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• Nitinol single-wire frame and mesh filter with pore size of 
130μm designed to deflect cerebral emboli while allowing 
maximal blood flow 

• Device is positioned across all 3 cerebral vessels and 
maintained by a stabilizer in the innominate 

• Delivered via 9 Fr sheath from femoral artery 

The TriGuard™ HDH Device 



TriGuard Clinical Program 
N=107 in clinical trials 

N= 29 commercial EU cases 
Study Description N (TriGuard) Status 

First in Human Single center (NL) 15 Complete 

DEFLECT I  Prospective 
multicenter (EU) 

37 Complete – CE Mark 
received in 2013 

DEFLECT II Single center (NL) 12 Complete  

DEFLECT III RCT (EU/IL) 43 30-day follow up ongoing 

REFLECT Pivotal IDE Trial  
(US + EU) 

TBD IDE Approved – first 
subject in 2015 



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 
 PI: 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 

 PI: P Stella 
 

 



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) protection vs none in 

unrestricted TAVR population 
PI: A Lansky and A Baumbach 
 



REFLECT US IDE Trial 

5 

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

Chair: J Moses   PI: A Baumbach/ A Lansky 

Control  TriGuardTM   

 Subjects with AS undergoing TAVR  
via Femoral or TransApical Access 

Randomized 

Clinical Follow-up 
DWMRI: pre-discharge 

Clinical Evaluation 30 days 
Neurocognitive Eval: baseline, pre-discharge, 30 days 

Co-Primary Safety Endpoint (NI) 
VARC Device safety at 30 days 

 

Primary Efficacy Endpoint (superiority) 
New DWMRI Lesions 

MACCE: Composite of all cause death, Stroke, life threatening bleed, AKI 2-3, major vascular complications 

Key Secondary Endpoints: NeuroCognitive change 



WHAT HAVE WE LEARNT SO FAR? 



Screening Procedure Post-Procedure 30 days 

DEFLECT I Procedures & Assessments 

4±2 days 

TAVI 
± 

TriGuard 
 
 
 
 

NIHSS 
mRS 

Neurocog* 

*Neurocognitive test battery: Montreal Cognitive Assessment (MoCA) 

DW-MRI 
 
 
 
 

NIHSS 
mRS 

Neurocog* 

̴30 days 

DW-MRI 
 
 
 
 

NIHSS 
mRS 

Neurocog* 



DEFLECT I TriGuardTM Performance Success: 80% 

Characteristic Before TAVR After TAVR After TAVR 
Removal 

TriGuardTM access 
to Aortic Arch       37 (100%) 

TriGuardTM 
positioned in arch 37 (100%) 34 (97%) 29 (81%) 

TriGuardTM Covers 
all 3 vessels 33 (98%) 28 (80%) 23 (64%) 

TriGuardTM 
stabilized anchored 
in innominate 

31 (84%) 27 (79%) 22 (61%) 

TriGuardTM 
retrieved intact                                                                   37 (100%) 

9 A Baumbach, EuroIntervention 2015 in press 



Hierarchial TAVR Safety Endpoint 
VARC Defined Overall Composite Safety 

Characteristic In-hospital Cumulative 30 Days 
Composite Procedure-related Safety 16.2% (6) 18.9% (7) 
 All cause mortality 0% 2.7% (1)* 
 Major stroke disability 5.4% (2) 5.4% (2)* 
 Life threatening bleeding 8.1% (3) 8.1% (3) 
 Acute Kidney Injury-Stage 3 2.7% (1) 2.7% (1) 
 Peri-procedural MI 2.7% (1) 2.7% (1)* 
 Major vascular complication 8.1% (3) 8.1% (3) 
 Repeat procedure for valve dysfunction 2.7% (1) 2.7% (1)* 

* Not EDD related; 1 non-cardiac death (pneumonia) 
2 disabling strokes (not TriGuardTM related) occurred 1 day after TAVR. 
(1) in association with urgent surgical conversion of failed TAVR and  
(2) Following prolonged cardiac resuscitation.  
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Historic Data (N=150) 
TriGuard DEFLECT-I (N=28) 

DEFLECT I:  DW-MRI Results 
Number of DW MRI Lesions were lower (70% vs 76%) 

 
Total Lesion Volume (cm³)  

Historic Vs. DEFLECT-I DEFLECT-I 
Full Vs. Partial coverage 

Full coverage(N=17) 
Partial coverage (N=10) 

Historical Data: Astarci 2010, Ghanem 2010, Kahlert 2010,  
Fairbarn 2011, Knipp 2012 
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0.5+0.91 

1.3+0.85 (P=0.021) 

A Baumbach, EuroIntervention 2015 in press 
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Measuring cognition: 
MoCA 

• 30-item screening 
instrument.  Score<26 
suggest impairment. 

 
• Comprises total score 

and individual domain 
scores. 
 

• Does the degree of 
cognitive change relate 
to DWI measures? 

 



Neuro Cognitive Assessment 
Are we making a difference? 

MoCA Total Score 

p=0.034 

* 

Memory Score 



Neuro TAVR 

• Multicenter, prospective US registry to assess the 
incidence of new ischemic lesion by DWI MRI 
after TAVR and impact on neurocognitive function 

• 5 US Centers (Yale, Columbia, WHC, Baylor, 
Baptist Florida) 

• PI: Dr Alexandra Lansky 
• N= up to 60 patients (33 enrolled) 
• Same protocol inclusion/exclusion as DEFLECT I 
• Enrolling 



Baseline Demographics 
Characteristic DEFLECT N=37 NeuroTAVR (N=17) 
Age 83.1+6.3 83.1+17.5 
Female 24 (65%) 4 (23.5%) 
DM 5 (14%) 8 (47.1%) 
COPD 5 (13.5%) 3 (17.7%) 
Atrial Fibrillation 14 (38%) 7 (41%) 
Prior CABG/PCI 7 (19%)/ 4 (11%) 9 (56%)/ 11 (65%) 
NYHA Class I, II, III, IV 6 (17%)/7 

(20%)/21(58%)/2(6%
)  

0 (0%)/6 
(38%)/8(50%)/2(12.5

%)  
Prior CVA 2 (5%) 2 (11%) 
Renal insufficiency 6 (16%) 6 (35.3%) 



DW-MRI Results 
Neuro TAVR vs DEFLECT I 
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DEFLECT III Study Overview 
Design: Prospective single-blind 
randomized controlled trial at 
12 sites (EU/IL) 
Objective:  To evaluate the 
safety, efficacy and 
performance of TriGuard HDH 
embolic protection compared 
with unprotected TAVI.  
Sample Size:  No formal 
hypothesis testing. 86 subjects 
(43 per group) selected to 
provide safety and efficacy 
benchmarks for the design of a 
pivotal RCT.  

Embolic Protection 
(TriGuard HDH) 

 
Unprotected TAVI 

(Control)  
 

Subjects with AS undergoing TAVI 
(TF or TA access) 

1:1 Randomization 

Primary Endpoint: In-hospital MACCE 
defined as the composite of death, stroke, 
life-threatening or disabling bleeding, AKI 
(2/3), and major vascular complications  



Screening Procedure Post-Procedure 30 days 

DEFLECT III Procedures & Assessments 

NIHSS 
mRS 

Neurocog* 

4±2 days 

TAVI 
± 

TriGuard 
 
 
 
 

DW-MRI 
 
 
 
 

NIHSS 
mRS 

Neurocog* 

*Neurocognitive test battery includes the Montreal Cognitive Assessment (MoCA) and 
computerized CogState Research Test. Baseline and 30-day evaluations include supplemental 
Digit Symbol Substitution, Trailmaking, and Word Fluency Tests.  

DW-MRI 
 
 
 
 

NIHSS 
mRS 

Neurocog* 

̴30 days 



Lessons learned from DEFLECT so far…  

• TG device is safe and reduces 
ischemic burden compared to 
historic controls 

• On average Memory measured by 
MoCA improved at discharge 

• DEFLECT III at ACC and PCR 2015 
• REFLECT US IDE initiated Q1-

2/2015 
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