagnosis



Aortic stenosis is deadly.

From Braunwald’s Heart Disease, 10th ed.
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Mortality without valve replacement
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Standard Rx 179 121 83 41 12
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Low-flow, low gradient AS

Clavel, Magne, Pibarot. European Heart Journal, 2016.



Surgical AVR - A Dramatic 
Intervention





Surgical Aortic Valve Replacement

• More surgery being 
performed through 
6-8 cm incisions



Surgical Aortic Valve Replacement

Society of Thoracic Surgery. 2017.



Surgical Aortic Valve Replacement

Society of Thoracic Surgery. 2017.



“Inoperability”

Age 84

Age 72

Age 72



The standard discussion in the elderly.

Vs.



The U.S. Population is 

Aging Rapidly

Sources of data: U.S. Census Bureau, “65+ in the United States: 2005,”December 2005; U.S. 
Census Bureau, U.S. Interim Projections by Age, Sex, Race, and Hispanic Origin, 2004.

U.S. Population Aged 85+ (in millions)



In the pre-TAVR era, 50-60% of patients with 
severe AS did not undergo AVR.

Bach DS, et al. Circ Cardiovasc Qual Outcomes. 2009;2:533-539



Aortic Stenosis is...

• Common

• Debilitating and deadly

• Readily treated….(sort of)….

*Lindroos M, Kupari M, Heikkila J, Tilvis R. Prevalence of aortic valve abnormalities in the elderly: an 
echocardiographic study of a random population sample. J Am Coll Cardiol 1993;21:1220—5



Evolution of our approach…

Rogers, Thourani, Waksman, JAHA. 2018.



Transcatheter aortic valve 
replacement (TAVR): 

Disruptive technology







What does TAVR look like?

Animation from American Heart Association.



What does in look like in practice?

Use Center Marker and fine 
positioning feature

Slow, controlled initial 
inflation using

nominal volume

Deployment

Precise placement 

Initial Positioning Final Placement



There was one other breakthrough…



SAPIEN 3 Transcatheter Heart Valve 

Outer Sealing Skirt

• Designed to minimize paravalvular 
(PV) leak

Frame Design

• Enhanced frame geometry for low 
delivery profile 

• Cobalt-chromium

Bovine Pericardial Tissue
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All Cause Mortality
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Numbers at Risk

TAVI 179 138 122 67 26

Standard Rx 179 121 83 41 12

∆ at 1 yr = 20.0%
NNT = 5.0 pts
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Clinical Outcomes at 30 Days and 1 Year

Major Vascular
Complications

P<0.0001 P<0.0001

Major Bleeding

P<0.0001 P = 0.007
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Clinical Outcomes at 30 Days and 1 Year
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Timeline of TAVR adoption by 
regulators

Rogers, Thourani, Waksman, JAHA. 2018.



Evolution of our approach…

Rogers, Thourani, Waksman, JAHA. 2018.



Evolution of our approach…

Rogers, Thourani, Waksman, JAHA. 2018.



Valve

Technology

SAPIEN SAPIEN XT SAPIEN 3

Sheath 

Compatibility

Available 

Valve Sizes

23 mm 26 mm 20 mm 23 mm 26 mm 29 mm

SAPIEN Platforms in PARTNER
Device Evolution

22-24F 16-20F 14-16F

23 mm 26 mm 29 mm
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Number at risk:
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Surgery

p (log rank) = 0.253

HR [95% CI] = 0.89 [0.73, 1.09]
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Unadjusted Time-to-Event Analysis –S3
All-Cause Mortality and All Stroke (AT)

1077 1012 987 962 930
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Favors TAVR Favors Surgery

Superiority Analysis
Components of Primary Endpoint (VI)
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Stroke

Mortality

AR > Moderate

Weighted Difference    -5.2%

Upper 2-sided 95% CI  -2.4%  

Superiority Testing 

p-value < 0.001

Weighted Difference    +1.2%

Lower 2-sided 95% CI  +0.2%  

Superiority Testing 

p-value = 0.0149

Weighted Difference    -3.5%

Upper 2-sided 95% CI  -1.1%  

Superiority Testing 

p-value = 0.004
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All Strokes at 30 Days
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Evolution of our approach…

Rogers, Thourani, Waksman, JAHA. 2018.
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Evolution of our approach…

Rogers, Thourani, Waksman, JAHA. 2018.



TAVR in low risk patients (2019)



MJ Mack et al. N Engl J Med 2019;380:1695-1705.

Important Endpoints in low-risk TAVR vs. SAVR



MJ Mack et al. N Engl J Med 2019;380:1695-1705.

Quality of Life in low-risk TAVR



MJ Mack et al. N Engl J Med 2019;380:1695-1705.

Low-risk TAVR subgroups



Evolution of our approach

Now…



TAVR Access



Alternative Approaches:
You can be creative…

Aortic

Caval

Apical

Photo courtesy of Michael Davidson, MD; 

Schematics from AHA and Lederman et al. JACC.  2014.



Alternative approaches
You can be creative…

Zhan, Wimmer, Shah, Davidson. J Card Surg. 2015. 



Procedural Developments and 
Continued Iterative Developments…



Evolution of our approach…
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Evolution of our approach…
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Evolution of our approach

Now…



Evolution of our approach
When not to choose TAVR…

Indications

1. Young patient requiring a mechanical valve. 
---Controversial: Young patient who wants a biologic valve but will outlive the 

prosthesis.

2. Bicuspid aortic stenosis with dilation of the ascending aorta

3. Very large aortic annulus

4. Patients ineligible for transfemoral access

5. Aortic stenosis with multivessel coronary artery disease



Current Limitations:

➢Vascular Complications
• Smaller devices (14 Fr)
• Alternative access 

➢Stroke
• Rates are improving
• Embolic protection 

devices being studied

➢Perivalvular Leak 
• Better sizing (MDCT)
• Better “skirts”

TAVR:  Future Directions





Bottom line

• TAVR is FDA approved for the treatment of 
severe aortic stenosis across the risk 
spectrum!!!! 

• Understanding the role of TAVR in younger 
patients will evolve over time.



Questions?



Switch gears…



Mitral Regurgitation…
a mixed bag of pathologies



MitraClip schematic

NEJM 2011.



MitraClip schematic

NEJM 2011.



Mitraclip in practice



MitraClip hemodynamics (pre)



After first clip



After second clip



Everest II Final results (Degenerative)



COAPT trial in functional MR

Stone. NEJM. 2018.



Mitra FR trial in functional MR

Obadia. NEJM. 2018.



The evolution…

• Technologies to address valvular pathologies 
in less invasive ways continue to progress

• Exciting times are ahead!!!!



Thank you!

For further discussion or to refer a patient:

Neil Wimmer, MD MSc
neil.j.wimmer@christianacare.org

Mary Kate Carroll
TAVR Clinical Practice Coordinator
302-733-7714
Mary.Carroll@christianacare.org

mailto:neil.j.wimmer@christianacare.org
mailto:Mary.Carroll@christianacare.org




Extra Slides



The Heart Team…an expanding 
concept

Chawla, Zhang, Shah, Norton, Wimmer. Submitted. 2018.



Ongoing clinical trials in low risk 
patients

Rogers, Thourani, Waksman, JAHA. 2018.



The honest truth about many of our 
conversations in clinic.

Vs.



Decision aides from ACC Championing Care Initiative (2014-2015).



Decision aides from ACC Championing Care Initiative (2014-2015).



Embolic protection devices

Kapadia. J Am Coll Cardiol. 2017.



Embolic protection devices

Kapadia. J Am Coll Cardiol. 2017.



There are options besides balloon 
expandable valves



CHOICE Trial: comparison of balloon 
expandable vs. self expandable

JAMA. 2014;311(15):1503-1514. 



CHOICE Trial: comparison of balloon 
expandable vs. self expandable

JAMA. 2014;311(15):1503-1514. 



Other Outcomes of TAVR vs. SAVR in 
Intermediate risk patients





Evolution of our approach…

Rogers, Thourani, Waksman, JAHA. 2018.



Evolution of our approach

Rogers, Thourani, Waksman, 

JAHA. 2018.



Outcomes of TAVR vs. SAVR in 
Intermediate risk patients



Evolution of our approach
When not to choose TAVR…

Indications

1. Young patient requiring a mechanical valve

2. Bicuspid aortic stenosis with dilation of the ascending aorta

3. Very large aortic annulus

4. Patients ineligible for transfemoral access

5. Aortic stenosis with multivessel coronary artery disease

Rogers, Thourani, Waksman, JAHA. 2018.



Ongoing clinical trials in low risk 
patients

Rogers, Thourani, Waksman, JAHA. 2018.



Other Unadjusted Clinical Outcomes
At 30 Days and 1 Year (AT)

Events (%)

30 Days 1 Year

TAVR

(n = 1077)

Surgery

(n = 944)

TAVR

(n = 1077)

Surgery

(n = 944)

Re-hospitalization 4.6 6.8 11.4 15.1

MI 0.3 1.9 1.8 3.1

Major Vascular Complication 6.1 5.4 --- ---

AKI (Stage III) 0.5 3.3 --- ---

Life-Threatening/Disabling 

Bleeding 
4.6 46.7 --- ---

New Atrial Fibrillation 5.0 28.3 5.9 29.2

New Permanent Pacemaker 10.2 7.3 12.4 9.4

Re-intervention 0.1 0.0 0.6 0.5

Endocarditis 0.2 0.0 0.8 0.7



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

A
ll
 S

tr
o

k
e

 (
%

)

1077 1012 987 962 930

944 805 786 757 743

4.6%

8.2%

2.7%

6.1%

0

10

20

30

40

0 3 6 9 12

Number at risk:

S3 TAVR

P2A Surgery

Months from Procedure

SAPIEN 3 TAVR

P2A Surgery



Partner Trial – High Risk Cohort



Paravalvular Regurgitation
3-Class Grading Scheme (VI)

P < 0.001 P < 0.001 

No. of echos 30 Days 1 Year

P2A Surgery 755 610

S3i TAVR 992 875

Mild

39.8%

≥ Moderate

1.5%



The PARTNER 2A and S3i Trials
Study Design

Intermediate Risk Symptomatic Severe Aortic Stenosis

Intermediate Risk ASSESSMENT by Heart Valve Team

TF TAVR
SAPIEN 3

TA/TAo TAVR
SAPIEN 3

P2 S3i
n = 1078

ASSESSMENT: 
Optimal Valve 

Delivery Access 

Transapical /
Transaortic (TA/TAo)

Transfemoral (TF)

Surgical 
AVR

Surgical 
AVR

P2A
n = 2032

ASSESSMENT: 
Transfemoral Access

Transapical /
TransAortic (TA/TAo)

Transfemoral (TF)

1:1 Randomization1:1 Randomization

Yes No

TF TAVR SAPIEN 
XT

VS VS
TA/Tao TAVR

SAPIEN 3

Primary Endpoint: All-Cause Mortality, All Stroke, or Mod/Sev AR at One Year 
(Non-inferiority Propensity Score Analysis)





Iterative change and refinement of a 
technique

20 mm 23 mm 26 mm 29 mm

Sheath size 14 Fr 14 Fr 14 Fr 16 Fr

Minimum 
vessel diameter

5.5 mm 5.5 mm 5.5 mm 6 mm



Intermediate risk meta-analysis

Siemieniuk et al. BMJ. 2016

NOTION and PARTNER 2A provided data to 24 months, and US Pivotal provided data 
to 36 months



There are options besides balloon 
expandable



CHOICE Trial: comparison of balloon 
expandable vs. self expandable

JAMA. 2014;311(15):1503-1514. 



When it comes to talking to elderly 
patients about this….



Decision aides from ACC Championing Care Initiative (2014-2015).



Decision aides from ACC Championing Care Initiative (2014-2015).



The honest truth about many of our 
conversations in clinic.

Vs.







Transcatheter aortic valve replacement (TAVR) enabling devices developed to facilitate the 

procedure and reduce the risk of complications. 

Christos V. Bourantas, and Patrick W. Serruys Circulation 

Research. 2014;114:1037-1051

Copyright © American Heart Association, Inc. All rights reserved.



TAVR 348 298 261 239 222 187 149

AVR 351 252 236 223 202 174 142

All-Cause Mortality (ITT)
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FDA Label



Partner Trial -Inoperable: 2-year results

Leon MB, Smith CR, et al. N Engl J Med 2010



Design

Symptomatic Severe Aortic Stenosis

ASSESSMENT: Operability

The PARTNER II Study Design

Transapical/

Transaortic

ASSESSMENT: 

Transfemoral 

Access

tAVR

Trans

femoral

Surgical 

AVR

Transfemoral

Primary Endpoint: All Cause Mortality and 

Major Stroke (at 2 years)

tAVR

TA /  

TAO

Surgical 

AVR

1:1 Randomization1:1 Randomization

VSVS

tAVR 

SAPIEN XT

ASSESSMENT: 

Access

Neste

Registr

y 1

Transap

ical

N=100
tAVR 

SAPIEN

Primary Endpoint: All Cause Mortality , 

Rehospitalization and Major Stroke 

(at 1 Year)

1:1 Randomization

VS

Nested 

Regist

ry 2

Femor

aal 6-

7mm)

2 Parallel Trials: 

Individually Powered

3 Nested Registries

Operable

n=2000
Randomized 

patients

Inoperable

n=500 

Randomized 

patients

Nested Registry 3
•Transcatheter valve in surgical valve implantation (TV-SVI)
•n=100





Disabling Stroke (ITT)

SAPIEN 276 241 223 209 134

SAPIEN XT 284 250 238 227 145
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Half are dead at one year with medical rx

Leon MB, Smith CR, et al. N Engl J Med 2010



Controversies

• Surgical considerations
– Are there advantages to mini-AVR?
– Choice of valve:

‒ Performance considerations
‒ Durability
‒ Anticoagulation

• What patients should get transcatheter AVR 
(TAVR)?  

• What about “inoperable” patients?



When to Refer?

• Severe symptomatic AS

• Moderate or severe AS undergoing another 
cardiac operation

• Severe asymptomatic AS with

‒ LV systolic dysfunction

‒ Abnormal exercise response

‒ High likelihood of rapid progression
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All Strokes at 30 Days
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Embolic protection devices

Kapadia. J Am Coll Cardiol. 2017.



Embolic protection devices

Kapadia. J Am Coll Cardiol. 2017.



When it comes to talking to elderly 
patients about this….


