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Introduction Outline 
• Device Description 

 
• Proposed Indications for Use 
 
• Regulatory History 
 
• SENTINEL Study Design 
 
• Discussion Points 
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Device Description 

 

Ref: Figure 1: FDA Executive Summary 
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Device Description 

Ref: Figure 2: FDA Executive Summary 
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Indications for Use 
(as proposed by the Sponsor) 

“The Sentinel® Cerebral Protection System is indicated for 
use as a cerebral protection device to capture and remove 
embolic material while performing transcatheter aortic valve 
procedures in order to reduce ischemic injury to the brain 
peri-procedurally. The diameters of the arteries at the site of 
filter placement should be between 9 – 15 mm for the 
brachiocephalic and 6.5 mm – 10 mm in the left common 
carotid.” 
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Regulatory History 
February 14, 2014 – FDA conditionally approved an Investigational Device 
Exemption (IDE) for the SENTINEL study (G130276) 
 Edwards SapienXT valve only commercially available transcatheter aortic 

valve replacement (TAVR) device in the U.S.  
 

October 2, 2014 – First SENTINEL patient enrolled 
 
May 11, 2015 – Protocol modified to allow Medtronic CoreValve TAVR System 
 Approximately 10% of randomized patients had been enrolled 
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Regulatory History (cont.) 
July 27, 2015 – Protocol modified to allow the use of any FDA approved TAVR 
device  
 Approximately 15% of the randomized patients had been enrolled 
 
March 10, 2016 – Final SENTINEL patient enrolled 
 
May 6, 2016 – FDA approved a Continued Access cohort of the SENTINEL study.  
 Ultimately, not initiated by the sponsor 
 
September 20, 2016 – FDA received De Novo request DEN160043 
 Included the clinical study report of subjects enrolled in the SENTINEL study. 
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Scope of Meeting 

The purpose of this Advisory Panel meeting is to obtain input 
on critical aspects of the supporting clinical data.  

 
The Advisory Panel will not be asked to provide input on 

other regulatory aspects of the De Novo request. 
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SENTINEL Study Design 
Objective: 
• Assess the safety and 

effectiveness of the 
Sentinel System used for 
cerebral protection 
during TAVR compared 
to TAVR without cerebral 
protection.  

Key study attributes: 
• Prospective 
• Single blind 
• Multi-center 
• Randomized  
• Patients with severe 

symptomatic calcified native 
aortic valve stenosis 
indicated for TAVR 
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Primary Endpoints 
Safety 
 Major Adverse Cardiac and 

Cerebrovascular Events 
(MACCE) at 30 Days.  
 

MACCE = All Death, All Stroke, 
Acute Kidney Injury (class 3 at 
discharge or 72 hours post index 
procedure, whichever occurs first) 
as adjudicated by a Clinical Events 
Committee (CEC) using VARC-2 
definitions. 

Effectiveness 
 Total new lesion volume in 

protected territories as 
assessed by DW-MRI at 2-7 
days post-procedure. 

Ref: Appendix V: FDA Executive Summary 
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Study Success Criteria 
1. Primary safety endpoint: 30-Day MACCE rate for the Safety Cohort 

(Safety Arm and Test Arm) < Performance Goal of 18.3%.   

2. Superiority with respect to the primary effectiveness endpoint (Primary 
Effectiveness Criterion #1): The Test Arm is superior to the Control Arm 
with respect to the median total new lesion volume in protected 
territories at Day 2-7 post-procedure.  

3. Observed Clinical Treatment Effect (Primary Effectiveness Criterion #2): 
The ratio of the observed reduction in median total new lesion volume in 
the protected territories in the Test Arm compared to the median total 
new lesion volume in the protected territories in the Control Arm is ≥ 
30%.  
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Primary Discussion Points 
1. DW-MRI as a surrogate effectiveness endpoint  

 
2. Primary and secondary effectiveness results  

 
3. Debris capture  

 
4. Neurocognitive outcomes 

 
5. Indications for Use  

 
6. Labeling considerations 

 
7. Benefit-risk considerations 

 
8. Post-market data 
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FDA Presentations 
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     Conclusions 
 



17 

SENTINEL Clinical Results and 
Considerations  

Donna Buckley, MD, MS  
 

Division of Cardiovascular Devices 
Office of Device Evaluation 
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SENTINEL Clinical Results and  
Considerations Outline 

• Patient Accountability & Baseline/Procedural Characteristics 
 
• Safety Results 
 
• Effectiveness Results 
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Baseline & Procedural Characteristics 
There were observed statistical differences in: 
 

• Diastolic blood pressure  
• STS score  
• Stroke severity  
• Procedure time  
• Fluoroscopy time 

No concerning trends in Baseline or Procedural Characteristics   
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SENTINEL Clinical Results and  
Considerations Outline 

• Patient Accountability & Baseline/Procedural Characteristics 
 
• Safety Results 
 
• Effectiveness Results 
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SENTINEL Clinical Results and  
Considerations Outline 

• Patient Accountability & Baseline/Procedural Characteristics 
 
• Safety Results 
 
• Effectiveness Results 
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Effectiveness – Neurocognitive 
30-Day Change in Z-Score from Baseline (ITT) 

Ref: Figure 7: FDA Executive Summary 
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Effectiveness – Additional Analyses 
 

• Quality of Life 
No statistical/clinical differences between groups 
 

• Valve Type Subanalysis 
 Study not designed to assess differences between groups 

and data are inadequate to support inferences regarding 
performance of one valve type over another  

 
Ref: Table 21: FDA Executive Summary 
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Effectiveness – Additional Analyses 
 

• Debris Capture 
 

99% of cases debris was captured – acute thrombus with 
tissue and foreign material was the most commonly 
removed debris.   

 
The distinction of embolic capture versus possible filter 

generated debris (e.g., arterial wall, acute thrombus) is 
unclear.   

 
 Ref: Table 21: FDA Executive Summary 
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SENTINEL Statistical Results and 
Considerations  

Li Ming Dong, PhD  
 

Division of Biostatistics 
Office of Surveillance and Biometrics 
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SENTINEL Statistical Results and 
Considerations 

• Analysis Populations 
 

• Analyses of Primary Safety Endpoint 
 

• Analyses of Primary Effectiveness 
 
• MRI based Lesion Volume Measurement as a Measure of Cerebral Ischemia 
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Analysis Populations 
Primary Safety Endpoint 
• ITT with imputation 

 Multiple Imputation for missing 
30-Day MACCE evaluations 

• ITT 
 Completers of Safety Cohort 

(Safety Arm and Test Arm) 

• AT (As-Treated) 
 Patients received Sentinel 

Primary Effectiveness Endpoint 
• ITT with imputation 

 Multiple imputation for missing 
MRI scans  

• ITT 
 Completers of Imaging Cohort 

(Test Arm and Control Arm) 
• PP (Per-Protocol) 

 ITT further excludes out-of-
window MRI scans 
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SENTINEL Statistical Results and 
Considerations 

• Analysis Populations 
 

• Analyses of Primary Safety Endpoint 
 

• Analyses of Primary Effectiveness 
 
• MRI based Lesion Volume Measurement as a Measure of Cerebral Ischemia 
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Analysis of Primary Safety Endpoint  
                         Safety Cohort 

As Randomized 
N=244 

(ITT w. Imputation*) 
 

 
 
 
 

Analyzed ITT 
N=234 

 
 

 
 
 

As Treated 
N=225 

Safety Arm 
N=123  

Test Arm 
N=121  

2 no TAVR 
4 no/fu 

 
 

ITT (Safety Analysis) 
N=117 

1 no TAVR 
2 no/fu 

1 withdrawal 
 

ITT (Safety Analysis) 
N=117 

2 device not enter vascular 
 
 

AT 
N=115 

6 device not enter vascular 
1 device removed pre-TAVR 

 

AT  
N=110 

+ 

* Through multiple imputation 

10 missing 

9 no device 
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Primary Safety: Sensitivity Analysis 

Worse-case scenario: Assuming that all 10 subjects with 
missing 30-day MACCE data had a MACCE event, then  
  
 the MACCE rate would be 11.1% (27/244)  
 
 with upper 95% confidence bound 14.9% < PG of 18.3%. 
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SENTINEL Statistical Results and 
Considerations 

• Analysis Populations 
 

• Analyses of Primary Safety Endpoint 
 

• Analyses of Primary Effectiveness 
 
• MRI based Lesion Volume Measurement as a Measure of Cerebral Ischemia 
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Analysis of Primary Effectiveness Endpoint 
                Imaging Cohort                      

As Randomized 
(ITT w. Imputation*) 

 
 

 
 
 
 

Analyzed ITT 
 
 
 

 
 

PP 

Test Arm 
N=121 

Control Arm 
N=119  

11 no scan 
10 pacemaker 

1 device removed pre-TAVR 
1 no TAVR 

1 withdrawal 
 6 device not enter vascular 

 

ITT (Effectiveness Analysis) 
N=91 

9 no scan 
8 pacemaker 

2 scan rejected 
1 no TAVR 

1 died 
   
 

ITT (Effectiveness Analysis) 
N=98 

7 scan out of window 
1 assignment error 

 

PP 
N=83 

9 scan out of window 
1 device removed pre-TAVR 

 

PP 
N=89 

* Through multiple imputation 

Missing: 51 
• 30 Test  
• 21 Control 

Exclude: 18 
• 8  Test  
• 10 Control 
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Analysis of Primary Effectiveness Endpoint:  
Statistical Considerations 

• Medians of the Test Arm and Control Arm were compared 
using Wilcoxon Rank Sum Test 
 Due to expected non-normal skewed distribution of lesion volumes 
  

• Missing data 
 High rate of missing endpoint data for Imaging Cohort: 21% (51/240) 
 Missing rates per Arm: Test 25% (30/121)  
             Control 18% (21/119) 
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Effectiveness 

 
Lesion volume distributions showed a small, 

non-statistically significant shift towards lower 
lesion volumes in the protected territories for 

patients in the Test Arm compared with patients 
in the Control Arm. 

 

When all territories are analyzed, there is no 
clear trend of lesion volume reduction. 
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SENTINEL Statistical Results and 
Considerations 

• Analysis Populations 
 

• Analyses of Primary Safety Endpoint 
 

• Analyses of Primary Effectiveness 
 
• MRI based Lesion Volume Measurement as a Measure of Cerebral Ischemia 
 
 

 











71 

Summary: Lesion Volume Measurement 
as a Surrogate Effectiveness Endpoint 

• DW-MRI based new lesion volume at Day 2-7 in 
protected territories: patients with clinical stroke 
tend to have somewhat higher lesion volume. 
 

• DW-MRI based new lesion volume at Day 2-7 in all 
territories: similar trend. 
 

• Weak correlation (-0.2) between Day 2-7 lesion 
volume and 30-day change in neurocognitive 
composite z-score. 
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Conclusions 
 

• Safety:  
 Prespecified safety success criterion was met 
 No safety concerns with use of the device  

 
• Effectiveness:  
 Study design: Imaging + clinical evidence of reduced ischemic 

events 
 Met criterion for prespecified observed treatment effect (>30% 

reduction) 
 Did not demonstrate superiority with respect to the primary 

effectiveness endpoint 
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Conclusions (cont.) 

• Although device traps debris, correlation with DW-MRI findings 
(protected vs. all territories) remains unclear 
 

• Neurocognitive outcomes showed no clear clinical trend 
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Thank you 






