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Background

Post-stroke cognitive impairment (PSCI) — typified by deficits in information
processing speed and executive function ' — is related to the size and location
of infarctions, as well as the degree of co-morbid atrophy and ischemic
vasculopathy. 34

Ischemic vasculopathy, seen as White Matter Hyperintensities (WMH) on
Magnetic Resonance Imaging (MRI), has been independently associated with
decline in information processing speed and executive function.>

WMH in lateral cholinergic pathways have been associated with executive
dysfunction as well, suggesting that the cholinergic system may be a substrate
of executive function. ®’

Improved performance on executive tasks, such as the Trail Making Test
(TMT), has been reported in patients with subcortical lacunar strokes treated
with cholinesterase inhibitors®

Purpose

The potentially distinct influences of ischemic infarction, global WMH and
cholinergic WMH on speed of processing and executive function are not well
established.

We use volumetric MRI coupled with the Trail Making Test, which assesses both
processing speed (TMT-A) and set-shifting (TMT-B and TMT-B-A-difference-of-
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Figure 2: 68 year old patient with right thalamic stroke (0.50mL or 0.04% of TIV), some global WMH (1.97mL or 0.2% of TIV) and

very few WMH in cholinergic projections (CHIPS = 8/100 ). TMT-A time=32 seconds ; TMT-B time=45 seconds ; TMT-B-minus-TMT-

A=13 seconds)

Figure 3: 80 year old patient with multiple acute strokes in right MCA territory and old infarct in right inferior insula (5.35mL or

0.58% of TIV), moderate-severe global WMH (19.31mL or 1.6% of TIV) and WMH in cholinergic projections (CHIPS = 34/100 ). TMT-
A time = 123 seconds ; TMT-B time=300seconds ; TMT-B-minus-TMT-A time= 177 seconds)

Table 1: Patient Demographics (N=46)

Table 2: Volumetric Data (N=46)
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Discussion and Conclusion

Here we report the differential influences of global WMH, cholinergic WMH
and ischemic infarction on processing speed and set-shifting executive function

These findings were noted after Bonferroni correction for multiple comparisons
and after controlling for the effects of age, gender, education, global atrophy
(NABPF), and strategic stroke location

This suggests that the degree of WMH in cholinergic pathways alone is
sufficient to impair set-shifting executive dysfunction in PSCI
o In the context of PSCI, the relationship between stroke and executive
dysfunction may be more related to the effects of stroke on processing
speed than directly on executive dysfunction.
o Also plausible, is that the presence of territorial stroke may lower the
threshold of WMH in cholinergic projections that would be necessary to
produce an executive dysfunction.

In addition, hypertension was associated with global WMH volume and the
extent of WMH in cholinergic projections.
o This reemphasizes the importance of appropriately managing
hypertension in stroke patients

Cognitive neurorehabilitation targeting set-shifting may be helpful in PSCI, and
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Table 3: Summary of Linear and Regression Analyses. Note: Model 3 is re-run with the exclusion of
those patient’s whose strokes involved cholinergic pathways.

3. Image Processing

 Acutely infarcted tissues (hyperintense on DWI) and previous covert infarctions
(hypodensity on T1) were traced using ANALYZE 8.0 software. Standardized

 WMH on FLAIR images were assessed using (i) The Cholinergic Pathways Variable B
Hyperintensity scale (CHIPS) ’ and (ii) a semi-automated fuzzy lesion extractor Processing Speed (TMT-A)
(FLEX) pipeline ? Model 1 [N-6]

* TI1- based brain tissue segmentation was achieved using a modified in-house Semi-
Automatic Brain Region Extraction (SABRE) Pipeline 1°

p-value r*
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Figure 1: Lateral cholinergic and cingulate cholinergic pathway regions visually Model 2 (N=16)

assessed using the CHIPS rating. Low External Capsule, High External Capsule, Corona
Radiata, and Centrum Semiovale (from left to right).

Model 3 [N=32)

'Sy N £ O\ //E ’ &t ;‘;J, .. Figure 4: Partial Regression plots from Model 1 and Model 2.
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4. Neuropsychological Assessment
3 months after stroke, MMSE (Mini-Mental State Exam) as well as TMT-A and TMT-
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B were administered ) o . Dade LA, Gao FQ, Kovacevic N, et al. Semiautomatic brain region extraction: a method of parcellating brain
. . . 150.00 10000 100,00 regions from structural magnetic resonance images. Neuroimage 2004 Aug;22:1492-1502.
[ = = - - =
The derived score from the difference between TMT-B and TMT-A (TMT B-minus 2000 1000 o0 1000 2000 00 ~018o000 ~0050000 2000000 0050000 9106000 ~0108000 0000000 9105000 0200000 0300000 . Devos H, Akinwuntan AE, Nieuwboer A, Truijen S, Tant M, De WW. Screening for fitness to drive after stroke: a

Cholinergic Hyperintensity Projection Scale Global WMH Volume % of TIV Infarction Volume % of TIV

Summary of Findings:

* Fewer years of education, increasing infarct volume, and increasing global WMH volume were associated
with worse speed of processing

* Onlyincreasing age and increasing CHIPS rating was associated with worse set shifting

 When those with stroke involvement in the lateral cholinergic projections were excluded (N=14), the

association between CHIPS and set shifting executive function remained

Both increasing Global WMH volume (rho=0.484, p=0.0001) and increasing CHIPS severity (rho=0.324,

p=0.02), were correlated with hypertension

TMT-A time) was used as a purer metric of set-shifting executive function. systematic review and meta-analysis. Neurology 2011 Feb 22;76:747-756.

5. Statistical Analysis

* Using Microsoft SPSS 20.0 Software, multiple linear regression analyses with
backwards elimination of non-significant variables were performed

* Normal Appearing Brain Parenchymal Fraction (BPF), infarction volume, CHIPS
rating score, and global WMH volume, as predictors of (i) TMT-A and (ii) TMT-B-
minus-TMT-A *

 Age, sex, education and strategic stroke location were controlled for in all analyses
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