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Abstract

Background—~Revascularization of stenatic cerebral arteries is hypothesized to improve
cognition by increasing cerebral perfusion.

Aims—We compared cognition impairment among patients treated with percutaneous angioplasty
and stenting (PTAS) and aggressive medical management (AMM) vs. AMM alone in the
SAMMPRIS Trial.

Methods—In SAMMPRIS, 451 patients with recent TIA or stroke attributed to 70%-99%
intracranial stenosis were randomized to PTAS plus AMM or AMM alone. Patients with stroke as
the qualifying event with an NIHSS indicating aphasia or neglect were excluded from these
analyses. Patients with a cerebrovascular event (ischemic stroke, cerebral infarct with temporary
signs (CITS), or ICH) during follow-up were excluded from follow-up visit analyses. The
Montreal Cognitive Assessment (MoCA) score was used to assess cognition impairment at
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baseline, 4 months, 12 months, and closeout. Cognitive impairment was defined as MoCA <26.
Mean MoCA scores and the percentage of patients with cognitive impairment were compared
between treatment groups at each time point using t-tests and Chi-square tests. Differences in
MoCA means from baseline to follow-up time points were compared using mixed model repeated
measures ANOVA and Tukey-Kramer tests.

Results—There were no significant differences between the treatment groups for mean MoCA at
any time point. Mean MoCA scores improved in both groups. The percentage of patients with
cognitive impairment in the AMM vs. PTAS groups was not significantly different at any time
point.

Conclusions—Revascularization with PTAS showed no improvement in cognitive impairement
over aggressive medical management alone among patients who did not have recurrent
cerebrovascular events during follow-up.
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Introduction

Cognitive function is an important secondary outcome in stroke prevention studies,
particularly in trials that study interventions affecting cerebral blood flow. Revascularization
procedures of stenotic cerebral or pre-cerebral arteries are of particular interest due to a
hypothesized improvement in brain perfusion resulting in preservation or improvement of
cognition, independent of stroke outcomes. For this reason, cognitive impairment was a pre-
specified secondary outcome in the Stenting versus Aggressive Medical Therapy for
Intracranial Arterial Stenosis (SAMMPRIS) trial that studied revascularization of stenotic
cerebral arteries. While SAMMPRIS showed that aggressive medical management (AMM)
alone was superior to percutaneous angioplasty and stenting (PTAS) plus AMM for
secondary stroke prevention!, we sought to determine if patients treated with PTAS would
have less cognitive impairment, independent of stroke recurrence, compared to AMM alone.

Methods

The design, participant characteristics and primary outcome results of SAMMPRIS have
been previously reported.13 In brief, patients with recent transient ischemic attack (T1A) or
stroke attributed to 70-99% intracranial stenosis were randomized to treatment with PTAS
plus AMM or AMM alone. Patients randomized to PTAS were required to undergo PTAS
within 3 business days of randomization. In order to minimize the effect of focal
neurological deficits from stroke (e.g. aphasia or neglect) on cognitive function, patients
presenting with stroke as the qualifying event who had a National Institutes of Health Stroke
Scale (NIHSS) score that included points for aphasia or neglect were excluded from these
analyses. Similarly, in order to assess the impact of treatment on cognitive function,
independent of the treatment's stroke prevention impact, patients with symptomatic
cerebrovascular events (ischemic stroke, cerebral infarct with temporary signs, or
intracerebral hemorrhage) during follow-up were excluded from these analyses. Details
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regarding the adjudication of events are described elsewhere?. In brief, study neurologists
who were not masked to treatment assignment evaluated patients with a potential event.
Patients with neurological events that were potentially difficult to classify (a TIA lasting > 1
hour or mild ischemic stroke [an increase in the patient's National Institute of Health Stroke
Scale of < 4 from study entry]) were evaluated by a second neurologist who was masked to
treatment. Both neurologists’ assessments were sent for central adjudication by neurology
adjudicators who were masked to treatment assignment.

The Montreal Cognitive Assessment (MoCA) was used to assess cognitive impairment.
MoCA is a screening tool that is sensitive to cognitive deficits arising from stroke and
vascular cognitive impairment?. MoCA was performed at baseline, 4 months, 12 months,
and closeout. Cognitive impairment was defined as a MoCA score < 26, the standard value
that has 90% sensitivity for detecting mild cognitive impairment®. Additional analyses also
examined cognitive impairement using a MoCA < 23, and mean MoCA scores. We also
examined a MoCA sub-score of 11 points that focused on frontal and subcortical function
(MoCA FS), which used the Trails B, clock drawing, attention (3 tasks), and fluency
portions of the MoCA. In addition, the percentage of patients in each treatment group who
had a change in MoCA of 1 or more points was also compared for the group overall and the
subset of patients with more than 3 years of follow-up.

Mean MoCA scores and the percentage of patients with cognitive impairment using the
MoCA thresholds and FS sub score described above were compared between treatment
groups at each time point using t-tests and Chi-square tests. The percentage of patients with
a change in MoCA +/- 1 point was compared between treatment groups using Chi-square
tests. Differences in MoCA means from baseline to follow-up time points for each treatment
group were compared using mixed model repeated measures, ANOVA, and Tukey-Kramer
tests and adjusted for age, gender, hypertension, diabetes, lipid disorder, old infarcts, stroke
as the qualifying event, and location of the symptomatic artery.

Of the 451 patients enrolled in SAMMPRIS, 371 had MoCA recorded at baseline and did
not have a NIHSS that indicated aphasia or neglect (=188 in AMM group, n=183 in PTAS
group). At 12 months, 253 of these patients had MoCA data and did not have a
cerebrovascular event in the preceding 12 months. At closeout, 199 patients had MoCA data
and did not have a cerebrovascular event prior to closeout. Mean follow-up was 3.05 and
3.12 years in the AMM and PTAS groups, respectively. The number of subjects with at least
3 years of follow-up were similar between the AMM (n=59) and PTAS (n=54) groups.

The percentage of patients with cognitive impairment (MoCA < 26) in the AMM vs PTAS
groups was not significantly different at baseline (53 vs 56%, p=0.55), 12 months (42 vs
40%, p=0.70) and closeout (43 vs 38%, p=0.48). Similarly, at both 12 months and closeout,
cognitive function was not impacted by treatment when using a MoCA cutoff of < 23
(p=0.94 and p=0.81, respectively). Mean MoCA scores were not different between AMM vs.
PTAS at 12 months (25.4 £ 3.73 vs. 25.65+ 3.89, p=0.55) and closeout (25.58+3.61 vs.
25.66+3.76, p=0.90). There was also no difference in mean MoCA FS at 12 months
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(p=0.93) and closeout (p=0.69). The percentage of patients in each treatment group who had
an increase or decrease of MoCA score from baseline to closeout was not different for the
group overall (p=0.59) or for only subjects with more than 3 years of follow-up (p=0.65), as
shown in Tables 1 and 2. Patients in both treatment groups had a statistically significant
(p<0.05) approximately 1 point increase in MoCA score from baseline to the follow-up
visits, as shown in Figure 1. Treatment assignment was not associated with a change in
MoCA score from baseline to 1 year or closeout (p= 0.4747 and p=0.4706, respectively),
even after adjusting for age, gender, hypertension, diabetes, lipid disorder, old infarcts,
stroke as the qualifying event, and location of the symptomatic artery (p=0.4656 and
p=0.5640).

Discussion

In SAMMPRIS, revascularization with PTAS did not provide improvement in cognitive
assessment scores over aggressive medical management alone among patients who did not
have recurrent cerebrovascular events during follow-up. While it has been hypothesized that
reduced perfusion through a large cerebral artery may lead to cognitive decline and therefore
reperfusion of stenotic cerebral arteries would improve cognition, there is a paucity of data
that supports this hypothesis. Few randomized trials studying revascularization in patients
with large artery cerebrovascular disease have assessed cognition and the available data are
limited to only extracranial arteries®-8, not intracranial arteries. Both the Asymptomatic
Carotid Artery Study (ACAS), which studied carotid endarterectomy versus medical therapy,
and the Randomized Evaluation of Carotid Occlusion and Neurocognition (RECON) trial
(an ancillary study of the Carotid Occlusion Surgery Study (COSS) that studied extracranial
— intracranial bypass for carotid occlusion), showed no benefit of revascularization on
cognition over time 8 7. ACAS reported a non-significant decline in the MMSE in both
treatment groups during 5 years of follow-up®. RECON showed no difference in the change
in cognitive function over time between medical or revascularization groups during 2 years
of follow-up using a battery of 14 neurocognitive tests.” Together, analyses of these 3
randomized clinical trials provide no support for the hypothesis that revascularization of
large cerebral arteries provides any improvement in cognitive assessment scores.

Overall, SAMMPRIS patients in both treatment groups did have a small improvement in
performance in MoCA testing during a mean follow-up of 3 years. However, both groups
also had a large percentage of patients with at least minimal decline. Given that multimodal
risk factor control, including healthy diet, exercise, and vascular risk factor medications,
improves cognitive outcome in healthy older adults,® it is possible that the intensive risk
factor treatment provided in SAMMPRIS2 may have resulted in some cognitive
improvement in this high-risk stroke population. Future analyses on the impact of risk factor
control on MoCA scores in SAMMPRIS may address this issue. However, the increase in
MoCA scores seen in both groups during follow-up may also be due to a possible learning
effect of the MoCA, as increases of 0.9 points at 1 month have been reported®.

A limitation of our study is that we cannot account for the impact of silent cerebral infarcts,
which may have been more prevalent in one treatment group, on the MoCA scores because
brain imaging was not required in patients without neurological symptoms. Similarly,
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angiography during follow-up was not permitted, so the impact of restenosis or occlusion on
MoCA scores cannot be assessed. The use of MoCA to assess cognitive function may also
be considered a limitation. While the MoCA can be sensitive for screening for cognitive
impairment, it does not provide the detailed assessment of subtle changes in cognitive
function that a more comprehensive neuropsychological evaluation would. Future studies of
treatments for symptomatic intracranial stenosis could address this issue by performing more
detailed neuropsychiatric testing. However, given that stenting of stenotic intracranial
arteries is not recommended for stroke preventionl9, future studies to assess the impact of
revascularization on stroke prevention and/or cognition are likely to be limited to very select
high-risk patients and not generalizable to all patients with intracranial stenosis.

In conclusion, among patients with symptomatic severe intracranial atherosclerotic stenosis,
revascularization does not provide any independent benefit on cognitive assessment scores
over medical therapy and therefore is unwarranted for that purpose.
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Figure 1.
MoCA Score by Treatment Assignment During Follow-up
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Table 1

Change in MoCA score among SAMMPRIS patients by treatment assignment

Changein MoCA points

AMM (Medical therapy only)

PTAS (stenting and medical therapy)

Increase >=1

48 (37.5%)

39 (32.0%)

No change

19 (14.8%)

20 (16.4%)

Decrease >= 1

61 (47.7%)

63 (51.6%)

Chi-square p-value = 0.655
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Change in MoCA score among SAMMPRIS patients with > 3 years of follow-up by treatment assignment

Table 2

Changein MoCA points

AMM (Medical therapy only)

PTAS (stenting and medical therapy)

Increase >=1

20 (33.9%)

18 (33.3%)

No change

7 (11.8%)

10 (18.5%)

Decrease >= 1

32 (54.2%)

26 (48.2%)

Chi-square p-value = 0.596
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