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Background: Computed tomographic angiography (CTA) is rarely used to explore the effect of moyamoya disease
(MMD) on the basilar artery (BA) and its adjacent arteries.

Methods: Participants were divided into a control group and an MMD group. The relevant parameters were
measured. Statistical analyses included the t-test, chi-squared test, and linear regression analysis.

Results: In the control group of 100 healthy people, the average age was 54.51 + 13.40 years, and the ratio of
males to females was 0.89:1. In the MMD group of 100 patients, the average age was 53.95 + 11.31 years, and
the ratio of males to females was 1.13:1. In the MMD group, the CTA score of the anterior circulation of the
bilateral hemispheres was 7.57 + 2.36. According to the statistical analyses, (1) in the control group, the BA apex
tended to lean to the right in healthy participants; (2) in the MMD group, the BA was closer to the midline, and
the angle between the BA and anterior inferior cerebellar artery was reduced, indicating that the BA was rela-
tively elevated; (3) in the MMD group, the diameters of the BA, PCA and vertebral artery were larger than those
in the control group; and (4) MMD patients with posterior cerebral atery (PCA) involvement had higher CTA
scores of the anterior circulation.

Conclusions: MMD can cause the BA to move toward the midline and upward and enlarge major vessels of the
posterior circulation. The PCA tends to be involved in MMD patients with higher CTA scores in the anterior
circulation.

1. Introduction

Moyamoya disease (MMD) is characterized by progressive stenosis or
occlusion of the internal carotid artery (ICA) termination, after which
the middle cerebral artery (MCA), anterior cerebral artery (ACA), and
even posterior cerebral artery (PCA) are subsequently stenosed or
occluded (1).

In MMD, the posterior circulation is often preserved as an important
collateral route to compensate for the anterior circulation (2). Due to
hemodynamic stress, the posterior circulation may experience
morphological remodeling of vessel diameters and degrees (3). The
posterior circulation mainly focuses on the basilar artery (BA) and its
adjacent arteries, including the PCA, the superior cerebellar artery
(SCA), the anterior inferior cerebellar artery (AICA) and the vertebral
artery (VA) (4,5).

Clarifying the remodeling of the posterior circulation is important
because this knowledge can help neurosurgeons and neuro-
interventionists facilitate operations such as extracranial-intracranial

revascularization and endovascular treatment for intracranial ischemic
or hemorrhagic vascular diseases (6-9). Morphological remodeling of
the BA and its adjacent arteries in MMD patients has rarely been studied
using computed tomographic angiography (CTA) (1,10,11). Therefore,
we performed a study using head CTA. In addition, this study also
provided relevant data from Han Chinese people.

2. Materials and methods

A CTA study was performed on Chinese people of Han nationality
who were healthy during routine physical examinations and patients
with MMD between Jan 2018 and August 2021. The ethics committee of
our hospital approved this study. All methods were performed in
accordance with the relevant guidelines and regulations.
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2.1. Inclusion criteria and grouping

2.1.1. Inclusion and exclusion criteria

(a) Contrast agent filling showing clear intracranial arteries, with no
occupying or vascular lesions that could affect the measurement and
recording of the parameters. (b) Bilateral MMD diagnosed by CTA
showing bilateral steno-occlusive changes in the vessels of the anterior
circulation (ICA, MCA, and ACA) (Fig. 1) (12,13). (c) Participants with a
smoking history were not excluded. (d) Participants with atherosclerosis
or coexisting cardiovascular disease were excluded.

2.1.2. Grouping
Healthy people were enrolled in the control group; patients with
MMD were enrolled in the MMD group.

2.2. Software and tools used for postprocessing

The raw data were postprocessed using a GE Workstation (version
4.7) (GE Healthcare; Cytiva). The data were primarily reconstructed
using the volume rendering tool. Structures that interfered with the
measurement were removed using the cutting tool. The vessel diameter
was obtained using the measuring distance tool. The curved length of a

Fig. 1. MMD presentation on CTA.

A: CTA showing stenosis of the bilateral MCA trunk (black arrows), and the ACA
was normal. B: CTA image showing a discontinuity of the bilateral MCA trunk
(black arrows) and a normal ACA. C: CTA image showing a discontinuity of the
left MCA trunk (black arrow) and an invisible ACA (white arrow). D: CTA image
showing a discontinuity of the left PCA and its distal region (black arrow). E:
CTA image showing an invisible left PCA and its distal segment. F: CTA image
showing bilateral PCAs with discontinuity of the distal PCAs.

Abbreviations: ACA: anterior cerebral artery, CTA: computed tomographic
angiography, ICA: internal carotid artery, L: left, MCA: middle cerebral artery,
MMD: moyamoya disease, PCA: posterior cerebral artery.
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vessel was measured using the two-click AVA tool. The angle between
the vessels was measured by the degree tool. All of the parameters were
measured 3 times by Han Su and Jinlu Yu, and the average value was
used.

2.3. Recorded and measured parameters

The MMD scores of the anterior circulation were recorded based on
the CTA scoring system of Houkin et al. (Fig. 1) (12,13). The scores for
the ICA were as follows: Point 0: normal or equivocal stenotic intra-
cranial ICA; Point 1: apparent stenotic intracranial distal ICA; Point 2:
severe decrease or discontinuity of the intracranial distal ICA; and Point
3: both intracranial distal ICAs were difficult to identify. The scores for
the MCA are as follows: Point 0: normal or equivocal stenotic M1
portion; Point 1: moderate stenotic change in the M1 portion; Point 2:
severe signal decrease or loss of the M1 portion and its distal branches;
and Point 3: the M1 portion and its distal branches are difficult to
identify. The scores for the ACA were as follows: Point 0: normal or
equivocal stenotic distal ACA; Point 1: A2 and its distal branches
decrease; and Point 2: distal ACAs are difficult to identify. PCA
involvement in MMD patients was divided into normal (point 0),
discontinuous (point 1), and invisible P2s and their distal segments
(point 2).

The vessel diameters included the diameters of the PCA at its origin,
the SCA at its origin, the BA at its origin and termination, the AICA at its
origin, and the VA at its termination. The lengths included the length of
the BA from the VA to the AICA and the whole BA length. The angles
included the angles between the BA and SCA, between the BA and PCA,
between the BA and AICA, between the VA and BA, between the bilateral
PCAs, and between the bilateral VAs (Fig. 2).

2.4. Variation and development

Variation and development of the vessels were recorded, including
absence, duplication, and hypoplastic and hyperplastic changes. In
addition, fenestration in the vessel was also recorded. These are illus-
trated in Figs. 3-4.

2.5. Statistical analysis

Statistical assessments were performed using GraphPad Prism (10
LLC, San Diego, CA, USA). Continuous variables are expressed as the
means =+ standard deviations, and differences were assessed using the t-
test. The chi-squared test or Fisher's exact-test was used to analyze the
count data. The relationships between independent variables and
dependent variables were analyzed using linear regression. P < 0.05 was
considered to indicate statistical significance.

3. Results
3.1. General information

In the control group of 100 healthy people, the average age of the
patients was 54.51 + 13.40 years (range, 10-84 years), the ratio of
males to females was 0.89:1 (47/53), and the percentage of smokers was
34% (34/100). In the MMD group of 100 patients, the average age was
53.95 + 11.31 years (range, 11-74 years), the ratio of males to females
was 1.13:1 (53/47), and the percentage of smokers was 35% (35/100)
(Table 1).

3.2. Clinical presentation, MMD CTA scores, and PCA involvement

In the MMD group, 30 (30%, 30/100) patients presented with
intraventricular hemorrhage, 22 (22%, 22/100) with intracerebral he-
matoma, 14 (14%, 14/100) with subarachnoid hemorrhage, and 34
(34%, 34/100) with cerebral infarction. The CTA score of the anterior
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Fig. 2. Parameter measurements on CTA.

A: No. 1 is the diameter of the PCA at the origin, 2 is the diameter of the SCA at
the origin, 3 is the diameter of the BA termination, 4 is the diameter of the BA at
the AICA origin, and 5 is the diameter of the AICA at the origin. B: No. 6 is the
diameter of the BA at the origin, 7 is the diameter at the VA termination, and 8
is the length of the BA from the VA to the AICA. C: No. 9 is the whole BA length.
D: No. 10 is the angle between the BA and SCA, 11 is the angle between the BA
and PCA, and 12 is the angle between the BA and AICA. E: No. 13 is the angle
between the VA and BA, and 14 is the angle between the bilateral VAs. F: No. 15
is the angle between bilateral PCAs.

Abbreviations: AICA: anterior inferior cerebellar artery, BA: basilar artery, CTA:
computed tomographic angiography, L: left, PCA: posterior cerebral artery,
PICA: posterior inferior cerebellar artery, R: right, SCA: superior cerebellar
artery, VA: vertebral artery.

circulation of the bilateral hemispheres in 100 MMD patients was 7.57
+ 2.36 (Table 2). PCA involvement was observed in 15 (15%, 15/100)
patients (5 with ipsilateral P2 stenoses, 8 with ipsilateral P2 occlusions
and 2 with bilateral P2 stenoses) (Table 3).

3.3. Measured parameters

3.3.1. PCA, SCA, AICA and VA diameters

In the control group, all 200 PCAs were measured; 183 (91.5%, 183/
200) SCAs were measured, excluding 10 (5%, 10/200) duplicate SCAs
and 7 (3.5%, 7/200) SCAs originating from the PCA; 164 (82%, 164/
200) AICAs were measured, excluding 24 (12%, 24,/200) invisible
AICAs, 7 (3.5%, 7/200) duplicate AICAs and 5 (2.5%, 5/200) AICAs
originating from the VA; and 198 (99%, 198/200) VAs were measured,
excluding 2 (1%, 2/200) VAs with fenestration at their terminations.

In the MMD group, 199 (99.5%, 199/200) PCAs were measured,
excluding 1 (0.5%, 1/200) invisible PCA; 1 (0.5%, 1/200) P1 fenestra-
tion was identified but did not affect the measurements. A total of 179
(89.5%, 179/200) SCAs were measured, excluding 12 (6%, 12/200)

Fig. 3. Variation and development of the PCA, SCA and AICA on CTA.

A: CTA image showing a fenestration (arrow) on the right P1 segment. B: CTA
showing a left SCA from the PCA. C: CTA image showing bilateral duplicated
SCAs (arrows). D: CTA showing the AICA as a single trunk on both sides. E: CTA
image showing a duplicated left AICA. F: CTA showing a right AICA originating
from the VA termination site.

Abbreviations: AICA: anterior inferior cerebellar artery, BA: basilar artery, CTA:
computed tomography angiography, L: left, PCA: posterior cerebral artery, SCA:
superior cerebellar artery, VA: vertebral artery.

duplicate SCAs, 8 (4%, 8/200) SCAs originating from the PCA and 1
(0.5%, 1/200) invisible SCA; 158 (79%, 158/200) AICAs were
measured, excluding 34 (17%, 34/200) invisible AICAs, 5 (2.5%, 5/200)
duplicate AICAs, and 3 (1.5%, 3/200) AICAs originating from the VA;
and 199 (99.5%, 199/200) VAs were measured, excluding 1 (0.5%, 1/
200) VA that terminated at the posterior inferior cerebellar artery.

3.3.2. BA diameter and length

The BA diameters at the origin and termination and BA lengths were
measured in both groups. Excluding duplicate or invisible AICAs or
AICAs originating from the VA (mentioned in the previous sections) and
BA fenestrations (6 (6%, 6/100) in the control group and 3 (3%, 3/100)
in the MMD group), 160 (80%, 160/200) BA diameters at the AICA
origin were measured in the control group, and 155 (77.5%, 155/200) in
the MMD group; 164 (82%, 164/200) BA lengths from the origin to the
AICA were measured in the control group, and 158 (79%, 158/200)
were measured in the MMD group.

3.3.3. Angles between vessels

Among the angles between the BA and SCA, 183 (91.5%, 183/200)
were measured in the control group, and 179 (89.5%, 179/200) were
measured in the MMD group. A total of 100 angles between the BA and
PCA (100%, 100/200) were measured in the control group, and 199
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Fig. 4. Variation and development of the BA and VA on CTA.

A: CTA image showing a small fenestration below the AICA (arrow). B: CTA
image showing a large fenestration, presenting as a triangular-shaped region
(arrow). C: CTA showing a right hypoplastic VA and a left hyperplastic VA with
a large fenestration (arrow) at the VA termination. D: CTA showing a right VA
terminating at the PICA.

Abbreviations: AICA: anterior inferior cerebellar artery, BA: basilar artery, CTA:
computed tomographic angiography, L: left, PICA: posterior inferior cerebellar
artery, VA: vertebral artery.

Table 1
General information.
Control group MMD group P value
Age (years) 54.51 + 13.40 (10-84) 53.95 + 11.31 (11-74) 0.7499
Male/female 47/53 53/47 0.4796
Smokers (yes/no) 34/66 35/65 >0.9999

Abbreviations: MMD: moyamoya disease. In the table, age was compared with
the unpaired t-test. Other parameters were compared with Fisher's exact-test.

Table 2

CTA scores of the anterior circulation in MMD patients.
Side Score Range P value
Left (100 hemispheres) 3.87 + 1.40 2-8 0.2003

Right (100 hemispheres)
Total (bilateral hemispheres in 100 patients)

3.70 £1.31 1-7
7.57 £ 2.36 4-14 -

Abbreviations: CTA: computed tomography angiography, MMD: moyamoya
disease. The data were compared with paired t-tests.

Table 3
CTA scores of the anterior circulation in MMD patients with/without PCA
involvement.

Group Score Range P value
15 patients with PCA involvement 9.33 £2.13 6-14 0.0014
85 patients without PCA involvement 7.26 + 2.27 4-13

Abbreviations: CTA: computed tomography angiography, MMD: moyamoya
disease, PCA: posterior cerebral artery. In the table, the unpaired t-test was used
for comparisons between groups.

(99.5%, 199/200) were measured in the MMD group. A total of 164
(82%, 164/200) angles between the BA and AICA were measured in the
control group, and 158 (79%, 158/200) were measured in the MMD
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group. Regarding the angle between the BA and VA, 198 (99%, 198/
200) joints were measured in the control group, and 199 (99.5%, 199/
200) were measured in the MMD group. All angles between the bilateral
PCAs were measured in the control group, and 99 (99%, 99/100) were
measured in the MMD group. For the angle between the bilateral VAs, 98
(98%, 98/100) were measured in the control group, and 99 (99%, 99/
100) were measured in the MMD group.

In section “3.3 Measured parameters”, more results are shown in
Tables 4-5.

3.4. Statistical results

3.4.1. Age, sex and smoking status

The unpaired t-test and Fisher's exact-test showed no significant
difference in age, sex or smoking history between the two groups,
indicating that these baseline data were similar (Table 1).

3.4.2. Data of the control group

The paired t-test showed that the BA at the termination site was
thicker than the BA at the origin site (P < 0.05). The unpaired t-test
showed that the left VA at termination was thicker than the right (P <
0.05). The paired t-test showed that the left angles between the BA and
SCA and between the BA and PCA were larger than the right angles (P <
0.05). More results are shown in Table 4.

3.4.3. Data from the MMD group

The paired t-test showed that the difference in the MMD CTA scores
between the left and right cerebral hemispheres was not significant (P >
0.05), indicating that MMD had the same effect on the bilateral cerebral
hemispheres (Table 2). The unpaired t-test showed that the BA at the
termination site was thicker than the BA at the origin site (P < 0.05). The
unpaired t-test showed that MMD patients with PCA involvement had
greater CTA scores for the anterior circulation (P < 0.05) (Table 3). More
results are shown in Table 4.

Linear regression was used to analyze the relationships between the
CTA scores of the anterior circulation of bilateral hemispheres in MMD
patients and the diameters of the PCA at its origin, the BA at its origin,
the AICA at its origin and termination, the VA at its termination, and the
angle between the BA and AICA. The results showed that the MMD CTA
score did not affect these parameters (P > 0.05) (Table 5).

3.4.4. Differences between groups

The unpaired t-test showed that the diameters of the BA, PCA and VA
were greater in MMD patients (P < 0.05), indicating that MMD enlarged
the major vessels of the posterior circulation. The unpaired t-test showed
that the angle between the BA and AICA was reduced in MMD patients
(P < 0.05), indicating that the BA moved upward overall, perhaps
because the AICA was relatively fixed. More results are shown in
Table 6.

4. Discussion

Currently, digital subtracted angiography (DSA) remains the gold
standard for studying MMD, but its role has been partially eliminated by
magnetic resonance angiography (MRA) and computed tomography
angiography (CTA) because of their minimal invasiveness and conve-
nience (14-16). A study by Sugino et al. confirmed that CTA is a reliable
technique for diagnosing MMD (13). CTA can be performed to evaluate
MMD based on the scoring system of Houkin et al. (12,13). The scoring
system correlated well with the grading system of Suzuki et al.
(12,13,17). Therefore, our CTA-based study was reasonable for studying
MMD.

In the early stages, MMD predominantly affects the ICAs bilaterally,
often sparing the posterior circulation (18). Subsequently, steno-
occlusive changes in MMD patients progress from the anterior arteries
to the posterior communicating artery (PcomA) and PCA because the
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Table 4
Data of the control and MMD groups.
Control group MMD group
Parameter Sides Range (mm) Mean (mm) P value Sides Range (mm) Mean (mm) P value
PCA diameter at the origin* L (100) 0.5-3.9 1.95 + 0.54 0.7481 L (99) 0.5-4.7 2.37 £0.74 0.6011
R (100) 0.4-4.0 1.93 + 0.65 R (100) 0.3-4.0 2.31 £0.76
SCA diameter at the origin L (93) 0.2-2.0 0.78 £ 0.43 0.1475 L (91) 0.3-1.9 0.82 +£ 0.44 0.4328
R (90) 0.3-2.0 0.88 +£0.48 R (88) 0.2-2.2 0.88 + 0.46
BA diameter* Origin (100) 2.0-4.6 3.00 £+ 0.52 <0.0001 Origin (100) 2.1-5.7 3.31 £0.63 <0.0001
Termination 2.4-6.8 3.92 £0.74 Termination 2.8-5.9 4.20 £ 0.72
(100) (100)
AICA diameter at the origin L (79) 0.3-1.6 0.69 + 0.28 0.4607 L (82) 0.2-1.9 0.67 £+ 0.32 0.2151
R (85) 0.3-1.5 0.72 £ 0.26 R (76) 0.3-1.7 0.74 £ 0.33
BA diameter at the AICA origin L (78) 2.2-6.5 3.66 £ 0.66 0.7287 L (80) 2.5-5.9 3.83 £ 0.69 0.8049
R (82) 2.1-6.5 3.63 £ 0.69 R (75) 2.5-5.4 3.80 £ 0.63
VA diameter at the termination L (99) 0.5-5.8 2.69 £+ 0.86 0.0016 L (100) 0.7-6.4 2.95 £+ 0.80 0.0905
R (99) 0.5-4.4 2.32£0.75 R (99) 0.8-5.1 2.76 £ 0.84
Length from the BA origin to the AICA L (79) 1.6-22.2 8.54 £ 4.15 0.5675 L (82) 0.9-32.1 7.56 + 4.56 0.6166
origin R (85) 1.6-22.2 8.90 £+ 3.99 R (76) 1.3-18.6 8.03 £+ 3.09
Angle between the BA and PCA* L (100) 78.2-180 131.4 + 0.0144 L (99) 82.3-178.8 129.5 + 0.0894
18.08 20.73
R (100) 75.6-176.1 124.3 + R (100) 54.3-171.2 124.6 +
19.96 19.99
Angle between the BA and SCA L (93) 34.4-132.8 70.15 + 0.0159 L (91) 26.2-121.3 69.82 + 0.6053
16.96 18.62
R (90) 30.7-96.8 64.43 + R (88) 9.5-109.7 68.36 +
14.71 19.25
Angle between the BA and AICA L (79) 14.0-108.0 48.50 + 0.4240 L (82) 13.2-94.0 42.28 + 0.6758
16.75 18.14
R (85) 13.3-91.8 50.64 + R (76) 10.4-80.7 43.79 £
17.46 14.67
Angle between the BA and VA L (99) 101.1-180.0 150.9 + 0.3052 L (100) 109.6-179.8 153.0 + 0.7779
14.56 14.66
R (99) 80.3-180.0 148.6 + R (99) 119.0-179.3 152.4 +
16.64 14.65

Abbreviations: AICA: anterior inferior cerebellar artery, BA: basilar artery, L: left, MMD: moyamoya disease, PCA: posterior cerebral artery, R: right, SCA: superior
cerebellar artery, VA: vertebral artery. In the table, parameters with asterisks were compared with paired t-tests; the other parameters were compared with unpaired t-

tests.

Table 5
Linear regression between the CTA score and vessel diameter/angle.

Parameter X Parameter Equation P value
Y

PCA diameter at the origin CTA score Y = 0.01804*X + 0.5342
2.200

BA diameter at the origin CTA score Y = 0.02188*X + 0.4168
3.143

BA diameter at the AICA origin CTA score Y = 0.04329*X + 0.1321
3.416

BA diameter at the termination CTA score Y = 0.04367*X + 0.1544
3.872

Left VA diameter at the CTA score Y = 0.03037*X + 0.3750
termination 2.723

Right VA diameter at the CTA score Y = 0.01298*X + 0.7180
termination 2.657

Angle between the BA and AICA  CTA score Y = 0.07146*X + 0.8959
34.21

Abbreviations: AICA: anterior inferior cerebellar artery, BA: basilar artery, CTA:
computed tomography angiography, PCA: posterior cerebral artery, VA: verte-
bral artery.

PcomA and PCA are involved in the caudal division of the primitive ICA
(19). It is obvious that steno-occlusive changes in the cerebral arteries in
MMD patients occur only in the arteries originating from the neural
crest, such as the primitive ICA (20). In addition, mutations in the p.
R4810K and DIAPH1 genes may affect PCA involvement in MMD
(21,22).

Our study revealed that MMD patients with PCA involvement had
greater CTA scores of the anterior circulation, supporting the above
viewpoint that, with MMD progression, steno-occlusive changes in MMD
will involve the PCA. In our study, 15% of MMD patients had PCA

involvement, similar to the 15-30% of MMD patients reported to have
PCA involvement during MMD progression in a previous study (5). PCA
involvement in MMD is associated with increased rates of ischemic
perioperative complications and worsened functional outcomes, likely
due to reduced collateral flow (23).

Ultimately, MMD will result in stenosis and occlusion of the anterior
circulation and PCA while sparing the posterior circulation of the ver-
tebrobasilar system (24).

The core of the posterior circulation is the BA and its adjacent ar-
teries. Based on the theory of embryological development, in MMD, the
BA and its adjacent arteries are preserved and do not experience stenosis
or occlusion (19). The posterior circulation serves as an important
source of collateral circulation, and patients progressively experience
remodeling due to hemodynamic pressure (3,7,25,26). These arteries
may become dilated or displaced. Our study confirmed these changes
and revealed that the BA moved toward the midline and upward and
that the major vessels of the posterior circulation were enlarged.

In healthy people, the BA apex is not located at the midline and leans
to the right because the left angles between the BA and SCA and between
the BA and PCA are larger than those on the right. However, the angles
in MMD patients are modified by hemodynamic remodeling of the major
vessels, causing the BA apex to sit in the midline. In addition, in our
study, the angle between the BA and AICA decreased in MMD patients,
but the BA length did not change. A reasonable explanation is that the
BA was pushed upward as a whole in MMD patients by hemodynamic
pressure. Because the distal AICA is relatively fixed, as the BA moves
upward, the distance between the BA and AICA decreases.

In addition, in our study, we found that although PCA stenosis or
occlusion tended to be present in severe MMD patients, interestingly,
MMD severity had no direct correlation with the degree of major vessel
thickening, indicating that in the early stages of MMD, these vessels
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Table 6
Comparison of the data between the groups.
Parameter Groups Range (mm)  Mean P value
(mm)
PCA diameter at the Control 0.4-4.0 1.94 + <0.0001
origin (200) 0.60
MMD 0.3-4.7 2.34 +
(199) 0.75
SCA diameter at the Control 0.2-2.0 0.83 + 0.6394
origin (183) 0.46
MMD 0.2-2.2 0.85 +
179) 0.45
BA diameter at the origin ~ Control 2.0-4.6 3.00 + 0.0002
(100) 0.52
MMD 2.1-5.7 331+
(100) 0.63
BA diameter at the Control 2.4-6.8 3.92 + 0.0074
termination (100) 0.74
MMD 2.8-5.9 4.20 +
(100) 0.72
AICA diameter at the Control 0.3-1.6 0.71 + 0.8567
origin (164) 0.27
MMD 0.2-1.9 0.70 =
(158) 0.32
BA diameter at the AICA Control 2.1-6.5 3.65 + 0.0271
origin (160) 0.68
MMD 2.5-5.9 3.81 £
(155) 0.66
Left VA diameter at the Control 0.5-5.8 2.69 + 0.0245
termination 99) 0.86
MMD 0.7-6.4 2.95 +
(100) 0.82
Right VA diameter at the Control 0.5-4.4 2.32 + 0.0002
termination 99) 0.75
MMD (99) 0.8-5.1 2.76 £
0.84
BA length Control 2.0-5.9 31.3 + 0.3368
(100) 0.56
MMD 2.1-5.6 30.6 +
(100) 0.52
Length from the BA origin ~ Control 1.6-22.2 8.73 + 0.0525
to AICA (164) 4.06
MMD 1.3-32.1 7.86 +
(158) 3.87
Angle between the BA Control 75.6-180.0 127.8 + 0.6972
and PCA (200) 19.3
MMD 54.3-178.8 127.1 +
(199) 20.5
Angle between the BA Control 30.7-132.8 67.3 + 0.3406
and SCA (183) 16.1
MMD 9.5-121.3 69.1 +
179) 18.9
Angle between the BA Control 13.3-108.0 49.61 + 0.0007
and AICA (164) 17.11
MMD 10.4-94.0 43.21 +
(158) 16.52
Angle between the BA Control 80.3-180.0 149.8 + 0.0530
and VA (198) 15.64
MMD 109.6-179.8  152.7 +
(199) 14.62
Angle between the Control 44.7-168.5 100.9 + 0.2777
bilateral PCAs (100) 24.72
MMD (99) 16.2-174.8 105.0 +
28.04
Angle between the Control 15.7-116.1 56.48 + 0.0657
bilateral VAs (98) 18.94
MMD (99) 13.6-98.7 51.27 +
20.50
Diameter of PcomA at Control 0.3-2.5 1.60 + 0.1969
origin (60) 0.71
MMD (65) 0.5-3.0 1.77 £
0.74

Abbreviations: AICA: anterior inferior cerebellar artery, BA: basilar artery,
MMD: moyamoya disease, PCA: posterior cerebral artery, PcomA: posterior
communicating artery, SCA: superior cerebellar artery, VA: vertebral artery. In
the table, the unpaired t-test was used.
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undergo no further thickening or dilatation. Due to VA thickening, the
difference between the left and right VA diameters disappeared. Inter-
estingly, the diameters of smaller vessels, such as the SCA and AICA,
were not affected, which indicated that hemodynamic pressure in MMD
patients has a lesser effect on these vessels (Table 5).

In our study, the measured parameters were compared with those of
other studies, such as Saeki et al. (27), Zeal et al. (28), Hardy et al. (29),
Pai et al. (30) and Shrontz et al. (31). Due to racial differences and the
imparity of measurement methods, there are some differences when
comparing parameters obtained in different studies. Nevertheless, the
parameters in the above studies were inconsistent. Therefore, our study
is important because it provides data regarding Han Chinese people, a
relatively underreported population.

In addition to morphological studies, cerebrovascular hemodynamic
studies on MMD, such as cerebrovascular reserve capability, glymphatic
system activity and the waste clearance system, are important (32,33).
Hemodynamics studies of the BA and its adjacent arteries are warranted.

5. Conclusion

In summary, this CTA study provided normal anatomical data of the
vessels of healthy people and MMD patients. In addition, this study
revealed that in MMD patients, the BA and its major arteries are
enlarged, while the minor arteries are not. Furthermore, the angles be-
tween the vessels are modified, and the BA and its major arteries are
pushed upward as a whole.

6. Limitations

As a cross-sectional study, this study can only suggest an association
between MMD and the parameters of the BA and its adjacent arteries and
cannot fully confirm that the changes in these parameters are a result of
MMD. Longitudinal analysis is the best choice for studying the effect of
MMD on the BA and its adjacent arteries. However, it is difficult to
follow up on such a longitudinal study. Despite these limitations, our
study may reflect the tendency of MMD to affect the BA and its adjacent
arteries.
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