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Silent Brain Infarcts After CEA/CAS Really 
Matter And Affect Cognitive Changes: 

The Size And Number 
of DW MRI Defects Are Critical

Wei Zhou, MD
Chief, Division of Vascular Surgery

Professor of Surgery, University of Arizona

Carotid Intervention and Changes 
in Executive Function 

Preop vs. 1 month postop  
 n Preop Mean± SD(CI) Postop Mean ± SD(CI) P-value Cohen’s 

d 
WAISE III-Digit 
Span  

133 10.38 ± 2.76 (9.9-10.85) 10.65 ± 2.72 (10.18-11.11) 0.077 0.154 

WAISEIII- 
Letter/Number  

104 8.45 ± 3.44(7.78-9.12) 9.09 ± 3.06(8.49-9.68) 0.016 0.240 

TMT - A 132 7.74 ± 3.09(7.21-8.27) 8.41 ± 3.20(7.86-8.96) <0.001 0.313 
TMT- B 126 7.92 ± 3.06(7.38-8.46) 8.54 ± 3.04(8-9.08) 0.003 0.273 
BNT 120 10.78 ± 2.75(10.28-11.27) 10.28 ± 2.86(9.77-10.80) 0.001 0.312 
GDS 127 7.51 ± 6.12(6.44-8.59) 6.72 ± 6.13(5.65-7.80) 0.015 0.220 

Preop vs. 6 months postop  
Digit Span  99 10.54 ± 3.02(9.93-11.14) 11.12 ± 2.81(10.56-11.68) 0.011 0.261 
Letter/number  83 8.92 ± 3.29(8.20-9.64) 9.59 ± 3.00(8.94-10.25) 0.028 0.245 
TMT - A 98 8.07 ± 3.33(7.40-8.74) 8.94 ± 3.40(8.26-9.62) 0.001 0.341 
TMT- B 97 8.12 ± 3.10(7.50-8.75) 8.86 ± 2.90(8.27-9.44) 0.005 0.291 
BNT 92 10.22 ± 3.14(9.57-10.87) 10.95 ± 3.06(10.31-11.58) <0.001 0.410 
GDS 97 7.42 ± 6.20(6.17-8.67) 7.24 ± 6.41(5.94-8.53) 0.656 0.045 

Preop vs. 12 months postop 
Digit Span  87 10.37 ± 2.76(9.78-10.96) 11.05 ± 2.90(10.43-11.67) 0.002 0.345 
Letter/number  63 8.52 ± 3.47(7.65-9.40) 9.37 ± 3.66(8.44-10.29) 0.043 0.260 
TMT - A 81 7.79 ± 3.02(7.12-8.46) 9.07 ± 3.48(8.30-9.85) <0.001 0.576 
TMT- B 80 7.93 ± 3.06(7.24-8.61) 8.68 ± 3.37(7.92-9.43) 0.016 0.276 
BNT 78 10.45 ± 2.97(9.78-11.12) 11.26 ± 2.66(10.66-11.86) <0.001 0.436 
GDS 82 7.73 ± 5.81(6.45-9.01) 6.84 ± 6.14(5.49-8.19) 0.087 0.191 

 

Carotid Intervention and Changes 
in Episodic Memory
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Silent Brain Infarcts

n Subclinical microembolization àSBIs
n Common after carotid intervention

–  20-70% 
Al-Mubarak et al, Circulation 2001
Zhou et al, J of Vascular Surgery, 2012
Hitchner et al, J of Vascular Surgery 2016

!

MMSE

Montreal Cognitive Assessment scales

Challenges of Studying SBIs 

n SBIs are heterogenous
– Size, number, and location
– Paucity of Information on size effects

n Cognitive measures are heterogenous
– Various sensitivity
– Practice effects 
– Timing

Cognitive domains   Neuropsychological tests 

Executive function 
 
 
 

Stroop Color and Word Test  

Trail Making Test B (TMT-B)  

Montreal Cognitive Assessment (MOCA) 

Trail Making Test A (TMT-A)  

Working Memory Index (WMI) 

Letter-Number Span (WMS-III) 

Digit Span (WMS-III) 

Memory  
 

Rey’s Auditory Verbal Learning Test  
The California Verbal Learning test 

Hopkins Verbal Learning Test 
MOCA 
Fuld Object Memory Evaluation  

Wechsler Memory Scale Revised  
Global cognition  Alzheimer Disease Assessment Scale-Cognitive Subtest  

MMSE 
Language Boston Naming Test  

Category Verbal Fluency 

Visuospatial function Rey-Osterrieth Complex Figure Test  
Clock Drawing Test  
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Experimental Models 

Stroke, 2008

JVS, 2000

Behav Brain Res, 2012

Experimental animal models:  Infarct size correlates 
to neuronal damage and cognitive outcome 

A NIH-sponsored prospective study 
of peri-procedure subclinical embolization 

Homogenous population: severe carotid disease undergoing interventions 

SBI quantification: DWI lesions that have shown radiographic impacts on MRI
Minimize practice effects: Parallel forms

Avoid anesthetic effects: Cognitive testing at 1, 6 month, and 12 postop

 

Distribution of embolic volume (mm3) in CEA patients pre and 
post

55 new DWI lesions 
144.5mm3

 

533 new DWI lesions, 
471.1mm3

PRE-OP POST-OP

CEA

CAS

Size Effects in CAS Cohort
 

Patients(Characteristics(( <100mm3(
N=(18(

1005500mm3(
N=23(

>500mm3(
N=19(

P(
values(

Age$(Mean,$years)$ 69$ 72$ 70$ 0.38$
Diabetes$ 10$(56%)$ 10$(43%)$ 10$(53%)$ 0.82$
SBP$>140$ 6$(33%)$ 12$(52%)$ 3$(16%)$ 0.05*$
Obesity$ 6$(33%)$ 8$(35%)$ 10$(53%)$ 0.4$
COPD$ 3$(17%)$ 3$(13%)$ 3$(16%)$ 0.94$
Coronary$artery$disease$ 9$(50%)$ 14$(61%)$ 12$(63%)$ 0.73$
Atrial$fibrillation$$ 0$(0%)$ 2$(1%)$ 2$(10%)$ 0.54$
Chronic$renal$insufficiency$ 4$(22%)$ 11$(48%)$ 6$(32%)$ 0.22$
AntiLplatelets$ 8$(44%)$ 17$(74%)$ 12$(63%)$ 0.73$
Contralateral$occlusion/stenosis$ 3$(17%)$ 4$(18%)$ 5$(26%)$ 0.78$
PreLop$symptoms$ 32$(46%)$ 8$(35%)$ 9$(47%)$ 0.68$
Baseline$
memory$
scores$

RAVLTsum$$ 32$ 33$ 35$ 0.57$
RAVLT$SD$ 5.1$ 6.3$ 6.5$ 0.13$
RAVLT$LD$ 5.7$ 6$ 6.5$ 0.7$

Size Effects in CAS Cohort  
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Trail Making Test-A Change Scores

1 mos postop 6 mos postop

>10% Decline in Memory
Change in Psychomotor Speed 
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Graphs by CAS

JVS2017

6 month Memory Change following SBIs 

500mm3 ≈ 1/10 tsp
 = 0.5cc
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Size Matters 

n Silent brain Infarcts after carotid 
intervention affect cognitive changes

n The size of SBIs significantly influences 
cognitive outcome short-term and long-term 


