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Stroke – When and How?
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Editorial Response to PARTNER A



TAVI – Contemporary Results
TVT Registry Euro-Sentinel 

Registry
GARY 

Transvascular
GARY

Transapical
FRANCE 2

N 7,710 4,571 2,695 1,181 3,195

Time Period 2011 – 13 2011 – 12 2011 2011 2010 – 11

Age 84 81.4 81.1 80.3 82.7

STS PROM 7% N/A N/A N/A 14.4%

Logistic 
EuroScore

N/A 20.2% 21.9%

30 day Mortality 7.6% 7.4% 5.1% 7.7% 9.7%

30 day Stroke 2.8% 1.8% 1.7% 2.2% 4.1%

1 year Mortality 26.2% N/A N/A N/A 24.0%



Eggebrecht, H., EuroIntervention. 
2012;8:129-38
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Timing of Stroke – PARTNER A



Timing of Stroke – PARTNER A

Miller, D. C., J Thorac Cardiovasc Surg. 2012;143:832-843 e13



Timing of Neurological Event 

Tay et al, J Am Coll Cardiol Intv 2011;4:1290 –7 Nombela-Franco et al. Circulation. 2012;126(25):3041-53



Predictors of Stroke, Neuro events or MRI 
findings 

Author N Event rate Approach Clinical predictors
Anatomical 
predictors

Tay et al  2011 253 9% TA/TF H/O  stroke/TIA Carotid stenosis*

Nuis et al  2012 214 9% TF New onset AF Baseline AR >3+

Amat Santos et al 2012 138 6.5% TA/TF New onset AF None

Franco et al 2012 211 4.7% TA/TF None Post‐dilation

Miller et al 2012 344 9% TA/TF
History of stroke

Non TF‐TAVR candidate
Smaller AVA

Cabau et al 2011               60 68% (MRI) TA/TF Male, History of CAD Higher AVG

Fairbairn et al  2012 31 77% (MRI)  TF Age Aortic atheroma

Nombela-Franco et al
2012

1061 5.1% TA/TF

Balloon postdilatation, 
valve dislodgement, 
New onset AF, PVD, 

Prior CVA 



Predictors of Stroke by Timing

Nombela-Franco, L., Circulation. 2012;126:3041-53

Incidence Variable Risk 95% CI P-value

Acute
<24h

29 (2.7%)

Balloon postdilatation OR: 2.46 CI: 1.07 to 5.67
0.034 

Valve 
dislodgment/emboliz

ation
OR: 4.36 CI: 1.21 to 15.69

0.024 

Subacute
24h><30 Days

25 (2.4%) New onset AF OR: 2.76 1.11 to 6.83
0.028 

Late
>30 Days

35 (3.3%)

Chronic AF
HR: 2.84 1.46 to 5.53 

PAD
HR: 2.02 1.02 to 3.97

Prior CVA
HR: 2.04 1.01 to 4.15 



Potential Mechanism for Stroke post-TAVR
Acute Stroke (<24hrs)

 Thrombo-embolism from valve area or aorta
 Passage of bulky valve devices
 Post-dilatation

 Hypotension asociated with rapid ventricular 
pacing or hemodynamic instability during 
procedure



Potential Mechanism for Stroke post-TAVR
Sub-acute Late Stroke 

 Thromboembolism from valve site

 Atrial fibrillation – acute or chronic

 Atherosclerotic burden



40 TAVR pts treated with the dual filter system

Van Mieghem, N. M., Circulation. 2013;127:2194-201



Timing of Emboli during TAVR
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New Cerebral Lesions on MRI post-TAVR
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Does it matter?...



TVT 2014

My Conclusion
• Devices are Improving
• Procedural Techniques are improving
• Patient Selection is Improving
• Adjunctive pharma therapy is improving

BUT: Embolic Stroke still remains an issue in TAVR 
and is truly devastating!!!

Cerebral Protection will (and should) become 
Standard of Care



obvious  - apparent  - quiet   - subtle   - silent   - subclinical

Stroke/ TIA Cerebral injuryDiagnosis MCI / VD*

VARC Yes NoNoNoYes

2‐4%                     3‐10%                      15‐20%                  68‐84%                    ?%

Patient / Relatives / SocietyVictim(s)

*mild cognitive impairment / vascular dementia

Heart-Team + NEURO / PSY + MRI +LABAssessment

Adapted from Leon TVT 2014

Spectrum of Cerebral Injury



First Author 
(ref#)

n % of patients 
with NC
decline

% of patients with 
new DWI lesions

Procedure/diagnosis Comments

Restrepo (8) 13 77% 31% CABG Extensive NC testing
Pts with new DWI lesions had larger NC decline

Choi (9) 25
10 w new mental
15 wo new mental

100%
70%
20%

Vascular Dementia Extensive NC testing
New lesions correlated with new mental change

Lund (10) 33 trans radial
9 trans femoral

16.7% 15% TR
0% TF

Left Heart Catheterization Extensive NC testing
Patients with new DWI lesions had larger NC decline

Zhoue (11) 68 CAS
100 CEA

2.9%
2%

46.3%
12%

Carotid stenting
Carotid endarterectomy

With embolic protect protection
NC examination not defined

Schwartz (12) 30 Cath
39 CABG
33 controls

Not reported 3.3%
17.9%

Coronary catheterization
CABG

Extensive NC testing
# of DWI lesions correlated with NC decline

Sweet (13) 42 PCI
43 CABG

6%
7%

Not done Coronary stenting
CABG

Extensive NC testing
1 year fu

Blum (14) 658 97% 26.4% Elderly non-dementia 
patients

Extensive NC testing
Brain infracts are associated with memory loss

Tatemichi (15) 3697 27% dementia Healthy elderly patients Extensive NC testing, 3.6 years fu; silent infarcts > 2X 
risk of dementia and associated with worse NC decline

Omran (16) 101 3% 22% Retrograde aortic valve cath NIHHS level of stroke assessment

Zhou (17) 51
16 CAS, 35 CEA

41% 69% Carotid stenting
Carotid endarterectomy

Extensive NC testing; DWI lesions only significant 
predictor of NC decline

Knipp (18) 39 56% ac
23% 3 mo
31% 3 years

51% CABG Extensive NC testing
56% decline acutely and 31% decline at 3 years

“Silent MRI Lesions” Causes Neuro-cognitive dysfunction in non-TAVR settings



First Author 
(ref#)

n # of  patients 
with 
neurological 
symptoms

% of  patients 
with new DWI
lesions

Total # 
(mean #) 
of  DWI 
lesions

Procedure/valve Comments

Kahlert (1) 22 0% acutely and at 
3 months

86% 89 Balloon expandable NIHSS*** acutely
MMSA* and mRS** at 30 days,

Kahlert (1) 10 0% acutely and at 
3 months

80% 26 Self-expanding NIHSS, MMSA and mRS at 30
days

Astarci (2) 21 0% acutely 90% (6) Trans femoral NIHSS

14 0% acutely 93% (6.6) Trans apical NIHSS

Ghanem (3) 22 10% acutely
3.6% at 3 months

72.7% 75 Self  expanding NIHSS

Stolz (4) 37 8.1% acutely 38% 20 Surgical Neurological examination not 
defined

Knipp (5) 30 Mean decline 
acutely
Mean recovery at 
4 months

47% 41 Surgical 
24 AVR, rest MVR or a 
combination,

Extensive neurocognitive testing

Arnold et al (6) 25 20% acutely
(2.5%  stroke)

68% Not 
reported

Trans apical NIHSS level of  testing

Rodes-Cabau (7) 60 0% acutely
(3.3% stroke)

66% TF
71% TA

Not 
reported

Trans femoral (29)
Trans apical (31)

MMSA
NIHSS

*MMSA (Mini Mental State Assessment); tests 5 cognitive areas with 30 questions (5-10 min), relies heavily on verbal, writing and read
**mRS (modified Ranking Scale); designed for stroke patients to assess the degree of long term disability 
***NIHSS (National Institutes of Health Stroke Scale); designed to assess the severity of clinically evident stroke

Lack of Data Measuring NeuroCognitive Function post TAVR



• Population based cohort study of 1077 elderly 
people followed for 4+ years

• 14.3% with silent brain infarcts developed a 
stroke during follow up period

• Presence of silent brain infarcts increased risk 
of stroke by >3 fold

Silent Brain Infarcts and White Matter Lesions Increase Stroke Risk in the General Population: The Rotterdam Scan Study
Sarah E. Vermeer, MD et al;Stroke. 2003;34:1126‐1129

Conclusion – “Elderly people with silent brain infarcts and white matter lesions 
are at a strongly increased risk of stroke, which could not be explained by the 
major stroke risk factors” 

MRI White Matter Lesions



Cerebral Embolic Protection Devices

TriGuard™ Cerebral Embrella™ Claret Sentinel™

Deflector Deflector Dual Filter

Femoral Access Radial Access Radial Access

9F Sheath (7F Delivery) 6F Shuttle Sheath 6F Radial Sheath



Embrella
All Patients Had New MRI Lesions

But potential for reduced lesion volume 

Study n Valve Type
New Ischemic 

Defects
Median Number of
Lesions Per Patient

Lesion Volume
(Per Lesion, mm³)

Kahlert et al.
Circulation 2010 53

SAPIEN (n=22)
CoreValve (n=10)

SAVR (n=21)

SAPIEN: 86%
CoreValve: 80%

SAVR: 48%

SAPIEN: 4 (2.1-6.0)
CoreValve: 2.6 (0.3-4.9)

SAVR: 1.6 (0.6-2.69)

81 (60-103)
61 (37-86)

224 (111-338)

Ghanem et al.
JACC 2010 22 CoreValve 73% 2.5 (1.0-5.5) NA

Rodés-Cabau et al.
JACC 2011 60 SAPIEN/

SAPIEN XT
TF: 66%
TA: 71%

TF: 3 (1-7)
TA: 4 (2-9) NA

Fairbairn et al.
Heart 2011 31 CoreValve 77% 2 (1-5) 205 ± 350

Arnold et al.
JACC Intv 2010 25 SAPIEN 68% NA NA

PROTAVI-C Pilot 33 SAPIEN XT with 
Embrella 100% 8  (1-70) 42.3 (27.5, 85)

Rodes-Cabau PCR 2013





Daneault, B., et al. Circ Cardiovasc Interv. 2013;6:85-91
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30-day Clinical Outcomes 
Post-dilatation vs No Post-dilatation

Daneault, B., et al. Circ Cardiovasc Interv. 2013;6:85-91



No Predilatation

Group

Control Group 

(CoreValve S&E)

n=60 n=126

All-cause Mortality 6.7% (4) 14.3% (18)

Myocardial infarction 0 5.6% (7)

Stroke/TIA 5.0% (3) 11.9% (15)

Need for pacemaker implantation 11.7% (7) 27.8% (35)

Vascular Access Complication 10.0% (6) 9.5% (12)

Post-dilatation 16.7% 0
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PARTNER A Motloch et al. Amat‐Santos et al. Nuis et al.

11.2
8.8

31.9

14.7

% patients

1 2 3 4

1‐Smith et al, NEJM 2011
2‐Motloch et al, Ann Thorac Surg 2011

TF Edwards n=244
TA Edwards n=104

TF Edwards n=41
TA Edwards n=43

TF Edwards n=38
TA Edwards n=100

TF CoreValve n=208
SC CoreValve n=6

3‐Amat‐Santos et al, JACC 2012
4‐Nuis et al, Am J Cardiol 2012

New Onset AF In TAVR



Age (years)
Male sex (%)
Diabetes (%)
Hypertension
Prior coronary disease (%)
Prior CABG (%)
Chronic renal failure (%)
COPD (%)
Prior stroke (%)
Peripheral vascular disease (%)

TA
TF

Porcelain aorta (%)
Frailty (%)

TAVI EXPERIENCE – PUBLISHED REGISTRIES
Patient characteristics

Variables

82 (50-98)
44 (24-57) 
28 (23-35)
60 (36-85)
54 (41-69) 
25 (14-45) 
35 (20-62)
26 (21-30) 
9 (7-11) 
19 (7-35) 
30 (11-50) 
11 (4-19)
12 (7-18)
21 (17-25)

Mean (min-max)

Mean CHADS2 score ~ 3



Conclusion
 Stroke remains a devastating complication post-TAVR

 40-50% stroke post-TAVR occurs within 24 hours
 Thromboembolism
 Related to intervention at aortic valve
 Improvement in device and technique 
 Cerebral protection devices

 Subacute / late stroke can occur secondary to
 Atrial fibrillation
 Atheroembolic burden



Conclusion

Stortecky, S. Circulation. 2012;126:2921-4


