
Martin B. Leon, MD 

Columbia University Medical Center 

Cardiovascular Research Foundation 

New York City 

Stroke Basics after Cardiovascular 

Interventions: VARC 2 Definitions,  

Stroke Severity Assessment, 

Neuroimaging,& Neurocognitivie Function 



Within the past 12 months, I or my spouse/partner have had a financial 

interest/arrangement or affiliation with the organization(s) listed below. 

• Grant / Research Support 
 

 

• Consulting Fees / Honoraria 

 

• Shareholder / Equity 

• Abbott, Boston Scientific, Edwards 
Lifescience, Medtronic 
 

• Meril Lifescience  

 

• Claret, GDS, Medinol, Mitralign, Valve 
Medical 

Affiliation / Financial Relationship Company 

Disclosure Statement of Financial Interest 

TVT 2014; Vancouver, BC, Canada; June 4-7, 2014 

 

Martin B. Leon, MD 



Background 

Strokes and TAVR 



Published on-line June 5, 2011 

@ NEJM.org and print June 9, 2011 

Editorial Response 



All Strokes (major and minor)  
at 30 Days & 1 Year 

p = 0.12 

p = 0.08 

n= 20 n= 10 n= 16 n= 8 

30 Days 1 Year 

TAVR  AVR TAVR AVR 

ITT Population 



Strokes in PARTNER 

High-risk cohort 

D. Craig Miller et al; J Thorac Cardiovasc Surg 2012;143:832-43 



All Strokes (high-risk cohort) 

RCT vs. NRCA 

TAVR RCT NRCA P-value 

TA – 30 days 5.8% (104) 2.1% (988) 0.02 

TA – 1 year 9.6% (104) 3.8% (988) 0.01 

TF – 30 days 5.4% (423) 3.3% (1080) 0.06 

TF – 1 year 7.3% (423) 4.8% (1080) 0.05 

Important differences in stroke frequency for both 

TA and TF patients between the RCT and the 

NRCA cohorts = reduced strokes with increased 

operator experience!  



• 25 multicenter registries and 33 single center studies 

• No differences in 30-day stroke rates for… 

 TF vs. TA (multicenter 2.8% vs. 2.8% and  

single-center 3.8% vs. 3.4%) 

 CoreValve vs. SAPIEN (multicenter 2.4% vs. 3.0%  

and single-center 3.8% vs. 3.2%) 

• Decline in stroke risk with increased operator  

experience and technological advancement  

(newer TAVR systems) 

Athappan G et al. JACC 2014; 63:2101-10 



ACC 2014 All Stroke 

8 



ACC 2014 Major Stroke 



• 196 patients with open surgical AVR at two sites,  

enrollment over 4 years (DeNOVO study) 

• Pre and post-op neurological assessments and  

post-op MRI studies 

• Clinical strokes 17%, TIA 2%, in-hospital mortality 5% 

• Mod-severe strokes (NIHSS ≥ 10) in 4% and strongly 

associated with increased in-hospital mortality  

 (38% vs. 4%, p = 0.005) 

• In stroke-free pts (n=109), silent MRI infarcts in 59%  

(no ∆ mortality or LOS) 

Messe SR et al. Circulation 2014 (April 1, online) 



VARC 2 

Definitions 

Strokes and TAVR 



VARC 2 Definitions 

Kappetein AP et al. J Am Coll Cardiol 2012;60:1438-54 



VARC 2 Definitions 

Kappetein AP et al. J Am Coll Cardiol 2012;60:1438-54 

1.Diagnostic Criteria 

2.Stroke Classification 

3.Stroke Definitions 



• Acute episode of a focal or global neurological deficit 

with clearly apparent neurological signs or symptoms 

consistent with stroke. 

• Stroke: duration of focal or global neurological deficit 

> 24 h; OR < 24 h if neuroimaging documents 

hemorrhage or infarct; OR neurological deficit results 

in death. 

• TIA: duration of a focal or global neurological deficit  

< 24 h AND neuroimaging doesn’t show hem/infarct. 

• No other readily identifiable non-stroke cause for the 

clinical presentation. 

VARC 2 Stroke and TIA 

1. Diagnostic Criteria 



• Confirmation of the diagnosis by at least one of the 

following: 

 Neurologist or neurosurgical specialist 

 Neuroimaging procedure (CT scan or brain MRI),  

but stroke may be diagnosed on clinical grounds 

alone 

VARC 2 Stroke and TIA 

1. Diagnostic Criteria 



VARC 2 Stroke and TIA 

2. Stroke Classification 

• Ischemic: an acute episode of focal cerebral, spinal, or 

retinal dysfunction caused by infarction of the central 

nervous system tissue. 

• Hemorrhagic: an acute episode of focal or global 

cerebral or spinal dysfunction caused by 

intraparenchymal, intraventricular, or subarachnoid 

hemorrhage. 

• A stroke may be classified as undetermined if there is 

insufficient information to allow categorization as 

ischemic or hemorrhagic. 



VARC 2 Stroke and TIA 

3. Stroke Definitions* 

• Disabling stroke: an mRS score of 2 or more at 90 days 

and an increase in at least one mRS category from an 

individual’s pre-stroke baseline. 

• Non-disabling stroke: an mRS score of < 2 at 90 days 

or one that does not result in an increase in at least 

one mRS category from an individual’s pre-stroke 

baseline.  

* Modified Rankin Scale  assessments should be made by 

  qualified individuals  according to a certification process.  



• Global encephalopathy should not be reported as a 

stroke unless there is unequivocal evidence of 

infarct/hemorrhage based upon neuroimaging studies. 

• The FDA focuses on the clinically relevant 

consequences of vascular brain injury to determine  

the safety or effectiveness of a therapy. 

• With regard to mRS, the FDA recommends:  

(1) determine the mRS in the context of other testing, 

(2) have a defined set of questions, 

(3) all scheduled visits should have neurological Sx  

     surveillance (NIHSS, mRS, etc.)    

VARC 2 Stroke and TIA 

Miscellaneous 



• A vascular/stroke neurologist should be included in 

trial planning, execution, and monitoring (CEC and 

DSMB) 

• Low threshold for brain imaging to refine diagnostic 

accuracy (typically MRI for acute and chronic ischemia 

and hemorrhage and CT for acute and chronic 

hemorrhage and chronic ischemia)  

• Strokes after TAVR are multifactorial: (1) document 

adjunct pharmacotherapy (esp. anti-thrombins and 

anti-platelet agents, (2) collect all relevant baseline 

characteristics (e.g. carotid disease), (3) report 

procedural events (e.g. post-Rx AF, hypotension, etc.)    

VARC 2 Stroke and TIA 

Miscellaneous 



• Clinical endpoint for stroke is either all strokes or 

disabling strokes; often as a composite endpoint 

combined with death or incorporated into a MACCE 

definition.  

• Must record in the CRF stroke therapy (e.g. 

thrombolysis or acute stroke intervention) 

VARC 2 Stroke and TIA 

Miscellaneous 



Stroke 

Scales 

Strokes and TAVR 



Diffusion-Weighted MRI Study 

 Philipp Kahlert, MD 
West German Heart Center Essen 

Example of an 82-year-old patient two days after successful TAVI 

Pre-TAVI Post-TAVI 

Embolic 

phenomenon 



Embolic Material 

after TAVR 

Embolic Material 

Embolic Material 



Modified Rankin Score 

0 No symptoms at all 

1 
No significant disability despite symptoms; able to carry 

out all usual duties and activities 

2 

Slight disability; unable to carry out all previous 

activities, but able to look after own affairs without 

assistance 

3 
Moderate disability; requiring some help, but able to 

walk without assistance 

4 

Moderately severe disability; unable to walk without 

assistance and unable to attend to own bodily needs 

without assistance 

5 
Severe disability; bedridden, incontinent and requiring 

constant nursing care and attention 

6 Dead 



Barthel Index 

Scoring cumulative (0 – 20) 



National Institutes of Health Stroke Scale 



National Institutes of Health Stroke Scale 

(NIHSS) 

• 15-item neurologic exam to evaluate the effect of 

stroke on the levels of consciousness, language, 

neglect, visual-field loss, extraocular movement, 

motor strength, ataxia, dysarthria, and sensory loss.  

• Ratings for each item are scored with 3 to 5 grades 

with 0 as normal. 

• Examiners should be certified (relatively easy). 

• The stroke scale is valid for predicting lesion size and 

can serve as a measure of stroke severity.  

• The NIHSS has been shown to be a predictor of both 

short and long term outcome of stroke patients. 

 

 

 

 



Neurocognitive 

Function 

Strokes and TAVR 



Neuro-imaging with TAVR 

JACC 2011 

N=60 

 

JACC 2010 

N=30 

 

JACC Int 2010 

N=25 

 

Circulation 2010 

N=32 

EJCTS 2011 

N=80 

 

Daneault et al., JACC 2011;58: 2143-50 



Van Mieghem NM et al. Circulation 2013 

40 TAVR pts treated with the dual filter system 



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 



Common Tests Used to Assess 

Brain Function post TAVR 

• NIHSS (National Institutes of Health Stroke 
Scale); designed to assess the severity of 
clinically evident stroke 

• mRS (modified Ranking Scale); designed for 
stroke patients to assess the degree of long 
term disability  

• MMSA (Mini Mental State Assessment); tests 
5 cognitive areas with 30 questions (5-10 
min), relies heavily on verbal, writing and 
reading skills 

 

 



The Dilemma: What is Cerebral Injury?  

obvious  -  apparent  -  quiet   -   subtle   -   silent   -   subclinical 

Stroke/ TIA Cerebral injury Diagnosis MCI / VD* 

VARC Yes No No No Yes 

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

Patient / Relatives / Society Victim(s) 

*mild cognitive impairment / vascular dementia 

Heart-Team + NEURO / PSY + MRI +LAB Assessment 



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 

 

DWI Lesions and NeuroCognitive (NC) Function 



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 reading skills 

**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 



Cognitive Function 
Five Dimensions of Cognition 

Attention 

Memory 

Executive 
Functioning 

Language 

Visuo-
spatial 

Too often, many studies are evaluating 

only one or two aspects 



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? 

 



38 

TAVR, no 

stroke* 

TAVR, stroke 

(regardless 

of deflection) 

TAVR, with 

deflection 

Actual Memory Model vs Expected 

F(2,28)=3.817, p=0.034 

* 

DEFLECT I Study 



Memory Screen Memory 

Discharge 

Discharge-

Screen 

Total lesion no. -0.286, p=0.236 -0.353, p=0.138 -0.102, p=0.678 

Max lesion vol. -0.105, p=0.669 -0.370, p=0.119 -0.348, p=0.145 

Total lesion vol. -0.275, p=0.255 -0.399, p=0.091 -0.174, p=0.476 

Max Lesion Volume correlates with 

less memory improvement after TAVR 
Pre-procedure 

Post-procedure 

 

DEFLECT I Study 



 
 

  CABG 

  Heart Failure 

  Cardiac Arrest 

  Atrial Fibrillation 

  TAVR 

Heart Disease and Neurocognition 

Embolic 

Perfusion 

Deficit 

Both? 



 
 

Sensory Perception 

Sensory Discrimination 

Language  

Memory 

Praxis, Copying 

Continuum of Cognitive Complexity 

Focal Stroke 

Multiple Stroke, 

 Diffuse Vascular Disease, 

Hemodynamic Compromise 

Attention, Working Memory 

Executive Function 

Reasoning 

Processing Speed 



Final Thoughts 

Strokes and TAVR 



• Strokes after TAVR will continue to be a clinical 

problem and a controversial issue, especially in a 

climate of careful systematic neurological scrutiny.  

• The VARC 2 stroke definitions are robust, clinically 

relevant, and are useful for inter-study comparisons. 

• The clinical impact of neuro-imaging perfusion deficits 

and the value of embolic protection devices requires 

further evaluation. 

• Neurocognitive functional assessment is an area of 

confusion and excitement!  In the future, changes in 

these more subtle cognitive findings may become a 

worthwhile clinical endpoint. 

Strokes and TAVR 

Final Thoughts 


