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Objectives

• To illustrate recent developments at 
the interface between cardiac 
surgery and interventional cardiology

• To provide an outlook for the near 
future of TAVI and device based 
enabling procedures



Structural Intervention

•Aortic Valves
–Status Quo

–Pipeline 

• Enabling Devices
–Embolic Protection



TAVI
• Started with pioneering efforts in the aortic 

valve and in grown up congenital heart 
disease. In cooperation with Startup 
Companies

• Henning Andersen

• Alan Cribier

• Philipp Bonhöffer



FIRST GENERATION DEVICES



Tricuspid valve, equine pericardium

Stainless steel stent frame

22mm Numed ballon catheter

Original crimper device

Compatible with 24-Fr sheath

Sapien Edwards Valve



CoreValve: Self-Expanding Prosthesis

A pericardium porcine tissue valve

Fixed to the frame in a surgical 
manner with PTFE sutures

• HIGHER PART : increases 
quality of fixation and axes the 
system

• MIDDLE PART : is 
constrained to avoid coronaries 
and carries the valve 

• LOWER PART: High radial 
force of the frame pushes aside 
the calcified leaflets and avoids 
recoil and para-valvular leaks







Cumulative TAVR Implants per Annum in 11 European Nations

2007 2008 2009 2010 2011
0

5000

10000

15000

20000

25000

30000

35000

C
u

m
u

la
ti
v
e 

im
p

la
n

ts
 p

er
 a

n
n

u
m

CUMULATIVE TAVI
2007 TO 2011

REGISTRY DATA



TAVI IMPLANTS PER MILLION
TAVR Implants per Million: 2007-2011
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NATIONAL TAVI PENETRATION
YEAR 2011

National TAVR Penetration: 2011
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MANAGEMENT OF SEVERE AORTIC STENOSIS
ESC GUIDELINES ON VALVULAR HEART DISEASE 2012

Severe AS

Symptoms

LVEF < 50%

No

Physically active

No

Presence of risk factors and low/intermediate 
individual surgical risk

No Yes

Re-evaluate in 6 months

AVR

AVR or  TAVI

No Yes

Symptoms or fall in blood
pressure below baseline

No

Contraindication for 
AVR

No Yes

Short life expectancy

No

TAVI

Yes

Med Rx

High risk for AVR

Exercice test

No Yes
Yes

Yes

Yes

Eur Heart J 2012 - doi:10.1093/eurheartj/ehs109 &        Eur J Cardiothorac Surg 2012 - doi:10.1093/ejcts/ezs455).

Severe AS

Symptoms

Yes

Contraindication for 
AVR

YesNo

Short life expectancyHigh risk for AVR

No

Yes

TAVI

TAVI



All-Cause Mortality (ITT)
All Patients

No. at Risk

HR [95% CI] =

1.04 [0.86, 1.24]

p (log rank) = 0.76

TAVR 348 262 228 191 154 61

SAVR 351 236 210 174 131 64

62.4%

67.8%

Error Bars Represent 

95% Confidence Limits



TAVI VS. SAVR
ALL-CAUSE MORTALITY IN HIGH-RISK PATIENTS

Adams DH et al. N Engl J Med. 2014 May 8;370(19):1790-8

INTERMEDIATE RISK PATIENTS





EVOLUTION OF DEVICES (2002 – 2015)

PROSTHESIS WITH CE – MARK APPROVAL

2015

2007

EDWARDS SAPIEN THV

TF, TA

TF, TS, DA

MEDTRONIC COREVALVE

2010

EDWARDS SAPIEN XT

TF, TA

2012

SJM PORTICO

TF

2011

SYMETIS ACURATE

TA

TA

JENAVALVE

TA

2013

DIRECT FLOW

MEDICAL

TF

MEDTRONIC

ENGAGER

TA

BSC LOTUS

TF

EDWARDS

SAPIEN 3

2014

TF, TA



74,6

17,8
5,8

1,8
FRANCE 2

TF

TA

TS

Tao/Tc

79,1

18,1

1,1

1,7
SWISS TAVI

WENAWESER P ET AL. EUROINTERVENTION 2014; 10:982-9

GILARD M ET AL. N ENGL J MED. 2012;366:1705-15

ACCESS ROUTE SELECTION

TOGGWEILER S ET AL. J AM COLL CARDIOL. 2012;59:113-8

TRANSFEMORAL TAVI
A FULLY PERCUTANEOUS PROCEDURE

TRANSCATHETER AORTIC VALVE IMPLANTATION

CONTEMPORARY CLINICAL PRACTICE



If the sheath does not want to move 
forward or back.......dont pull!!







Evolution of Results



Mortality at 30 Days
Edwards SAPIEN Valves (As Treated Patients) 

175 344 240 271 282 583 491 1072 947

SAPIEN SXT SAPIEN 3

PARTNER I and II Trials

Overall and TF Patients





Transfemoral: 
Puncture

Subclavia: cutdown

Transapical





Reducing the Hospital Stay







Evolution of Indications
Intermediate Risk





RISK DISTRIBUTION AMONG TAVI PATIENTS

NATIONWIDE SWISS TAVI REGISTRY

INCLUSION PERIOD

FEBRUARY 1ST 2011 – JANUARY 31ST 2015
2158 PATIENTS AT 14 CENTERS

0
1
0

2
0

3
0

4
0

5
0

6
0

S
T

S
 R

IS
K

O
F

M
O

R
T

A
L

IT
Y

01jan2011 01jan2012 01jan2013 01jan2014 01jan2015

DATE OF PROCEDURE

28,8

47,6

23,7

0

20

40

60

80

100

LOW INTERMEDIATE HIGH

STS < 4% STS 4 – 10% STS > 10%

%





Large Studies Proving Benefit



SECOND GENERATION VALVES













New Devices for Valvular Disease

• Not all of these might 
work as intended..





































TAVI Summary

• 2 Systems established the technology

• Careful device iterations lead to increasing

– Feasibility

– Predictability of Success

– Reduced Complications

– Expansion of the indication

• TAVI will become the procedure of choice for 
treatment of AS



Piazza EuroPCR 2014



EMBOLIC PROTECTION DEVICES



Clinical Manifestations
Acute Manifestations: PARTNER A and B (30-Day Events)

Smith et al. N Engl J Med 2011;364:2187-98. Leon et 

al. N Engl J Med 2010;363:1597-1607.
62



Timing of Neurological Events
PARTNER (Cohort A)



FRANCE 2

• N 3191 pts undergoing TAVI

• 3.98% reported CVE

– 55% major strokes

– 14.5% minor strokes

– 30.5 % TIA

• Predictors: advanced age, multiple valves

Tchetche et al. J Am Coll Cardiol Intv 2014;7: epub ahead of print



FRANCE 2: Timing of CVE

Tchetche et al. J Am Coll Cardiol Intv 2014;7: epub ahead of print

50% periprocedural
Majority of major strokes on day 1 !  



Reporting Stroke: 
What if we ask Neurologists ?

• Prospective evaluation of pts undergoing surgical AVR
• Pre and post assessment and DW MRI

• Clinical strokes in hospital: 17% 
• Moderate/severe: 4%
• TIA 2%
• Silent infarcts on MRI:  54%



Stroke

• Periprocedural Stroke remains a relevant clinical 
problem

• Numbers are likely to be higher

– When evaluated by neurologists

– Outside clinical trials

– In higher risk environment



Spectrum of Cerebrovascular Events



Postoperative cognitive capacity

cognitive decline 
memory 
mood disturbances
psychomotor speed
personality changes



Silent cerebral embolic events are common

New DW-MRI lesions post TAVI

DW-MRI: sensitivity 94%; specificity 97% for detecting stroke considered 

procedure of choice to detect acute neurologic deficits



Incidence of New Brain Lesions

*Knipp 2005, Stolz 2004.

**Astarci 2011, Ghanem 2010, Kahlert 2010, Rodés-Cabau 2011.



Neurocognitive Decline
and New Lesions 

• Pre-existing and new lesions on 
DW-MRI after catheterization is 
related to cognitive decline

• Patients with new ischemic lesions 
post CABG (20%) had a larger 
neurocognitive decline than the 
patients with stable

Increase MRI lesions
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Lund et al, 2005  Restrepo et al Stroke 2002



PREVENTION OF STROKE WITH 
DEVICES



Pathophysiology
Potential Paths of Cerebral Embolism

Layton KF et al. Bovine Aortic Arch Variant in Humans. AJNR 2006.

Right Carotid

Right Vertebral

Left Carotid

Left Vertebral

Typical aortic 

arch anatomy



EMBOLIC PROTECTION DEVICES

Triguard



2: Keystone Heart Embolic Deflection Device
Triguard

Ascending 
Aorta

Innominate A. L Carotid A.

L Subclavian A.

Retrieval Hook with  
Tether

Simple, Fast, Familiar through Femoral access 
to reduce procedural complexity

Designed for Coverage of All 3 Take-Offs

Nitinol Frame and Mesh
Self-positioning, with stabilizing 

atraumatic arms to avoid 
migration/embolization



Keystone Heart Overall Clinical Program
Completed

• DEFLECT I (N=37)

 Gen 1.0 TriGuard device

 Observational, compared to historical controls

 Reduction in lesion volume and total ischemic burden

 CE Mark in 2013

 PIs: M Mullen, MD

• DEFLECT II (N=15)

 FIM to assess the next generation TriGuard  1.5 device (EU)

Steerable

Pore size 120 micron with radiopaque markers for good visibility

 Data being analyzed

 PI: P Stella



DW-MRI Results
Lesion Volume Reduction vs. Historic Controls

(Kahlert 2010, Ghanem 2011, Astarci 2011, Stolz 2004, Rodes Cabau 2011)

28 Paired DW-MRI

Parameter DEFLECT-I 
N=28

Historical Data
N=150

Proportion of Patients with 
New Lesions

78.6% 77%

Number of New Lesions 5.14+ 6.10 
(0 - 28)

4.60
(0 -36)

Average New Lesion Volume 0.13+0.13 cm3

(0 – 0.47)
0.33 cm3

Total New Lesion Volume 0.77+0.96 cm3

(0 – 3.94)
2.18+4.5 cm3

(1.65 – 4.3)
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DW-MRI Results
Mean Total New Lesion Volume (cm³) 

Historic Vs. DEFLECT-I
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Full coverage(N=17)
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Baumbach,.., Lanksy Eurointervention 2015, epub ahead of print 
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DW-MRI Results
Mean Single New Lesion Volume (cm³) 
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Overall Clinical Program
Enrolling

• TransAortic (N=20)

Observational, compared to single center data without 
protection (Canada)

PI J Rhodes-Cabau

• NeuroTAVR (N=60)

 Observational multicenter study of contemporary TAVR 
(US)

PI: A Lansky

• DEFLECT III (N=86)

Multicenter, randomized 1:1 (EU)

PI: A Baumbach and A Lansky



DEFLECT III Study Overview

Design: Multicenter prospective 
single-blind randomized controlled 
trial at 13 sites (EU/IL)

Objective: To evaluate the safety, 
efficacy and performance of 
TriGuard protection compared 
with unprotected TAVR. 

Sample Size:  Exploratory study 
with no formal hypothesis testing. 

86 patients selected to benchmark 
events for the design of a pivotal 
RCT. 

Embolic 
Protection 
(TriGuard)

Unprotected 
TAVR

(Control) 

Subjects with AS undergoing TAVR

1:1 Randomization

Lansky,..Baumbach EHJ 2015 accepted for publication



DEFLECT III

• Pre Procedure Neurocognitive Assessment

Neurocognitive Assessment

Procedure 

Post Procedure 

DW MRI

DW MRI

Neurocognitive Assessment30 Day Follow-up 

+/-

N: 86



DW-MRI Results –
Patients with No Ischemic Brain Lesions
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4,9

0

27,8 27,5

14,3 14,3

35,5 35,5

0,0

5,0

10,0

15,0

20,0

25,0

30,0

35,0

40,0

ITT (n=76) PT (n=70) ITT (n=67) PT (n=60)

TriGuard

Control

P
er

ce
n

t 
o

f 
Su

b
je

ct
s

Clinical Efficacy Outcomes – NIHSS and MoCA

Patients with worsening NIHSS and MoCA from baseline to discharge

NIHSS MoCA

Protection had fewer strokes and 
better cognitive outcomes
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2/41 5/35 5/35

Lansky,..Baumbach EHJ 2015 accepted for publication



MoCA Score –Change from Baseline to Discharge (ITT)

Protection prevents a decline in cognition at discharge
B
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Age Adjusted

Lansky,..Baumbach EHJ 2015 accepted for publication



Clinical Efficacy: CogState-Test Results (PT)

p=0.043 p=0.028

Short term memory test

Protection is associated with improved short and delayed 
memory at discharge

Delayed memory test

Age Adjusted

Lansky,..Baumbach EHJ 2015 accepted for publication



Planned: REFLECT

A prospective multicenter randomized trial of 
TriGuardTM neuro protection vs no protection in 
patients undergoing TAVR

FDA IDE study (EU and US)

Randomized 1:1

Chair J Moses, PIs A Lansky and A Baumbach



Summary

• Stroke continues to be a clinically relevant problem

• ‘Silent’ cerebral infarcts are frequent and are likely to 

impact on cognitive function

• Initial results with cerebral protection devices are 

promising 

• This technology might improve outcomes in surgical 

and other interventional procedures



The Ultimate Goal

of

Device Based Treatment



Our 
Patients:

Old 
And 

Happy





MITRAL DEVICES
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