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Abstract: The quality of collateral circulation affects the severity and

prognosis of stroke patients. The effect of the circle of Willis, which is

the primary collateral circulation, on ischemic stroke has attracted

significant attention. This study was designed to investigate the effect

of different circles of Willis types on stroke severity and prognosis in

patients with noncardiac stroke.

A total of 376 patients with noncardiac ischemic stroke, who were

treated by the specialty team of cerebrovascular diseases at the First

Affiliated Hospital of Sun Yat-sen Hospital, were successively enrolled

in this study. The detailed clinical characteristics of the patients were

recorded upon admission, including risk factors of vascular disease and

National Institutes of Health Stroke Scale (NIHSS) scores. The patients

were divided into groups of different circles of Willis types based on

magnetic resonance angiography (MRA) that was performed within 3

days of admission—type I: complete circle of Willis; type II: complete

anterior half of the circle of Willis and incomplete posterior half of the

circle of Willis; type III: incomplete anterior half of the circle of Willis

and complete posterior half of the circle of Willis; and type IV:

incomplete anterior and posterior halves of the circle of Willis. Patients

were re-evaluated for NIHSS scores at discharge and after discharge.

The modified Rankin score (mRS) was recorded for 90 days, and stroke

recurrence and death after 90 days were also recorded until the end of

the study.
i, MBs, Jing Lin, M ng, MD,
d Yu-hua Fan, MD, PhD

(15.2%). NIHSS scores at admission and discharge were significantly

lower for the type I group compared with those for the type II and type

IV groups (P< 0.05). NIHSS scores were higher in the groups with an

incomplete circle of Willis compared with the group with a complete

circle of Willis. A poor recovery rate was highest for the type IV group,

whereas a good recovery rate was highest for the type I group. The

logistic regression analysis showed that a complete circle of Willis was

one of the predictors of suitable recovery (odds ratio [OR]¼ 0.708, 95%

confidence interval [CI]: 0.554–0.906).

Circle of Willis type was associated with stroke severity and patient

prognosis, whereas an incomplete circle of Willis was associated with

more severe conditions and a higher 90-day poor diagnosis rate. A

complete circle of Willis was an independent predictor of good

prognosis.

(Medicine 95(10):e2892)

Abbreviations: 3D-TOF = 3-dimensional time-of-flight, AcoA =

anterior communicating artery, BA = basilar artery, CHOL =

cholesterol, CI = confidential interval, Cr = serum creatinine, CT =

computed tomography, CTA = computed tomography angiography,

ECG = electrocardiography, Glu = fasting blood glucose, HbAlc =

glycosylated hemoglobin, HDL-c = high-density lipoprotein, ICA

= internal carotid artery, LDL-c = low-density lipoprotein, MRA =

magnetic resonance angiography, MRI = magnetic resonance

imaging, mRS = modified Rankin score, NASCET = North

American Symptomatic Carotid Endarterectomy Trial, NIHSS =

National Institutes of Health Stroke Scale, OR = odds ratio, PcoA =

posterior communicating artery, TG = triglyceride, UA = uric acid.

INTRODUCTION

T he collateral circulation of cerebral arteries is closely
associated with the occurrence, development, and outcome

of acute cerebral infarction. Studies have shown that1 accep-
table intracranial collateral circulation effectively reduced the
risk of cerebral infarction and that the rapid establishment of
collateral circulation after cerebral artery occlusion may sig-
nificantly reduce the extent of damage to brain function and
structure. Multiple collateral circulation pathways exist for
cerebral arteries, and the circle of Willis, which is the primary
collateral circulation of cerebral arteries, is one of the most
important intracranial collateral circulation compensatory path-
way, followed by the ophthalmic artery, leptomeningeal
vessels, and anastomosis among the perforating arteries of
cortical arteries. Compensatory pathways, such as the ophthal-
mic artery and the leptomeningeal artery, will not be a factor
unless a compensatory dysfunction of the circle of Willis is
present.2,3 The compensatory capacity of the circle of Willis,
ranial collateral circulation pathway, is
nce of its constituent vessels4,5 and the
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The circle of Willis is closely associated with the occur-
rence of acute cerebral infarction. As early as the 1960 s, Alpers
and Berry discovered via autopsy that the rate of dysplasia of the
circle of Willis was significantly higher in brains with signs of
cerebral infarction (194 cases) than in normal brains (350
cases).8 However, Battacharji et al9 reported that the circle
of Willis was closely associated with cerebral infarction for
patients with severe stenosis of the internal carotid artery or
vertebral-basilar artery. Studies of the relationship between the
circle of Willis and cerebral ischemia4,10–13 tended to enroll
patients with severe stenosis or occlusion of the internal carotid
artery. Henderson and Eliasziw conducted a study of cases in
the North American Symptomatic Carotid Endarterectomy
Trial (NASCET) and discovered that the incidence of hemi-
spheric cerebral infarction or transient cerebral ischemic attack
was significantly reduced during the perioperative or long-term
follow-up period for patients with> 70% stenosis of the internal
carotid artery if the normal constituent vessels of the circle of
Willis were present.12 However, additional research revealed
that the relationship between the circle of Willis and ischemic
stroke was extended beyond cases of severe stenosis (or occlu-
sion) of the internal carotid artery. Hoksbergen et al2 conducted
a case-control study and determined that the nonfunctional rate
of the anterior communicating artery (AcoA) and posterior
communicating artery (PcoA) was significantly higher in the
cerebral infarction group than in the noncerebral infarction
group when stenosis of the internal carotid artery was excluded
as a factor and the incidence of an incomplete circle of Willis
(hypoplasia or absence of the constitute vessels of the circle of
Willis) was significant in patients with anterior circulation
infarction. Miyazawa et al performed a logistic regression
analysis and determined that the incidence of cerebral infarction
was significant and that the number of lacunar infarctions
significantly increased for patients with an incomplete anterior
half of the circle of Willis.14

The majority of previous studies focused on patients with
stenosis of the internal carotid artery, and reports on the general
population are relatively scarce. Studies of the features of the
circle of Willis and the severity of cerebral infarction and
treatment outcome were frequently incomprehensive and only
focused on certain features of the circle of Willis (e.g., A1
segment hypoplasia and poor development of PCoA) or patients
with a certain limited condition (e.g., patients after intravenous
thrombolysis), which affected the applicability of research
findings. This study was designed to analyze the relationship
between different circle of Willis types and the severity of
cerebral infarction and treatment outcomes in patients with
initial acute noncardiac cerebral infarction.

MATERIALS AND METHODS
The study was approved by ethics committee of First

Affiliated Hospital of SunYat-sen University. All patients or
their legal representatives gave written informed consent before
being included in this study.

Collection of Clinical Data
A total of 376 patients with acute noncardiac cerebral

infarction, who were treated at the Department of Neurology,
were successively enrolled in this study. All patients were

Zhou et al
observed by a neurology specialist, and general clinical data,
such as gender, age, current medical history, family history,
smoking and drinking, were collected. The patients received a
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thorough physical examination of their nervous systems. At
admission, all patients were rated using the National Institutes
of Health Stroke Scale (NIHSS).15 The inclusion criteria were
as follows: (1) age 18 to 80; (2) time from onset to admission�
7 days; (3) acute cerebral infarction diagnosed with head
computed tomography (CT) and/or magnetic resonance ima-
ging (MRI); (4) initial clinical onset; and (5) ability to
cooperate with various examinations after admission, such
as head MRI þ magnetic resonance angiography (MRA),
electrocardiography (ECG), echocardiography, Doppler vas-
cular ultrasonography of the neck, chest x-ray, and laboratory
tests. The exclusion criteria were as follows: (1) age< 18 or>
80; (2) time from onset to admission > 7 days; (3) cardiac
cerebral embolism; (4) received intravenous thrombolysis,
arterial thrombolysis, or stent; (5) previous history of cerebral
infarction or cerebral hemorrhage; and (6) intracranial lesions,
such as intracranial tumors, arteriovenous malformations,
hydrocephalus, venous sinus thrombosis, multiple sclerosis,
and congenital abnormalities.

Collection of MRI Data
All enrolled patients underwent a plain head MRI scan,

diffusion-weighted imaging (DWI), and 3-dimensional time-of-
flight (3D-TOF) MRA within 72 hours of admission. A 3.0 T
superconductive MRI scanner (gradient field: 45 mT/m) and a
16-channel array head coil were used. Routine MRI sequences
included axial T1-FLAIR, T2WI, and T2-FIAIR, and sagittal or
coronal T2WI. Two radiologists with extensive experience in
neuroimaging and diagnosis conducted a blinded and indepen-
dent evaluation of all MRI images. In the case of discrepancy,
the 2 radiologists discussed the images to obtain a diagnosis.
The MRI images were primarily analyzed for the presence of
the constituent vessels of the circle of Willis. According to the
criteria outlined in the literature,6 if the start and end points of a
vessel are present on the 3D-TOF source image, then the vessel
is determined to be ‘‘present.’’ A vessel is defined as ‘‘normal’’
if the vessel diameter � 0.8 mm or is indicative of dysplasia if
the vessel diameter < 0.8 mm.

Criteria for the type of the circle of Willis are as follows:
the typical circle of Willis is anatomically divided into the
anterior half and the posterior half, in which the anterior half
consists of ACoA, bilateral A1 segments, and bilateral terminal
segments of the internal carotid artery (ICA) and the posterior
half consists of bilateral PCoAs, bilateral P1 segments, and the
basilar artery (BA). Based on the classification method of the
Chinese researcher Zhang,16 the classification criteria of Hart-
kamp et al,17 and the actual clinical practice of this study, we
classified 4 circles of Willis types—type I: complete circle of
Willis-presence and no dysplasia of the constituent vessels of
the circle of Willis (Figure 1A); type II: complete anterior half
and incomplete posterior half of the circle of Willis-presence
and no dysplasia of the constituent vessels of the anterior half of
the circle of Willis (Figure 1B), and absence or dysplasia of at
least 1 vessel of the posterior half of the circle of Willis; type III:
incomplete anterior half and complete posterior half of the
circle of Willis-absence or dysplasia of at least 1 vessel of the
anterior half of the circle of Willis, and presence and no
dysplasia of the constitute vessels of the posterior half of the
circle of Willis (Figure 1C); and type IV: incomplete anterior
and posterior halves of the circle of Willis-absence or dysplasia
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of at least 1 vessel of the anterior half of the circle of Willis, and
absence or dysplasia of at least 1 vessel of the posterior half of
the circle of Willis (Figure 1D).

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



FIGURE 1. The samples of different types of circle of Willis on MRA. A shows type I circle: complete circle of Willis; B shows type II circle:
complete anterior half and incomplete posterior half of the circle of Willis; C shows type III circle: incomplete anterior half and complete

e: i
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Measurement of the Severity of Cerebral
Infarction

In this study, NIHSS scores were used to assess the severity
of neurological impairments in patients with acute cerebral
infarction.15

Treatment Outcome and Follow-up
All patients received standard treatment as outlined in the

guidelines.18 NIHSS scores were assessed at discharge, and the
patients received follow-up for 90 days to obtain modified Rankin
scores (mRSs). The patients continued receiving follow-up exams
for 2 to 3 years to record information about stroke recurrence
(including ischemic and hemorrhagic stroke) and death.

Collection of Laboratory Data
Venous blood samples were collected from all patients on

the next morning after admission; the samples were sent to the
Department of Clinical Laboratory Testing of our hospital for
routine blood tests and blood chemistry and glycosylated
hemoglobin (HbAlc) analysis. The blood chemistry analysis
included the assessment of total cholesterol (CHOL), triglycer-
ide (TG), low-density lipoprotein (LDL-c), high-density lipo-
protein (HDL-c), fasting blood glucose (GLu), serum creatinine

posterior half of the circle of Willis; and D shows type IV circl
MRA¼magnetic resonance angiography.
(Cr), and uric acid (UA). All patients underwent routine 12-lead
ECG, echocardiography, Doppler vascular ultrasonography of
the neck, and chest x-rays within 72 hours of admission.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
Statistical Analysis
IBM SPSS 20.0 for windows was used to analyze all data.

Measurement data are expressed as x� s. A t test was performed
to compare the mean values between 2 groups; a univariate
analysis of variance was performed to compare the mean values
of multiple groups; the Bonferroni method was used for the
pairwise comparison of the baseline data; and the least-signifi-
cant difference (LSD) method was used for a pairwise com-
parison of the NIHSS scores. A x2 test was performed to
compare the count data, and an R�C contingency table x2

test was performed to analyze multirow and multicolumn count
data, where P< 0.05 was considered to be statistically signifi-
cant. A logistic regression method was used for the
multivariate analysis.

RESULTS
A total of 376 patients were enrolled in this study, including

254 men and 122 women, whose ages ranged from 29 to 80
(mean: 62.7� 12.4 years). The patients were divided into 4
groups based on circle of Willis type—type I: 92 patients
(24.5%), including 68 men and 24 women, with a mean age of
58.3� 13.2 years; type II: 215 patients (57.2%), including 140
men and 75 women, with a mean age of 64.0� 11.7 years; type

ncomplete anterior and posterior halves of the circle of Willis.
III: 12 patients (3.2%), including 8 men and 4 women, with a
mean age of 66.8� 7.6 years; and type IV: 57 patients (15.2%),
with 38 men and 19 women, with a mean age of 63.8� 13.1 years.
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TABLE 1. Clinical Characteristics Among Patients With Different Types of Circles of Willis

Groups Type I (n¼ 92) Type II (n¼ 215) Type III (n¼ 12) Type IV (n¼ 57) Statistics P

Age, y 58.3� 13.2^! 64.0� 11.7^ 66.8� 7.6 63.8� 13.1! F¼ 5.494 0.001
Male 68 140 8 38 x2¼ 2.305 0.512
Smoking 43 102 7 25 x2¼ 0.863 0.834
Alcohol consumption 21 44 3 14 x2¼ 0.608 0.895
Hypertension 57 163 9 47 x2¼ 9.223 0.026
Diabetes 22 60 8 19 x2¼ 10.072 0.018
Cr, mmol/L 87.92� 44.31 86.47� 74.50 96.92� 39.00 82.28� 42.06 F¼ 0.209 0.890
HbAlc, mmol/L 6045� 1.42 6.41� 1.40 7.14� 1.46 6.88� 1.61 F¼ 2.388 0.069
UA, mmol/L 309.4� 97.3 294.6� 97.1 298.7� 130.2 312.1� 97.6 F¼ 0.766 0.514
CHOL, mmol/L 5.05� 1.35 4.89� 1.08 4.54� 0.66 4.94� 1.26 F¼ 0.835 0.475
TG, mmol/L 1.52� 0.77 1.41� 0.66 1.58� 0.86 1.55� 0.78 F¼ 1.080 0.358
LDL-c, mmol/L 3.39� 1.13 3.27� 0.92 3.26� 1.17 3.26� 1.12 F¼ 0.312 0.817
HDL-c, mmol/L 1.10� 0.26 1.13� 0.28 1.20� 0.37 1.10� 0.25 F¼ 0.633 0.594
GLu, mmol/L 6.14� 2.27 6.27� 1.89 6.84� 2.50 6.50� 2.91 F¼ 0.400 0.753

Cr¼ serum creatinine, CHOL¼ cholesterol, Glu¼ fasting blood glucose, HbAlc¼ glycosylated hemoglobin, HDL-c¼ high-density lipoprotein,
LDL-c¼ low-density lipoprotein, TG¼ triglyceride, UA¼ uric acid.

Bonferroni comparison: P^¼ 0.001, P!¼ 0.047.

Zhou et al Medicine � Volume 95, Number 10, March 2016
Comparison of the Baseline Clinical
Characteristics of Patients With Different Circles
of Willis Types

Patients in the type I group were younger than patients in
the type II group and the type IV group, statistically significant
(P< 0.05). No significant difference in gender, smoking, alco-
hol consumption, serum Cr, HbAlc, UA, CHOL, TG, LDL-c,
HDL-c, and Glu was observed among the groups (P> 0.05). A
significant difference in history of hypertension and diabetes
among the groups (P< 0.05) (Table 1) was noted.

Comparison of the Severity of Neurological
Impairments of Patients With Different Circles of
Willis Types

Significant differences in NIHSS scores at admission and
at discharge between the patients with different circles of Willis
types (P< 0.05) were observed (Table 2). The pairwise com-
parison using the LSD method showed that NIHSS scores were
significantly lower in the type I group than in the type II group
and the type IV group (P< 0.05).

The patients with acute cerebral infarction were divided
into 2 groups based on the integrity of the circle of Willis:

complete circle of Willis group (type I of the circle of Willis)
and incomplete circle of Willis group (type II þ type III þ type
IV of the circle of Willis). NIHSS scores at admission and

TABLE 2. Comparison of NIHSS Among Patients With Different T

Groups Type I (n¼ 92) Type II (n¼ 215)

NIHSS on admission 5.65� 5.14^,~ 7.39� 5.29^

NIHSS on discharge 3.67� 4.52
�,# 4.92� 4.90

�

LSD¼ least-significant difference, NIHSS¼National Institutes of Health
LSD comparison: P^¼ 0.008, P~¼ 0.016; LSD comparison: P

�¼ 0.03
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discharge were significantly higher in the incomplete circle of
Willis group than in the complete circle of Willis group
(Table 3).

Comparison of Disability During 90-Day Follow-
up Among Patients With Different Circle of Willis
Types

At the end of the 90-day follow-up, we compared the mRS
among different groups with complete circle of Willis and
incomplete circle of Willis. We found that the mRS in patients
with complete circle of Willis had high rate of lower mRS than
those with incomplete circle of Willis (Figure 2). Then, the
patients were determined to have good neurological recovery
(mRS � 1) or poor neurological recovery (mRS > 1). Circle of
Willis type was significantly correlated with the disability of the
patients with acute cerebral infarction. A poor recovery rate was
highest in type IV patients, whereas a good recovery rate was
highest in type I patients (Table 4). As previously described, the
patients with acute cerebral infarction were divided into 2
groups based on the integrity of the circle of Willis: the
complete circle of Willis group and the incomplete circle of
Willis group. A higher percentage of patients in the complete

circle of Willis group had good neurological recovery at the end
of the 90-day follow-up compared with that of the patients in the
incomplete circle of Willis group (Table 5). The patients were

ypes of Circle of Willis

Type III (n¼ 12) Type IV (n¼ 57) F P

7.00� 5.75 7.79� 5.16~ 2.846 0.038
3.83� 3.35 6.25� 4.84# 3.671 0.012

Stroke Scale.
7, P#¼ 0.001.
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TABLE 3. Completeness of Circle of Willis and NIHSS on
Admission and Discharge

Groups

Incomplete
Circle of Willis

(n¼ 284)

Complete
Circle of Willis

(n¼ 92) t P

NIHSS on
admission

7.45� 5.27 5.65� 5.15 2.867 0.004

NIHSS on 5.14� 4.86 3.67� 4.52 2.554 0.011

TABLE 5. Completeness of Circle of Willis and mRS on
Discharge

Groups

Good
Recovery
mRS�1

Poor
Recovery
mRS>1 x2 P

Complete circle
of Willis (n¼ 92)

47 (51.1%) 45 (48.9%) 10.002 0.002

Incomplete circle 93 (32.7%) 191 (67.3%)

Medicine � Volume 95, Number 10, March 2016 Circle Willis and Prognosis in Stroke Patients
further divided into the good recovery group and the poor
recovery group; the logistic regression analysis showed that a
complete circle of Willis was one of the predictors of good
recovery (odds ratio [OR]¼ 0.708, 95% confidence interval
[CI]: 0.554–0.906).

Follow-Up Results of Stroke Recurrence and
Death

In this study, only 187 patients completed the 2 years
follow-up. Fifteen patients had recurrent stroke, including 12
cases of ischemic stroke, 3 cases of hemorrhagic stroke, 5 cases

discharge

NIHSS¼National Institutes of Health Stroke Scale.
of complete circle of Willis, and 10 cases of an incomplete
circle of Willis. Twenty-nine patients died, including 3 cases of
a complete circle of Willis and 26 cases of an incomplete circle

FIGURE 2. The comparison of mRS in patients with complete circl
Rankin score.

TABLE 4. mRS in Patients With Different Types of Circle of Willis

Groups Type I (n¼ 92) Type II (n¼ 215) Type

Mrs�1 47 (51.1%) 74 (34.4%) 5
mRS>1 45 (48.9%) 141 (65.6%) 7

mRS¼modified Rankin Scale.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
of Willis. The difference was statistically significant
(P< 0.05).

DISCUSSION
This study showed that circle of Willis type was closely

associated with the severity and treatment outcome of cerebral
infarction. Compared with patients with acute cerebral infarc-
tion in the incomplete circle of Willis group, patients in the
complete circle of Willis group had lower NIHSS scores at
admission and discharge, less-severe neurological impairments,
and better recovery of neurological function at the end of the 90-

of Willis (n¼ 284)

mRS¼modified Rankin Scale.
day follow-up.
Less than 50% (or significantly <50%) of the general

population have a normal circle of Willis due to congenital

e of Willis and with incomplete circle of Willis. mRS¼modified

III (n¼ 12) Type IV (n¼ 57) x2 P

(41.7%) 14 (24.6%) 12.302 0.006
(58.3%) 43 (75.4%)
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abnormalities or atherosclerosis and other factors. Previous
studies of the circle of Willis patterns were dependent on
autopsy. An autopsy study of 1000 brain specimens showed
that 45.2% of the specimens exhibited a normal circle of Willis
and 54.8% of the specimens exhibited variation in the circle of
Willis.19 Advances in medical imaging techniques have enabled
additional studies of the physiological state of the circle of
Willis. Some researchers investigated the integrity of the circle
of Willis in 160 healthy Chinese using head computed tom-
ography angiography (CTA). The results showed that 79% of
the subjects had a complete anterior half of the circle of Willis,
31% had a complete posterior half of the circle of Willis, 27%
had a complete circle of Willis, and 9.4% had embryonic
posterior cerebral artery.20 Therefore, the variation in the
pattern of the circle of Willis is common, and the compensatory
capacity of different variations of the circle of Willis (as
intracranial collateral circulation) also varies. In this study,
the MRA showed that 24.5% of the patients with acute cerebral
infarction had a complete circle of Willis, 81.7% had a complete
anterior half of the circle of Willis, and 27.7% had a complete
posterior half of the circle of Willis. Compared with foreign
studies,2,14,21 lower rates for a complete circle of Willis and a
complete posterior half of the circle of Willis were obtained in
this study, whereas the rates for a complete anterior half of the
circle of Willis were comparable to this study. Previous studies
have shown that2,15,16 the integrity of the circle of Willis is
significantly associated with the incidence of cerebral infarction
and that an incomplete circle of Willis is associated with a
higher incidence of cerebral infarction. This difference in the
integrity of the circle of Willis between studies in China and
other countries may explain why the incidence of cerebral
infarction in China is significantly higher than the global
average of the incidence of cerebral infarction.

The severity of cerebral infarction is significantly corre-
lated with the collateral circulation of cerebral arteries.3,22 Good
collateral circulation enables the timely reperfusion of blood
flow to the ischemic penumbra, which reduces the volume of
cerebral infarction, minimizes neurological impairments, and
improves prognosis. A complete circle of Willis was an inde-
pendent predictor of good recovery. According to the past
studies, the protective effect of a complete circle of Willis
on acute cerebral infarction may be attributed to several factors.
First, a complete circle of Willis has better collateral circulation
and higher compensatory capacity in the case of cerebral
ischemia, enabling a greater chance of collateral reperfusion
to the ischemic penumbra and minimizing neurological impair-
ments. Second, a complete circle of Willis indicates that more
blood flow is available to form collateral pathways via the circle
of Willis, creating the conditions for reperfusion to the cerebral
ischemic lesions23 and helps to improve the hemodynamics of
artery anastomoses in the pia mater, improving the compensa-
tory capacity of collateral anastomoses in the pia mater to the
infarct vessels. Third, a complete circle of Willis reduces
cerebral ischemia-reperfusion injury24 and counteracts the
hemodynamic changes of cerebral ischemia and reperfusion,
reducing brain damage.25,26

This study showed that patients in the complete circle of
Willis group had better neurological recovery, which was
consistent with the study results of Chuang et al.23 However,
Chuang et al investigated patients with acute noncardiac
cerebral infarction who received intravenous thrombolysis.

Zhou et al
The enrolled subjects had to satisfy specific inclusion criteria.
In this study, the inclusion criterion was patients with initial
acute noncardiac cerebral infarction, producing a more
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inclusive study. Chuang et al showed that the mean NIHSS
score at admission was lower in the complete circle of Willis
group than in the incomplete circle of Willis group, but the
difference was not statistically significant, which was incon-
sistent with this study. This finding is most likely attributed to
the following factors: (1) the onset time—Chuang et al23 eval-
uated patients within 3 hours of onset, whereas this study
evaluated patients within 7 days of onset. Some time is required
for acceptable collateral circulation to serve a protective role on
cerebral ischemia, and (2) intravenous thrombolysis—Chuang
et al23 evaluated patients who received intravenous thrombo-
lysis, which may alter the integrity of the circle of Willis.
Compared with the study conducted by Chuang et al, this study
was more inclusive and representative with broader clinical
significance.

This study showed that circle of Willis type is associated
with stroke severity and prognosis; patients with an incomplete
circle of Willis have more severe conditions and a higher 90-day
poor prognosis rate than patients with a complete circle of
Willis. A complete circle of Willis is an independent predictor
of good prognosis. However, this study has some drawbacks.
First, although 3D-TOF MRA combined with raw images is
highly sensitive and accurate for analyzing the circle of Willis
and is easy to operate, MRA is insensitive for detecting tiny
blood vessels with slow blood flow17 and has certain limita-
tions. Some constituent vessels of the circle of Willis, especially
communicating arteries, did not show on the MRA due to slow
blood flow. As a result, this study may have slightly under-
estimated the percentage of patients with a complete circle of
Willis. Second, a significant difference in age was observed
among the groups in this study. Previous studies6,27,28 showed
that younger age was associated with a higher rate of a complete
circle of Willis. The younger the age, the greater are the
diameters of the constituent vessels of the circle of Willis.
Age is one of the most important factors that affects the severity
of neurological impairments, neurological recovery and clinical
prognosis.29,30 Therefore, the difference in age among the
groups in this study inevitably affected the assessment of the
severity of a patient’s condition and the clinical prognosis.
Third, for 2-year follow-up, the lost rate was as high as 50%.
This may have some influence on our results about the corre-
lation between completeness of circle of Willis and stroke
recurrence. But in our study, all of the patients finished the
90-day follow-up and the main findings that patients with
complete circle of Willis would be with good recovery still
make sense.
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