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symptomatic CI patients (86%) had an MCA flow score of 1 
or 2 (decreased MCA flow).  Conclusion:  The ACA–PCoA 
score and white matter disease grade may suggest an 
 increased risk of CI following ICAO.  © 2016 S. Karger AG, Basel 

 Introduction 

 In patients with 70 or 80% stenosis  [1]  of an internal 
carotid artery (ICA), carotid artery endarterectomy 
(CEA) or carotid artery stenting (CAS) should be consid-
ered to prevent cerebral infarction (CI). On the other 
hand, medical treatments should also be considered to 
prevent CI, depending on the condition of the patient. 
The severity of the carotid artery stenosis, whether the 
stenosis contains calcification around the lesion, and 
whether the patient has other risk factors (heart dysfunc-
tion, kidney dysfunction, age, and so on) are important 
factors in choosing CEA, CAS, or medical treatment. 
When severe stenosis of an ICA progresses to occlusion, 
a patient may or may not develop CI.

  In previously reported studies on patients with unilat-
eral ICA occlusion (ICAO), an anterior communicating 
artery (ACoA) was more often identified by magnetic res-

 Key Words 

 Circle of Willis · Internal carotid artery · Cerebral infarction · 
Cerebral blood flow · White matter disease 

 Abstract 

  Background:  When an internal carotid artery (ICA) occludes, 
a patient may develop cerebral infarction (CI). We investi-
gated whether CI caused by ICA occlusion (ICAO) is associ-
ated with collateral flow through the anterior and posterior 
communicating arteries (ACoA and PCoA).  Methods:  In 100 
patients with ICAO, we investigated CI and white matter dis-
ease by performing an MRI and the anatomy of the ACoA and 
PCoA were investigated by performing magnetic resonance 
angiography. All patients were divided into the symptom-
atic CI group or the no-CI group. The collateral flow pathway 
was estimated by the anterior cerebral artery (ACA)–PCoA 
score and the collateral flow volume after ICAO was estimat-
ed by the middle cerebral artery (MCA) flow score, based on 
how well the MCA was visualized.  Results:  Of 100 patients 
with ICAO, the symptomatic CI group included 36 patients. 
ACA–PCoA score and white matter disease grades were sig-
nificantly higher in the CI group (indicating poor collateral 
flow). More than 80% of patients with an ACA–PCoA score of 
4 (poor collateral) experienced symptomatic CI. Thirty-one 
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onance angiography (MRA) in a “no-infarcts” group 
compared to a “CI” group, and collateral flow via the 
ACoA, estimated by means of cine phase contrast-MRA, 
was associated with a reduction in the prevalence of bor-
der zone CI  [2, 3] . The significance of collateral flow 
through a posterior communicating artery (PCoA) has 
been reported for symptomatic CI in patients with ICAO 
 [2, 4–6] . In another report, it was found that there was no 
difference in collateral flow patterns on MRA  [7]  between 
symptomatic CI patients and asymptomatic patients with 
ICAO, but a lower likelihood of ischemic stroke was ob-
served in ICAO patients with more collateral vessels com-
pared to patients with one or no collateral vessel on four-
vessel angiogram  [8] .

  More recently, middle cerebral artery (MCA) flow has 
been shown to be focally associated with border zone in-
farction in situations of MCA stenosis or occlusion  [4, 9, 
10] . Presymptomatically, examination of the anterior ce-
rebral artery (ACA), ACoA, and PCoA may be important 
because they can continue to supply the MCA flow after 
ICAO. MCA stenosis or occlusion seems to be a circula-
tory disturbance similar to stenosis or deficiency of ACA 
and PCoA flow in patients with ICAO. Furthermore, pre-
symptomatically, the examination of white matter disease 
is also important because white matter disease severity 

has been associated with ischemic brain damage and 
functional deficit severity  [11, 12] , and reduced cerebral 
blood flow (CBF) may precede the development of new 
white matter disease  [13] .

  To examine the prevalence of neurological deficits af-
ter ICAO, and to prevent CI, we investigated the anatom-
ical etiology, that is, the collateral circulation through the 
ACA, ACoA, and PCoA estimated by MRA and its thin-
slice original axial images. Additionally, we studied white 
matter disease, estimated by MRI and its laterality in pa-
tients with ICAO. We propose the ACA–PCoA score to 
easily estimate collateral flow pathway and the MCA flow 
score to estimate collateral flow volume after ICAO.

  Methods 

 One hundred patients who visited our hospital and were diag-
nosed with ICAO by MRA and MRI for from October 2008 to De-
cember 2015 were included in our study. Those patients with 
ICAO were divided into 2 opposing groups of patients with 3 dif-
ferent patterns, (1) symptomatic CI group vs. asymptomatic group 
( Tables 1 ,  2 ), (2) MRI-diagnosed CI group vs. no-MRI-diagnosed 
CI group ( Tables 3 ,  4 ), or (3) CI-transient ischemic attack (TIA) 
group (symptomatic CI or TIA) vs. no-CI-TIA group ( Tables 5 ,  6 ).

  MRA was performed in all 100 patients to evaluate the ACA, 
ACoA, PCoA, and posterior cerebral artery (PCA) P1 segment. 

Table 1.  Clinical profiles in symptomatic CI and asymptomatic groups

Symptomatic 
CI group

Asymptomatic 
group

Levene, 
p values

 t test Total

t v alues df p values

Number 36 (100) 64 (100) 100 (100)
Age, years 68.4±9.0 70.9±6.8 0.14 –1.53 98 0.130 69.9±7.2
Male 26 (72.2) 46 (71.9) 72 (72)
ACA score 1.80±0.53 0.69±0.85 <0.0001 8.02 95.6 <0.0001* 1.08±0.92
PCoA score 1.83±0.45 0.62±0.78 <0.0001 9.80 97.5 <0.0001* 1.04±0.90
ACA–PCoA score 3.63±0.65 1.31±1.20 <0.0001 12.59 98.0 <0.0001* 0.12±1.52
ACA–PCoA score 3, 4 32 (78.0) 9 (22.0) 41 (100)
PVH (grade) 1.77±1.35 1.08±0.83 <0.0001 2.77 48.3 0.008* 1.32±1.09
DSWMH (grade) 1.77±1.37 1.26±0.91 0.0009 1.98 50.3 0.054 1.44±1.11
Laterality of PVH and DSWMH 19 (52.8) 25 (39.1) 44 (44)
Asymptomatic lacunae 15 (41.7) 23 (35.9) 38 (38)
TIA – 32 (50.0) –
Lacunae-like infarction 5 (13.9) 11 (17.2) 16 (16)
Border zone infarction 31 (86.1) 9 (14.1) 40 (40)
Modified Rankin Scale 2.83±1.60 0.18±0.50 <0.0001 9.54 37.6 <0.0001* 1.11±1.63

 Values are mean ± SD and n (%).
CI, cerebral infarction (6 lacunae infarcts were included); df, degrees of freedom; ACA, anterior cerebral artery; PCoA, posterior 

communicating artery; PVH, periventricular hyperintensity; DSWMH, deep subcortical white matter hyperintensity; TIA, transient 
ischemic attack. If Levene p value <0.05, Welch t test was performed. * p < 0.05.
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Three-dimensional (3D) time-of-flight (TOF)-MRA was obtained 
with a 1.5-tesla imaging system (Toshiba, Ootawara, Japan).

  We estimated the collateral circulation with our scoring system 
( Table 7 , ACA–PCoA score = ACA score + PCoA score). The ACA 
score estimates the existence of bilateral ACAs and an ACoA. The 
PCoA score estimates the existence of a PCoA and a PCA P1 seg-
ment. The ACoA was confirmed by 3D TOF-MRA and the original 
thin axial images (TR/TE, 28/6.8 ms; flip angle, 18 degrees; slice 
thickness, 1.0 mm; slice overlap of 18 mm; field of view, 200 × 200 
mm; matrix size, 224 × 256). The ACoA is well estimated not only 
with MRA but also on original thin axial MR images, which is very 
helpful in scoring.

  The existence of CI and grades of white matter disease were 
estimated by MR fluid-attenuation inversion recovery imaging. 
Grades of white matter disease (periventricular hyperintensity 
[PVH] and deep subcortical white matter hyperintensity 
[DSWMH]) were determined  [14] .

  It was found that TOF-MRA signal intensity correlated with 
blood flow velocity  [15] . Visualization of cerebral arteries depends 
on the flow through the arteries seen on TOF-MRA. Visibility on 
TOF-MRA decreases if blood flow is poor compared to the normal 
state. The MCA is not visible on MRA when MCA flow has de-
creased and/or disappeared. We then estimated the MCA flow 
with our scoring system, that is, the MCA flow score, in patients 
with ICAO ( Table 8 ).

  This clinical study was approved by the Ethics Committee of 
Saitama Medical Center, Jichi Medical University (15-36).

  Statistical Analysis 
 Statistical analyses were performed with JMP 9 software 

package (SAS Institute Inc., Cary, NC, USA). The values ( Tables 
1 ,  3 ,  5 ) of symptomatic CI (excluding TIA) vs. asymptomatic 
groups, MRI-diagnosed CI vs. no-MRI-diagnosed CI groups, 
and symptomatic CI-TIA (including TIA) vs. asymptomatic 

Table 3.  Clinical profiles in MRI-diagnosed CI and no-MRI-diagnosed CI groups

 MRI-diagnosed CI Levene, 
p values

t test Total
+ – t values df p values

Number 54 (100) 46 (100) 100 (100)
Age, years 69.4±8.4 70.7±6.9 0.25 –0.86 98 0.392 69.9±7.2
Male 41 (77.4) 31 (66.0) 72 (72)
ACA score 1.40±0.86 0.72±0.85 0.94 3.92 98 0.0002* 1.08±0.92
PCoA score 1.47±0.77 0.55±0.77 0.95 5.92 98 <0.0001* 1.04±0.90
ACA–PCoA score 2.87±1.41 1.27±1.15 0.13 6.11 98 <0.0001* 2.12±1.52
ACA–PCoA score 3, 4 35 (85.4) 6 (14.6) 41 (100)
PVH (grade) 1.64±1.16 0.96±0.88 0.02 3.33 95.9 0.0012* 1.32±1.09
DSWMH (grade) 1.70±1.23 1.15±0.88 0.02 2.58 94.0 0.0115* 1.44±1.11
Laterality of PVH and DSWMH 34 (64.2) 10 (21.3) 44 (44)
Asymptomatic lacunae 31 (58.5) 7 (14.9) 38 (38)
TIA 11 (20.4) 21 (44.7)
Lacunae-like infarction 14 (25.9) 0 (0) 14 (14)
Border zone infarction 40 (74.1) 0 (0) 40 (40)
Modified Ranking Scale 2.00±1.77 0.11±0.48 <0.0001 7.51 60.5 <0.0001* 1.11±1.63

 Values are mean ± SD and n (%).
CI, cerebral infarction (6 lacunae infarcts were included); df, degrees of freedom; ACA, anterior cerebral artery; PCoA, posterior 

communicating artery; PVH, periventricular hyperintensity; DSWMH, deep subcortical white matter hyperintensity. If Levene p va-
lue <0.05, Welch t test was performed. * p < 0.05.

Discriminants (LOF: p = 0.99) OR 95% CI p value

Age, years 0.874 0.769–0.971 0.021
ACA–PCoA score 7.839 3.813–21.159 <0.0001*
PVH 2.618 1.201–7.200 0.031*
Laterality of PVH and DSWMH 0.879 0.174–4.197 0.872

 LOF, lack of fit test; ACA, anterior cerebral artery; PCoA, posterior communicating 
artery; PVH, periventricular hyperintensity. The model fit the data, determined by a 
lack of fit test (p > 0.05). * p < 0.05.

Table 2.  Logistic regression analysis in 
symptomatic CI and asymptomatic CI 
groups
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Table 4.  Logistic regression analysis in 
MRI-diagnosed CI and no CI

Table 5.  Clinical profiles in the CI-TIA group and the no-CI-TIA group

CI-TIA group Levene, 
p values

 t test Total

+ – t value s df p values

Number 68 (100) 32 (100) 100 (100)
Age, years 70.2±8.6 69.7±5.6 0.0092 0.338 90.7 0.736 69.9±7.2
Male 51 (75.0) 21 (65.6) 72 (72)
ACA score 1.33±0.88 0.58±0.79 0.16 4.16 98 <0.0001* 1.08±0.92
PCoA score 1.31±0.84 0.48±0.76 0.14 4.80 98 <0.0001* 1.04±0.90
ACA–PCoA score 2.64±1.43 1.06±1.09 0.01 6.13 81.2 <0.0001* 2.12±1.52
ACA–PCoA score 3, 4 38 (92.7) 3 (7.3) 41 (100)
PVH (grade) 1.46±1.20 1.03±0.77 0.001 2.18 91.0 0.0319* 1.32±1.09
DSWMH (grade) 1.58±1.21 1.15±0.83 0.01 2.08 87.2 0.0404* 1.44±1.11
Laterality of PVH and DSWMH 34 (50.7) 10 (30.3) 44 (44)
Asymptomatic lacunae 26 (38.8) 12 (36.4) 38 (38)
TIA 32 (47.1) 0 (0)
Lacunae-like infarction 5 (7.4) 11 (16.9) 16 (16)
Border zone infarction 31 (45.5) 9 (13.8) 40 (40)
Modified Rankin Scale 1.58±1.77 0.15±0.57 <0.0001 6.03 88.4 <0.0001* 1.11±1.63

 Values are mean ± SD and n (%).
CI, cerebral infarction (6 lacunae infarcts were included); df, degrees of freedom; ACA, anterior cerebral artery; PCoA, posterior 

communicating artery; PVH, periventricular hyperintensity; DSWMH, deep subcortical white matter hyperintensity. If Levene p 
value <0.05, Welch t test was performed. * p < 0.05.

Table 7.  Scoring for the collateral circulation (collateral score)

ACA score (ACoA and bil. A1 segments)
0: Demonstrated ACoA and bil. A1 segments well
1: Narrow ACoA or narrow A1 segments
2: No ACoA or no A1 segment

PCoA score (PCoA)
0: Demonstrated PCoA well with normal P1
1: Narrow PCoA or PCoA with narrow P1
2: No PCoA or PCoA without P1

 ACA–PCoA score = ACA score + PCoA score.
ACA, anterior cerebral artery; ACoA, anterior communicating 

artery; PCoA, posterior communicating artery; P1, the first segment 
of PCA.

Table 6.  Logistic regression analysis in the CI-TIA group and the 
no-CI-TIA group

Discriminants (LOF: p = 0.41) OR 95% CI p value

Age, years 0.940 0.951–1.106 0.527
ACA–PCoA score 2.291 1.599–3.477 <0.0001*
PVH 1.106 0.604–2.119 0.750
Laterality of PVH and 

DSWMH 1.850 0.607–5.855 0.283

 LOF, lack of fit test; ACA, anterior cerebral artery; PCoA, 
posterior communicating artery; PVH, periventricular hyperin-
tensity. The model fit the data, determined by a lack of fit test 
(p > 0.05). * p < 0.05.

Discriminants (LOF: p = 0.65) OR 95% CI p value

Age, years 0.940 0.863–1.017 0.137
ACA–PCoA score 2.410 1.656–3.737 <0.0001*
PVH 1.589 0.865–3.148 0.153
Laterality of PVH and DSWMH 7.151 2.258–25.99 0.0014*

 LOF, lack of fit test; ACA, anterior cerebral artery; PCoA, posterior communicating 
artery; PVH, periventricular hyperintensity. The model fit the data determined by a lack 
of fit test (p > 0.05). * p < 0.05.
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groups were analyzed using an unpaired 2-tailed  t  test ( p  > 0.05) 
or a Welch  t  test ( p  < 0.05) determined by Levene’s test to assess 
homogeneity of variance. Discriminants in the symptomatic CI 
group (excluding TIA) vs. asymptomatic group, the MRI-diag-
nosed CI group vs. no-MRI-diagnosed CI group and the CI (in-
cluding TIA) group vs. asymptomatic group were analyzed by 
logistic regression analysis ( Tables 2 ,  4 ,  6 ), and clinically mean-
ingful variables were determined. We determined whether the 
model fit the data by a lack of fit test. All values are presented as 
means ± SD.

  Results 

 The ACA–PCoA score was determined by MRA and 
the original thin-scanned axial MR images. The existence 
of ACoA and PCoA was judged more easily by the origi-
nal thin scanned axial MR images ( Fig. 1 ). CI was diag-
nosed by performing an MRI in patients with ICAO.

  Patient characteristics in the symptomatic CI (exclud-
ing TIA) group vs. the asymptomatic groups are summa-
rized in  Table 1 . There were no significant differences in 
terms of age or gender between the 2 groups. MRA 
showed that the ACA score, PCoA score, and ACA–
PCoA score were statistically and significantly higher in 
the symptomatic CI group compared to the scores in the 
asymptomatic group ( Tables 1 ,  2 ). MRI showed that the 
white matter disease grades (reflecting PVH) were also 
high in the symptomatic CI group ( Tables 1 ,  2 ).

  Patient characteristics in the MRI-diagnosed CI group 
vs. the no-MRI-diagnosed CI group are summarized in 
 Table 3 . There were no significant differences in terms of 
age or gender between the 2 groups. MRA showed that 
the ACA scores, PCoA scores, and ACA–PCoA scores 
were significantly higher in the MRI-diagnosed CI group 
than in the no-MRI-diagnosed CI group ( Tables 3 ,  4 ). 
MRI showed that the white matter disease grade (reflect-
ing PVH and DSWMH) was also higher in the MRI-diag-
nosed CI group than in the no-MRI-diagnosed CI group 
( Table 3 ). In the MRI-diagnosed CI group, laterality of 
white matter disease was recognized to be statistically sig-
nificant by logistic regression analysis ( Table 4 ).

  Patient characteristics in the CI-TIA group vs. no 
 CT-TIA group are summarized in  Table 5 . There were 
no significant differences in terms of age or gender be-
tween the 2 groups. MRA showed that the ACA scores, 
PCoA scores, and ACA–PCoA scores were significantly 
higher in the CI-TIA group compared to the scores in the 
no-CI-TIA group ( Tables 5 ,  6 ). MRI showed that the 
white matter disease grades (reflecting PVH and 
DSMVH) were also higher in the CI-TIA group than 
those in the non CI-TIA group ( Table 5 ).

  More than 80% of patients with an ACA–PCoA score 
of 4 experienced symptomatic CI, and patients with an 
ACA–PCoA score of 0 or 1 did not experience symptom-
atic CI ( Fig. 2 ). In patients with an ACA–PCoA score of 
3 or 4, ICAO was related to symptomatic CI (78.0%), 
MRI-diagnosed CI (85.4%), and CI or TIA (92.7%;  Tables 
1 ,  3 ,  5 ).

  In all CI groups (symptomatic CI group, MRI-diag-
nosed CI group, CI-TIA group), modified Rankin scores 
were significantly higher than those in other groups (as-
ymptomatic group, no-MRI-diagnosed CI group, and 
no-CI-TIA group;  Tables 1 ,  3 ,  5 ).

  An ipsilateral MCA was not recognized in 9.4% (6/64) 
of the patients with asymptomatic ICAO ( Fig. 3 ). Despite 
good MCA flow score and good ACA–PCoA score, 5% 
(5/100) developed CI.

  Discussion 

 In 100 patients with ICAO, logistic regression analysis 
revealed a relationship between the prevalence of CI and 
collateral flow through the ACA and PCoA, as estimated 
by the ACA–PCoA score. In patients with intracranial or 
cervical atherosclerotic stenosis of the ICA, the circle of 
Willis plays a critical role in preventing future stroke 
events. Our investigation is a retrospective analysis, but it 
gives us significant information about CI patients. The 
prevalence of symptomatic CI in patients with ICAO was 
36%. We propose the ACA–PCoA score (range 0–4), con-
sisting of the ACA score (range 0–2) and the PCoA score 
(range 0–2), as a method to estimate the significance of 
collateral flow. Diameters of the ACA and PCoA were in-
creased in patients with ICAO  [12] , but the dilation was 
small enough to affect the ACA–PCoA score. ACA–
PCoA scores in the symptomatic CI group ( n  = 36) and 
the asymptomatic group ( n  = 64) were 3.63 ± 0.65 and 
1.31 ± 1.20, respectively. In a case with no PCoA (PCoA 
score of 2) and poor ACA flow (ACA score of 1), the 
ACA–PCoA score = 2 + 1 = 3. An ACA–PCoA score of 

Table 8.  Scoring for the MCA flow

MCA flow scale
1. Well visible same as the opposite site
2. Poorly visible compared to the opposite site
3. Not, or barely, visible

 MCA, middle cerebral artery.
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  Fig. 1.  Representative MRA and MRI in patient with ICAO.  a  No 
symptomatic CI and no-MRI-diagnosed CI with left ICAO. ACA–
PCoA score is 1 (left PCoA [small arrow] is dominant and left ACA 
is very fine [arrowhead] but recognized in the original thin axial 
images [ b , arrowhead]). MCA flow score is 0 (arrow).  b  Original 
thin axial images of ( a ); right ACA and ACoA (arrow) and fine left 
ACA (arrowhead).  c  Symptomatic CI and MRI-diagnosed CI with 

right ICAO and border zone infarction. Right MCA is recognized 
but is fine when compared with the left MCA (white arrow). MCA 
flow score is 1.  d  No symptomatic CI and no MCA (circle) with 
right ICAO. MCA flow score is 2. MRA, magnetic resonance angi-
ography; ICA, internal carotid artery; CI, cerebral infarction; ACA, 
anterior cerebral artery; MCA, middle cerebral artery. 

(For figure 1c, d see next page.)
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3 or 4 indicates a higher risk for CI. In patients with ICAO 
and an ACA–PCoA score of 3 or 4, symptomatic CI prev-
alence was 78.0%; in those with MRI-diagnosed CI, it was 
85.4%, and in those with CI or TIA, it was 92.7%; and if 
the ACA–PCoA score was 4, the prevalence of CI with at 
least one of the 3 patterns was more than 90%. We report 
that collateral flow through both the ACA and PCoA is 
significantly related to the prevalence of CI in patients 
with ICAO, using the ACA–PCoA score, which is easily 
estimated using MRA and original thin axial images.

  In cases where the MCA was well recognized with 
MRA after ICAO (high MCA flow score), 90% had no CI. 
In cases where MCA was not recognized after ICAO (low 
MCA flow score), 70% had CI. Five of 100 (5%) patients 
had no CI, despite no visible MCA flow, possibly because 
of collateral circulation via the ophthalmic artery or lep-
tomeningeal arteries. These collateral pathways may be 
found in about 5% of patients with ICAO. MCA flow score 
could well express the prevalence of CI in patients with 
ICAO as well as in those with intracranial stenosis  [15] .

c

d R

R

1
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  In this study, there were no significant differences in 
terms of age or gender between each of the 2 groups, and 
all patients developed ICAO, which could explain that 
the levels of atherosclerosis were similar in all of the ce-
rebral arteries and arterioles in each patient. However, 

in all 3 CI groups (symptomatic CI group, MRI-diag-
nosed CI group, CI-TIA group), grades of white matter 
disease were higher than those in the no-CI groups (as-
ymptomatic group, no-MRI-diagnosed CI group, no-
CI-TIA group), which suggests the development of ath-
erosclerosis in all 3 CI groups. Ozgur et al.  [16]  reported 
that patients with  ≥ 70% stenosis of the ICA, ACA, or 
MCA have decreased cerebrovascular reserve in the ip-
silateral cerebral hemisphere after acetazolamide-chal-
lenged single-photon emission computed tomography 
(SPECT). High-grade white matter disease indicated de-
creased vascular reserve, measured by acetazolamide 
challenge N-isopropyl (I-123)-p-iodoamphetamine–
SPECT  [17] . Areas of border zone infarction seem to be 
located in similar areas of the subcortical brain as seen 
in white matter disease (DSWMH and PVH). Mild isch-
emia due to atherosclerosis before ICAO may induce 
white matter disease, but severe ischemia after ICAO 
may induce border zone infarction. In this report, not 
only the ACA–PCoA scores, but also the white matter 
disease grades were significantly high, with no laterality, 
in all of the CI groups (symptomatic CI group, MRI-
diagnosed CI group, CI-TIA group). Patients with high-
grade white matter disease might have poor leptomen-
ingeal anastomoses. Recent publications have reported 
the relationship between severity of white matter disease 
and leptomeningeal collaterals in ischemic stroke pa-
tients  [18–20] . We reported that white matter disease 
correlated with cognitive impairment  [21] , which we 
should further examine as one of neurological deficits in 
patients with ICAO.

  On the other hand, Katano et al.  [22]  reported a rela-
tionship between hyperperfusion and collateral pathways 
after CEA and reported that ACA collateral flow is also 
important as an escape route. The poor-escape-route 
group ( n  = 17) accounted for 26.2% of the subjects in the 
study ( n  = 65) and increased CBF after CEA in his report. 
The hyperperfusion following surgical treatment for ca-
rotid stenosis and the hypoperfusion following ICAO 
may have similar pathophysiology. The postoperative 
change is suddenly induced after CEA compared to the 
atherosclerotic ICAO process. The ACA and PCoA are 
important for both hyperperfusion after CEA and hypo-
perfusion after ICAO. The flow directions of the ACA 
and PCoA are opposite in hyperperfusion after CEA and 
hypoperfusion after ICAO, but the ACA pathway and 
PCoA pathway are limiting points of both.

  When a patient has a stenotic carotid artery, we first 
need to treat the risk factors for ischemic stroke, including 
hypertension, hyperglycemia, hyperlipidemia, and smok-
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ing, while considering the ACA–PCoA score as well as 
white matter disease and its laterality. In patients with 
ICAO, the laterality of white matter disease was more like-
ly to predict MRI-diagnosed CI, and the white matter dis-
ease grade was more likely to predict symptomatic CI. Both 
the ACA–PCoA score and white matter disease may be im-
portant in the estimation of the risk of symptomatic CI, 
TIA, or MRI-diagnosed CI after ICAO in patients with ICA 
severe stenosis. Additionally, MCA flow score could well 
express the collateral flow volume in accordance with prev-
alence of CI resulting from ICAO. Clinically, the combined 
application of these scores may be helpful in choosing ap-
propriate therapy and preventing CI and its associated 
neurological deficits in patients with ICA stenosis.

  It has been reported that prior TIA is associated with 
a favorable outcome in nonlacunar ischemic stroke, sug-
gesting a neuroprotective effect of TIA ischemic toler-
ance  [23] . In future examinations, we plan to compare 
the clinical profiles of patients who experienced ICAO 
with CI and previous TIA versus those without previous 
TIA. Furthermore, mild cognitive impairment is a fre-
quent finding in patients with lacunar stroke with asso-

ciated MRI subcortical hyperintensities  [24] , and we 
have also reported the association between cognitive 
function and white matter disease in patients with se-
vere steno-occlusive disease of a main cerebral artery 
 [21] . In future research, we would like to compare cog-
nitive function between patients with severe steno-oc-
clusive disease of a main cerebral artery versus patients 
with small vessel cerebrovascular disease and its rela-
tionship to white matter disease in the setting of each 
function.
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