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Letter to the Editor

Dear Sir: 

Although cognitive decline in patients with extracranial ath-
erosclerotic artery stenosis (ECAS) may be improved by carotid 
revascularization,1 the effect of stenting on cognitive dysfunction 
in patients with intracranial atherosclerosis (ICAS) remains un-
known. Although stent placement was not effective in improving 
overall outcomes of patients with ICAS,2 the value of stenting 
may have to be reconsidered if the procedure alleviates cognitive 
dysfunction. We aimed to evaluate changes in cognitive function 
and perfusion after stent placement in ICAS patients.

Consecutive patients undergoing stenting who (1) had signifi-
cant stenosis (>50%) in the major intracranial arteries and (2) 
received stenting by consensus of the stroke team (stent group) 
at the Asan Medical Center, from May 2009 to August 2011, 
were recruited. Patients who had embolic sources and those with 
severe cognitive dysfunction who could not undergo neuropsy-
chology (NP) tests were excluded. Control subjects were sex- and 
age-matched with patients with the same condition, but who 
refused this procedure for personal reasons. 

All patients underwent NP evaluations on the day before the 
stenting (T0) and at the 12-month (T12) follow-up visit. This in-
cluded Mini-Mental Status Examination (MMSE), Beck’s depres-
sion inventory (BDI), and NP tests assessing: (1) attention and 
executive function—forward/backward digit span test, trail mak-
ing test A & B (TMT-A&B), digit symbol test, and phonemic flu-
ency test; (2) memory—Seoul Verbal Learning Test (SVLT) and Rey 
Complex Figure Test (RCFT), and (3) visuospatial and construc-
tional function—the clock drawing test. The study was approved 

by our ethical committee, and all the patients provided informed 
consent. Diamox brain single-photon emission computed tomog-
raphy (SPECT) was also performed at T0 and T12 in the stent 
group.3 

For statistics, the Mann-Whitney U test was used to estimate 
the differences among continuous variables, and the chi-square 
and Fisher exact test were used for categorical data. To evaluate 
the results of NP tests, the differences observed in each patient 
after 12 months (T12-T0, ΔT12) compared to baseline were cal-
culated. The mean Δ values were compared between the groups. 
All statistical analyses were conducted using SPSS for Windows 
(version 18.0; SPSS Inc., Chicago, IL, USA).

Eleven patients (mean age: 57.3 years, range 48-73 years) 
with distal internal carotid artery (ICA) (n=3), middle cerebral 
artery (MCA) (n=4), basilar artery (BA) (n=2), and distal verte-
bral artery (VA) (n=2) stenoses and 11 control subjects (mean 
age: 60.7 years, range 49-72 years) with MCA (n=8) and BA 
(n=3) stenoses were enrolled. The stenosis severity of these pa-
tients averaged 75% (range: 50-100). There were no differences 
in demography, vascular risk factors, the side and degree of ste-
nosis, the length of education, and MMSE, BDI, NIHSS, and NP 
tests for various domains of cognition between the two groups. 

All patients in the stent group underwent successful proce-
dures without any neurological complications, and there was no 
significant residual stenosis. All patients were followed up for a 
period of 12 months. Between the two groups, the mean differ-
ence between the changes over time in MMSE, BDI, and NP test 
results for various domains was not significant (Table 1). Initial 
and follow-up SPECTs were performed in six patients (55%) from 
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the stent group. Initially, all the patients showed decreased per-
fusion corresponding to the stenosed artery. The perfusion ab-
normalities of all six patients improved or normalized after stent 
placement. However, there was no difference in changes of cog-
nitive function even in these six patients. 

The baseline MMSE score in our patients was 26, and the 
scores from the NP were also generally low, suggesting the pres-
ence of diffuse cognitive impairment. This appears to be consis-
tent with a previous study based on transcranial Doppler ultraso-
nography that reported that low cerebral blood flow velocity was 
associated with cognitive decline.4 We found, however, that stent 
placement did not affect cognition after 1 year, despite the im-
proved cerebral perfusion in these patients. It seems that there 
may be brain damages associated with stenting that possibly off-
set the potential beneficial effects of improved perfusion.5 First, 
the debris of atherosclerotic plaques could be dislodged during 
the procedure leading to distal embolization.6 Generation of mi-
croembolic events on transcranial Doppler ultrasonography or 
new embolic brain lesions detected by diffusion-weighted MRI 
(DWI) have been reported to occur during or after interventional 
procedures.7 In a previous study, cognitive function tended to de-
crease more significantly in patients receiving stenting than in 
those undergoing endarterectomy, which may be related to new 
ischemic lesions that occur twice as often in the former group.8 
As only stenting procedures are feasible in treating ICAS, the ad-
verse effect of interventional procedures on cognitive function 
may be more apparent in these patients.

Second, selective ballooning during the intervention may re-
sult in transient cerebral hypoperfusion. In addition, although 
none of our patients developed overt hyperperfusion syndrome, 
cerebral hyperperfusion secondary to revascularization may lead 
to brain damage.9 Finally, revascularization of a stenosed intra-
cranial artery may lead to perfusion improvement in smaller ar-
eas of the brain than in patients receiving carotid revasculariza-
tion because the stenosed vessels are located distal to the com-
municating arteries in ICAS patients. 

The merits of our study included our evaluation of the perfu-
sion before and after stenting using Diamox SPECT, which may 
influence cognitive improvement. Moreover, we performed fol-
low-up NP tests at a 1-year interval to minimize the learning ef-
fect. The limitations of our study included the non-randomized 
design, the lack of SPECT imaging in the control group, and most 
importantly, the lack of statistical power due to the small num-
ber of enrolled patients. Unfortunately, we had to prematurely 
terminate our study because the number of stenting cases dra-
matically plummeted after the negative results of the SAMM-
PRIS study.2 However, because we could not see any ‘trend’ of 
improvement in stented patients, we suspect that the results 
may have been the same, even if larger number of patients were 
enrolled. Despite these limitations, our preliminary results sug-
gest that the stenting procedures may not be of benefit in im-
proving cognitive function in ICAS patients.

Table 1. Changes in cognitive function during the 12-month period, and comparisons of the differences between the stent and control group

 Stent group Control group P value† Stent group Control group 
P value 

T0 T12 T0 T12 T0 T12 ΔT12 ΔT12

MMSE 25.4 27.4 26.6 26.6 0.474 0.604 0.73 0 0.511
BDI 15.9 13.3 12 7.6 0.407 0.266 -2.64 -4.36 0.688
Attention and executive function 
   Forward digit span 7.2 6 7.7 6.7 0.375 0.36 -1.18 -1 0.776
   Backward digit span 3.5 3.8 3.9 3.7 0.492 0.892 0.27 -0.18 0.245
   TMT-A (second)* 61 76.9 68.3 67 0.643 0.595 4.44 -1.27 0.595
   TMT-B (second)* 149.4 163.8 143.6 151.1 0.869 0.813 5.5 2.22 0.918
   Digit symbol test 36.9 39.6 30.2 33.6 0.392 0.528 1.5 3.45 0.607
   Phonemic fluency (n) 12.5 12.5 11.4 11.4 0.653 0.376 0 -0.91 0.644
Memory 
   SVLT (total score, n) 16.6 19 15.8 16.5 0.724 0.397 2.36 0.72 0.431
   SVLT (detailed recall, n) 4.4 4.8 4 4.6 0.772 0.901 0.73 0.64 0.927
   SVLT (recognition, n) 18.2 19.8 19.8 18.9 0.305 0.554 0 -0.91 0.723
   RCFT (total score) 24.7 31.4 30.7 31.2 0.243 0.932 0 0.5 0.821
   RCFT (delayed recall) 9.8 4.8 12.4 4.6 0.503 0.664 5.93 3.27 0.387
   RCFT (recognition) 18.8 19.7 20.4 19.5 0.249 0.795 -1.11 -0.91 0.52
Visuospatial and constructional function 
   Clock drawing 5.8 5.4 6.7 6.2 0.137 0.439 -0.45 -0.55 0.917

*Higher values denote more severe impairment, and negative difference score values indicate improvement; †P values are for comparison of T0 and T12 as-
sessments between stent and control patients.
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