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Background: Internal carotid artery (ICA) hypoplasia (ICAH) is rare. The classification
of ICAH is largely unclear. The aim of the study is to propose a new imaging classifica-
tion for ICAH based on the occlusion of the distal ophthalmic segment and discuss the
clinical and radiological differences between the different types. Materials and Methods:
This was a retrospective study of patients with congenital ICAH diagnosed at the
Department of Neurology of the China-Japan Friendship Hospital between June 2011
and June 2016. The patients underwent temporal bone computed tomography (CT),
brain CT, cranial magnetic resonance imaging, transcranial Doppler, and head and
neck CT angiography. Results: A total of 20 ICAH patients were divided into the distal
occlusion (12 cases; 60%) and nondistal occlusion (8 cases; 40%) types based on
whether the distal ophthalmic segment was occluded. The frequencies of collateral cir-
culation from the circle of Willis (P= .01) and dilated cerebrovascular lesions (P= .001)
in the distal occlusion type was higher than in the nondistal occlusion type. Five (25%)
patients developed adverse cerebrovascular events during followup: 3 ischemic cases
were of the nondistal occlusion type, and 2 cases with subarachnoid hemorrhage were
of the distal occlusion type. Conclusions: A novel classification of ICAH was revealed
based on the occlusion of the distal ophthalmic segment. The 2 types may show differ-
ences in collateral circulation patterns, coexisting cerebrovascular abnormalities, and
potential clinical outcomes.
Key Words: Internal carotid artery hypoplasia—bony carotid canal—collateral
circulation—posterior communicating artery—intracranial aneurysm
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Introduction

Internal carotid artery hypoplasia (ICAH) is a rare con-
genital vascular anomaly that occurs in less than .01% of
the world population.1-3 Agenesis or aplasia of the inter-
nal carotid artery (ICA) signifies the complete absence of
the ICA, whereas in ICAH, development is incomplete
and is accompanied by hypoplasia of the ipsilateral bony
carotid canal (BCC). Most patients with ICAH are asymp-
tomatic owing to sufficient collateral circulations and they
are usually diagnosed incidentally during angiographic
examinations. Nevertheless, some ICAH patients are
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often misdiagnosed with other diseases such as carotid
dissection, fibromuscular dysplasia, and severe athero-
sclerotic stenosis owing to similarities in radiological find-
ings4,5 and improper management is performed. So the
imaging features of ICAH should be clearly distinguished
for an accurate differential diagnosis.
ICAH is usually associated with other abnormalities,

and the aneurysm is the most common associated condi-
tion.6-9 Previous studies have confirmed that the fre-
quency of intracranial aneurysm in patients with ICAH is
significantly higher than in the general population.6-8

Nevertheless, the association between ICAH and ischemic
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stroke has not yet been clarified.4 Previous studies, which
are mainly clinical case reports, display the variously
associated anomalies and complex cerebrovascular collat-
eral circulation patterns.6-15 The imaging classification of
ICAH remains unclear because of the low rate of detec-
tion. The early diagnosis and precise classification of
ICAH may bring potential benefits in preventing the
occurrence of cerebrovascular adverse events.
The aim of this study was to explore an imaging classifi-

cation of ICAH based on the radiological characteristics,
and investigate the collateral circulation patterns, coexist-
ing cerebrovascular abnormalities and potential clinical
outcomes from different imaging types.
Materials and Methods

Study Design and Patients

This was a retrospective study of patients with congeni-
tal ICAH from a registry of consecutively enrolled
patients with ICA lesions diagnosed at the Department of
Neurology of the China-Japan Friendship Hospital
between June 2011 and June 2016. The patients had to
have undergone the following imaging: temporal bone
computed tomography (CT), brain CT, cranial magnetic
resonance imaging (MRI), transcranial Doppler, and head
and neck CT angiography (CTA).
Imaging and Analysis

The temporal bone CT was performed to observe the
structure and morphology of the BCC. Brain CT and cra-
nial MRI were performed to observe whether theses
patient had stroke. Transcranial Doppler, head and neck
CTA were performed to observe the intracranial and
extracranial vascular conditions and evaluate the collat-
eral circulation. Some patients further received digital
subtraction angiography to determine the types of collat-
eral circulation more clearly.
Temporal bone CT, brain CT, and head and neck CTA

were performed using a 256-slice (Brilliance iCT, Philips,
Best, the Netherlands) or 320-slice CT scanner (Aquilion
ONE, Toshiba, Tokyo, Japan). Cranial MRI was performed
using a 1.5-T (Signa 1.5T Excite HD, GE Healthcare, Wau-
kesha, WI) or a 3.0-T MRI scanner (Ingenia 3.0T, Philips,
Best, Netherlands). Transcranial Doppler was performed
using an EMS-9U instrument (Delicasz, Shenzhen, China).
Digital subtraction angiography was conducted using an
angiography system (Allura Xper FD20, Philips, Best,
Netherlands). Imaging data stored in the Picture Archiving
and Communication Systems (Neurosoft 3.0, Shenyang,
China) were reviewed and analyzed by 2 experienced neu-
roradiologists together.
The diagnosis of ICAH was primarily based on the

presence of ICA narrowing on angiographic imaging and
ipsilateral small BCC on temporal bone CT 3. The imaging
findings were evaluated as follows: (1) morphology and
diameter of hypoplastic ICA and structure of intracranial
segment of the hypoplastic ICA; (2) morphology and
diameter of diminutive BCC; (3) collateral circulation pat-
terns of the ipsilateral anterior circulation (AC); (4) abnor-
malities of other cerebral vessels; and (5) ischemia or
infarction in the ipsilateral AC. The distal ophthalmic seg-
ment was observed for occlusion, as well as the presence
of collaterals and the circle of Willis. Patients with
enlargement of cerebrovascular beyond the average diam-
eter cerebrovascular vessels or intracranial aneurysm
were considered as dilated cerebrovascular lesions.

Follow-up

All enrolled patients underwent regular outpatient
follow-up for at least 1 year. Adverse clinical events (cere-
brovascular events including transient ischemic attack,
cerebral infarction, cerebral hemorrhage, subarachnoid
hemorrhage (SAH), myocardial infarction, and all-cause
mortality) were recorded.

Statistical Analysis

All statistical analyses were performed using SPSS 17.0
(IBM, Armonk, NY). All continuous variables were
expressed as means § standard deviation and tested
using the independent sample’s t test after Kolmogorov-
Smirnov tests. Categorical variables were presented as
count and percentage, and tested using the chi-square or
Fisher’s exact test, if appropriate. A 2-sided P value less
than .05 was considered statistically significant.

Results

Imaging Features and Classification of ICAH

Twenty patients were included (51.6 § 14.2 years of age;
60% male). A total of 24 hypoplastic ICAs were discovered
including 4 patients with bilateral ICAH. The mean diame-
ter was 1.6 mm (range, 1.4-1.9 mm). The diminutive ICAs
in all patients were accompanied by evenly narrowed ipsi-
lateral BCCs, with an average diameter of 1.8 mm (range,
1.5-2.0 mm). The multiplanar reformation of CTA clearly
demonstrated the presence of hypoplastic ICA and BCC.
The angiographic images showed that all hypoplastic

ICAs presented luminal narrowing from the distal end of
the carotid sinus to the ophthalmic artery level, with a
normal carotid sinus, followed by either continual nar-
rowing or occlusion distally. ICAH was divided into 2
types based on the occlusion of the distal ophthalmic seg-
ment: distal occlusion type (12 cases; 60%) and nondistal
occlusion type (8 cases; 40%) (Fig 1), and there was no
other transitional pattern. All 4 patients with bilateral
ICAH were with occlusion in the distal ophthalmic seg-
ment. No significant difference was observed between the
2 types regarding gender, age, symptoms, ICA diameter,
BCC diameter, other abnormalities, ischemia, and adverse
clinical events (Table 1).



Figure 1. Two types of internal carotid artery (ICA) hypoplasia based on the distal ophthalmic occlusion. (A) A lateral digital subtraction angiography (DSA)
shows a hypoplastic ICA terminating to the ophthalmic artery level, followed by complete occlusion distally, which is the distal occlusion type. (B) A lateral DSA
shows a hypoplastic ICA from the distal carotid sinus to the terminal segment, which is the nondistal occlusion type. Lateral DSA also shows the carotid sinus
was not involved (white arrows).

Table 1. Characteristics of the patients according to the presence of occlusion in the distal ophthalmic segment

All (n = 20) Distal occlusion (n = 12) Nondistal occlusion (n = 8) P value

Age (mean § SD years) 51.6 § 14.2 55.3 § 12.4 49.5 § 15.2 .944

Gender (male) 12 (60%) 7 (58.3%) 5 (62.5%) >.99

Asymptomatic 19 (95%) 12 (100%) 7 (87.5%) .834

ICA diameter (mean § SD, mm) 1.6 § .2 1.6 § .3 1.6 § .2 .54

BCC diameter (mean § SD, mm) 1.8 § .2 1.7 § .2 1.8 § .2 .318

Collateral circulation from the circle of Willis 13 (65%) 11 (91.7%) 2 (25%) .01

Dilated cerebrovascular lesions 13 (65%) 12 (100%) 1 (12.5%) .001

Ischemia or infarction in ipsilateral AC 7 (35%) 4 (33.3%) 3 (37.5%) >.99

Other associated abnormalities 10 (50%) 6 (50%) 4 (50%) >.99

Adverse clinical events 5 (25%) 3 (25%) 2 (25%) >.99

Abbreviations: AC, anterior circulation; BCC, bony carotid canal; ICA, internal carotid artery; SD, standard deviation.
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Collateral Circulation Patterns

In the patients with the distal occlusion type, 11 patients
(91.7%) showed the collateral contribution to the affected
AC via the ipsilateral posterior communicating artery
(PcomA). Of these, 9 patients also showed anastomoses of
the distal leptomeningeal arteries between the ipsilateral
posterior cerebral artery (PCA) and the middle cerebral
artery (MCA) (Fig 2). One patient presented with interca-
vernous anastomosis. The collateral circulation patterns
in the nondistal occlusion type were multiform (Table 2).
The frequency of collateral circulation from the circle of
Willis was observed less frequently than that in the distal
occlusion type (25% versus 91.7%, P = .01) (Table 1).

Coexisting Cerebrovascular Abnormalities

Thirteen (65%) patients presented with PcomA structural
changes, mainly arterial tortuosity, extension, and dilation
(Fig 3). Among them, 3 (15%) patients developed PcomA
aneurysm, 2 (10%) showed dilation of the ipsilateral PCA,
and 4 (20%) showed dilation of the bilateral vertebral arter-
ies (these patients had bilateral ICAH). The frequency of
dilated cerebrovascular lesions in the distal occlusion type
was significantly higher than that in the nondistal occlusion
type (100% versus 12.5%, P= .001) (Table 1).
Furthermore, other cerebrovascular abnormalities were

found in 10 (50%) patients: 4 (20%) with hypoplasia of the
bilateral MCA and anterior cerebral artery (ACA), 2 (10%)
with vertebrobasilar hypoplasia, 2 (10%) with contralat-
eral fetal PCA, 1 (5%) with vertebrobasilar dolichoectasia,
and 1 (5%) with an aberrant vertebral artery.
Ischemia or Infarction in Ipsilateral AC

Cranial MRI showed that 7 (35%) patients had ischemic
lesions in the ipsilateral AC. These lesions manifested as



Figure 2. Collateral circulation patterns in the distal occlusion type. (A) The multiplanar reformation of computed tomography angiography (CTA) clearly
shows the hypoplastic internal carotid artery hypoplasia (ICA) and bony carotid canal (double black arrows). (B) Lateral digital subtraction angiography (DSA)
reveals the occlusion of the distal ophthalmic segment, (C-D) collateral channels from the opening of the ipsilateral posterior communicating artery (PcomA), and
anastomoses of the distal leptomeningeal arteries between the ipsilateral posterior cerebral artery and middle cerebral artery.

Table 2. Collateral circulation patterns and prognosis in patients

Number Sex/Age Distal ophthalmic

occlusion

Right/Left Collateral circulation patterns Prognosis Follow-up

time (months)

1 M/75 No Right Pcom A +Acom A Well 15

2 F/33 No Left PCA-MCA +ACA-MCA + ICA-ECA Well 12

3 M/57 No Right Acom A +ACA-MCA +Moya Well 14

4 M/60 No Left PCA-MCA +Moya CI 16

5 F/52 No Left ACA-MCA + PCA-MCA TIA 26

6 M/48 No Right ACA-MCA + PCA-MCA Well 12

7 M/62 No Left PCA-MCA + retemirable CI 13

8 F/50 No Left ACA-MCA + PCA-MCA + ICA-ECA Well 14

9 F/73 Yes Bilateral Pcom A+ PCA-MCA Well 14

10 M/36 Yes Bilateral Pcom A + PCA-MCA Well 12

11 M/30 Yes Bilateral Pcom A + PCA-MCA Well 15

12 M/60 Yes Bilateral Pcom A + PCA-MCA SAH 18

13 F/28 Yes Left Pcom A + PCA-MCA Well 16

14 F/67 Yes Left Pcom A + PCA-MCA SAH 14

15 M/55 Yes Left Pcom A + PCA-MCA Well 20

16 M/48 Yes Right Pcom A + PCA-MCA Well 21

17 F/52 Yes Right Pcom A + PCA-MCA Well 14

18 F/62 Yes Right Pcom A Well 14

19 M/39 Yes Left Pcom A Well 16

20 M/42 Yes Left Intercavernous anastomosis Well 12

Abbreviations: ACA-MCA, anastomosis between ACA and MCA; AcomA, anterior communicating artery; CI, cerebral infarction;ICA-

ECA, anastomosis between ICA and external carotid artery; Moya, moyamoya-like collateral vessels; PCA-MCA, anastomosis between

PCA and MCA; PcomA, posterior communicating artery; TIA, transient ischemic attack; SAH, subarachnoid hemorrhage; Well, no adverse

clinical events.
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old lacunar infarctions (n = 3, 15%) or ischemic lesions
(n = 4, 20%) sporadically distributed in the cerebral cortex
or subcortical white matter. DWI did not detect any
abnormal fresh infarction.
Follow-up

The median follow-up was 15 months (range, 12-26
months). Five of 20 (25%) patients developed adverse
cerebrovascular events during follow-up: 3 (15%) with
cerebral ischemic events in the ipsilateral AC, including 1
case of TIA and 2 cases of new cerebral infarction; and 2
(10%) with SAH. Based on the imaging data, ischemic
patients were of the nondistal occlusion type, while 2
patients with SAH secondary to rupture of PcomA aneu-
rysm were of the distal occlusion type. Moreover, these
ischemic patients had no collateral circulation via the cir-
cle of Willis (Table 2), and CT perfusion showed deficient
cerebral blood flow in the affected AC.
Discussion

ICAH is rare and its clinical and imaging characteristics
and classification system have not yet been clarified.



Figure 3. Two cases of hemodynamic posterior communicating artery (PcomA) structural changes. Case-1, 55-year-old man (A-B). (A) The head and neck com-
puted tomography angiography (CTA) shows internal carotid artery hypoplasia (ICAH) on the left side and ipsilateral bony carotid canal (BCC) hypoplasia, (B)
collateral channel to left anterior circulation (AC) through ipsilateral PcomA, and structural changes of left PcomA including tortuosity, extension, and dilation
(white arrows). Case-2, 60-year-old man (C-D). (C) The posteroanterior digital subtraction angiography (DSA) reveals right ICAH, collateral channels to bilat-
eral ACs via bilateral posterior communicating arteries, and tortuosity with expansion of vertebrobasilar artery diagnosed as vertebrobasilar dolichoectasia. (D)
The lateral DSA further identifies aneurysmal formation of PcomA (black arrow).
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Therefore, the present study aimed to propose a new
imaging classification for ICAH based on the occlusion of
the distal ophthalmic segment and discuss the difference
in collateral circulation patterns, coexisting cerebrovascu-
lar abnormalities and potential clinical outcomes, which
will have to be confirmed.
ICAH is commonly seen unilaterally, and the bilateral

occurrence is even rarer.5,6,16,17 The primordial ICA forms
gradually during the first 3-4 weeks of embryonic devel-
opment and the BCC develops from the embryonic pri-
mordium of the ICA during 5-6 weeks.7 Therefore, the
imagine diagnosis of ICAH primarily focuses on 2
aspects: ICA narrowing revealed by angiographic imag-
ing and ipsilateral BCC hypoplasia confirmed by tempo-
ral bone CT.3 Compared with the other examinations, our
study showed that head and neck CTA not only revealed
the structure of the entire ICA and abnormalities of other
cerebral arteries, but also allows visualization of the mor-
phology and diameter of the BCC through the multipla-
nar reformation of CTA.
In our study, the featured angiographic imaging of

ICAH showed luminal narrowing of the affected ICA
from the distal end of the carotid sinus. This phenomenon
can also be observed in distal hypoperfusion owing to dis-
section or severe atherosclerotic stenosis of the initial seg-
ment of the ICA or carotid fibromuscular dysplasia.4,5 In
addition to the specific imaging of these diseases, such as
the double-lumen sign or string-of-beads sign, hypoplasia
of the ipsilateral BCC is a key factor for differential diag-
nosis.7 In this study, CTA confirmed that all hypoplastic
ICAs were accompanied by the narrowing of BCCs
(within 2 mm). Interestingly, we found that the diameter
of carotid sinus in patients with ICAH was normal. In
2006, Yasaka et al reported that this sign can occur in
moyamoya disease, and which was firstly called “cham-
pagne bottle neck sign.”18 Although this sign has been as
a characteristic feature of Moyamoya disease,18,19 this
imaging finding is not unique to moyamoya disease, and
can also be seen in patients with moyamoya syndrome.20

Due to the rare and special morphological feature, we
think that it also should be as a relatively specific radio-
logic feature for ICAH. The underlying pathophysiologic
mechanisms of this sign are not clear, but for ICAH, it
may be related to embryonic development and the differ-
ence of anatomical structures between the carotid sinus
and the distal ICA.
Furthermore, the imaging data in this series revealed 2

courses of hypoplastic ICAs: either continuing intracrani-
ally or becoming occluded in the distal ophthalmic seg-
ment, no other transitional pattern. Consequently, ICAH
patients were categorized as the distal occlusion type and
the nondistal occlusion type. In terms of embryology, the
carotid artery develops from different embryological arte-
rial segment branches and abnormalities in any branch
may lead to structural changes in the ICA.21 Thus, we
speculate that patients in the distal occlusion type might
suffer from developmental arrest of embryonic branches
forming the terminal segment of ICA due to either endog-
enous or exogenous factors.
Theoretically, hypoperfusion should be inevitable in the

ipsilateral AC for patients with ICAH, but most patients have
no symptoms due to effective collateral flows.7,10 Lie22

reported 6 typical pathways of collateral circulation in associ-
ation with ICA absence. Nonetheless, ICAH was only men-
tioned as follows: “Type E: Bilateral hypoplastic ICAs
supplying ACAs, and the MCAs are supplied by enlarged
PcomAs.” In the present study, we found that each patient
had a certain degree of collateral circulation, and the fre-
quency of collateral supply via the circle of Willis in the distal
occlusion type was higher than that in the nondistal occlusion
type. The circle of Willis is formed when the embryo size is
7-24 mm. If the blood flow from ICA is blocked before
complete development of the circle of Willis, anastomotic
channels develop mainly through primitive embryonal
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anastomoses such as supracavernous anastomosis, interca-
vernous anastomosis, or supraclinoid-supraclinoid anasto-
mosis.11-14 Conversely, if the blood flow is blocked after the
formation of the circle ofWillis, collateral circulation develops
mainly from the circle of Willis.23,24 In this study, the collat-
eral circulation in the distal occlusion type was established
via the PcomA from the circle of Willis. Thus, we inferred
that these patients might experience abnormal blood supply
of the ICA after the formation of the circle of Willis. Further-
more, the reason for opening the PcomA rather than the ante-
rior communicating artery may be partially associated with
the timing of the development of the anterior communicating
artery and PcomA during embryonic growth.25

Interestingly, this study also found that patients in the
nondistal occlusion type showed multiform collateral chan-
nels, and overlapping occurred at all levels of collateral cir-
culations. Such phenomena might be due to both congenital
and acquired factors. Moreover, secondary and tertiary col-
lateral circulation patterns were frequently observed, which
might be attributed to the partial blood supply from the ipsi-
lateral ICA in the nondistal occlusion type compared with
the distal occlusion type. Although this collateral blood sup-
ply may be sufficient during the embryonic stage, brain
development and oxygen consumption increase occur after
birth, and the carotid blood supply becomes insufficient and
other collateral circulation pathways are needed to establish
an adequate blood supply.23

ICAH is often associated with dilated abnormalities of
other cerebral vessels.6-9 Accordingly, the present study
showed a significantly different frequency of arterial
dilated lesions between the 2 types after the imaging clas-
sification, which might be associated with different collat-
eral circulation patterns. Compared with the nondistal
occlusion type, the blood supply of the ipsilateral AC was
primarily from the posterior circulation via the PcomA.
This high-flow collateral pathway inevitably affects the
hemodynamics of the posterior circulation, thereby lead-
ing to abnormal enlargement or tortuosity of the vertebro-
basilar system, and causing aneurysmal formation as
well. Dilated lesions of the PcomA are the most common
abnormalities. The PcomA is a crucial structure for bridg-
ing the AC and posterior circulation. Nevertheless, the
PcomA varies in diameter from the ICA to the PCA. Thus,
the passage of blood through the PcomA gives rise to a
pressure gradient. After the ipsilateral ICA is occluded,
the local blood flow and flow velocity of the PcomA
increase significantly, and the stress placed on the PcomA
increases dramatically. Vascular wall elasticity decreases
continuously with an increase in stress, leading to enlarge-
ment of the PcomA.7,8 Other studies suggested that
the malformed remodeling of congenital embryonic ves-
sels might also play a role in arterial dilation.11,13,21

The present study found that 4 patients with bilateral
ICAH also displayed dilated bilateral vertebral arteries, in
addition to the dilated lesions of the PcomA. Since their col-
lateral compensatory supply in bilateral ACs is mainly
supplied by the posterior circulation, only opening or
enlarging the PcomA alone may be insufficient for improv-
ing the anterior blood supply. The lumen of the bilateral ver-
tebral arteries undergoes gradual remodeling under the
impact of blood flow, which leads to adequate compensa-
tion by the dilatation of the vertebral artery lumen.
Intriguingly, in addition to dilated lesions, ICAH is also

accompanied by other anomalies of cerebral vessels such
as hypoplasia or dysplasia of ACA, MCA, or vertebroba-
silar artery,4,6,26,27 primitive trigeminal artery,27 “rete mir-
abile” aneurysm,28 and abnormality or deformity of the
aorta and aortic arch.15,27 In this study, 50% of patients
presented with other abnormal cerebrovascular struc-
tures, and hypoplasia was frequently observed.
In the early phase of ICAH, most patients are asymp-

tomatic or present only nonspecific symptoms, and ICAH
is often detected only incidentally.7,11,29 Only a few
patients show definite symptoms that are caused by aneu-
rysmal SAH or compression of adjacent structures by
abnormally enlarged vessels.8,11,30 Furthermore, only a
few studies have reported the natural history of ICAH
and its relationship with ischemic stroke has yet to be elu-
cidated.4,31 In this study, 25% of patients developed end-
point cerebrovascular events during follow-up and
patients from different types experienced different events.
For 3 patients displayed ICAH of the nondistal occlusion
type and suffered from ischemic cerebrovascular events,
no collateral circulation via the circle of Willis was found.
Previous studies have suggested a significant correlation
between an incomplete circle of Willis and ischemic
stroke.32,33 Those 3 patients showed cerebral blood flow
perfusion defects in the ipsilateral AC. Thus, the etiology
of ischemic events was thought to be due to the insuffi-
cient collateral circulation resulting in distal hypoperfu-
sion of the ipsilateral AC.
No ischemic events were encountered during follow-up

in the distal occlusion type, which might be associated
with a relatively sufficient blood supply from the PcomA.
In addition, expansion of arteries from the posterior circu-
lation was observed in some patients, which further
improved the perfusion of the AC. Nevertheless, these
collateral circulations caused hemodynamic changes,
which led to tortuosity and dilation of collateral arteries,
thereby resulting in aneurysms.8,10 In this study, 2
patients with SAH suffered from hemodynamics-related
rupture of the PcomA aneurysm.
The present study has limitations. The number of patients

is small owing to the rarity of ICAH, and we only divide
into 2 types according to the characteristics of our own cases.
We do not rule out that as the gradual expansion of number
of cases collected, there may be other types or more accurate
classification or update one based on our classification. Sec-
ondly, no treatment data are available. Finally, much study
is still necessary to determine the natural history of ICAH,
but this might be a difficult point to examine since ICAH
development occurs during fetal development.
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Our study suggested a novel classification of ICAH
based on the occlusion of the distal ophthalmic segment
(distal occlusion type and nondistal occlusion type). The 2
types may show different collateral circulation patterns,
coexisting cerebrovascular abnormalities and potential
clinical outcomes, which requires to be confirmed.
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