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ruptured aneurysms (85.6% cases) were reported to be 
symptomatic and they were in the MCA and AcomAC 
territories.4 5 Therefore, studying the relationship of rela-
tive sizes of cerebral arteries, sites of location of cerebral 
aneurysms and their relationship to the variant segments 
of cerebral basal arterial network (CBAN) would help to 
understand the risk factors, and maximise the manage-
ment of strokes.

The blood flow to the cranial cavity through the four 
main incoming arteries is asynchronous.11 The asyn-
chronous blood pressure gradients in the incoming 
intracranial arteries combine via segments of the CBAN. 
This helps to maintain a continuous, smooth blood 
flow through the arteries that are leaving the arterial 
network, thus minimises peaks in pressure and reduces 
the chances of development of cerebral aneurysms.11 12 
However, asymmetric and variant segments of the CBAN 
alter the haemodynamics and peaks in pressure of the 
blood flowing through them and predisposes the asso-
ciated ‘arterial complexes’ to the development of aneu-
rysms.11 13 A relationship for the development of AcomAC 
aneurysms to the degree of asymmetry between left and 
right first segments of ACA (A1s) has been shown to 
occur.14 The current study investigated the relationship 
of locations of intracranial aneurysms to the relative sizes 
of all arterial segments of CBAN and their individual 
variations. The concept that the mechanisms involved in 
dampening peak systolic pressures in arterial segments 
of CBAN, reduce the chances of the development of 
aneurysms in the ACA and PCA territories, justified the 
current investigation.

MATERIAL AND METHOD
Study design
Randomly selected cerebral CT angiography (CCTA) 
images of 145 patients archived in the Carestream data 
registry system at Royal Adelaide Hospital (RAH), South 
Australia between January 2011 and December 2019, 
were used in the study (age range 18–100 years, male=67, 
female=78, mean age=60.9 years) (online supplemental 
file 1). The Carestream database file used in this study 
holds anonymised data of patients who on admission 
to the RAH, University of Adelaide, has expressed their 
consent to use their clinical information for research 
purposes. The hospital does not supply informed consent 
documents to the researcher, in order to protect the 
anonymity of patients.

The CCTA images with severe artefacts or from patients 
with severe cerebral vasospasm (ie, diagnosed by radiol-
ogists) were excluded from the study. The CCTA images 
used in this study were taken from patients who visited the 
RAH for a variety of reasons related to cranial pathologies 
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24–39 in online supplemental file 1) and transferred into 
the SPSS V.25 software, before the statistical analysis. The 
diameters of arteries were converted into ‘relative sizes’ 
to neutralise the individual differences in sizes of CBAN 
components among patients.

The internal diameters of the components of CBAN 
in CCTA images were measured using image J software 
programme ( Ij153-  win-  java8. zip, https:// wsr. imagej. net). 
The diameter of each artery was measured at the narrowest 
region of the selected site, perpendicular to the long axis 
of the vessel (figure 1), to make the measurements consis-
tent across all CCTA images. Furthermore, the CCTA arte-
rial data taken from all the patients were divided into two 
groups (see below) in order to observe the relationship of 
aneurysms to the variation in the components of CBAN. 
Group a: patients with one and more than one cerebral 
aneurysm; group b: patients without cerebral aneurysms 
(see column number 41 in online supplemental file 1).

The accuracy of the measurements was determined 
by repeating measurements in CCTA images of 10 cases, 
a week after the first measurement (table 1 and online 
supplemental file 2). The relative technical error of the 
measurement was calculated and found to be within the 
statistically acceptable limits (ie, ≤10%).

The average size (Avg), SD and coefficient of variation 
(CV) of all components of CBAN (ie, left and right ICA, 
first segment of MCA, A1, A2, P1, P2, AcomA, PcomA 
and BA) were calculated. In order to avoid the influence 
of differences in sizes of individual CBANs, the relative 
sizes of each vessel of each individual were calculated by 
dividing its size by the average size of all the arteries of 
this individual’s CBAN. Averages of such relative values 
obviously were close to 1.00, while SD are a measure of 
each individual’s CBAN variation, which was insensitive to 
its overall size (online supplemental file 1).

Statistical analysis
This is a cross- sectional observational study. The data were 
analysed using Excel data file and descriptive, parametric 
and non- parametric statistical methods, independent 
sample t- test, linear regression, logistic regression and 
χ2 tests from Statistical Package for the Social Sciences 
(SPSS IBM, V.25) programme. The p values less than 0.05 
were considered statistically significant, but exact p values 
were also quoted as calculated.

Patient and public involvement
According to the conditions of the ethics permit, the access 
was given to the retrospective anonymised data, thus it 
was impossible for us to involve patients for planning and 
running of this project. However, once published, the 
findings will be communicated to the public via a series 
of public seminars and information in the media. Patients 
and families who visit the hospital for clinical follow- ups 
will be informed about the findings of the study. All the 
parties involved will be requested to share their experi-
ences during follow- ups and seminars and be encouraged 
to email the authors for further enquiries. Experiences Ta
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ICA, left MCA and left ICA regions, respectively. Seventy- 
eight out of the 113 aneurysms in the 83 patients (ie, 
69% of the total) were in the right and left MCA and ICA 
regions (online supplemental table 2, and pages 2–4 in 
online supplemental file 3). Furthermore, 27 aneurysms 
(23.9% of the total) were in AcomAC regions, one in 
each of 27 patients (online supplemental table 2). In 
addition, eight aneurysms (7% of the total) were located 
in the VB arterial regions (online supplemental table 2). 
Ten and two patients had bilateral MCA and ICA aneu-
rysms, respectively (online supplemental table 2). Out of 
the 27 patients with AcomAC aneurysms, 19 of them had 
aneurysms only in the AcomAC regions (online supple-
mental table 2). Eight patients with AcomAC aneurysms 
also had coexisting left MCA (n=4), right MCA (n=4) and 
right ICA (n=4) aneurysms. Out of those eight patients 
with multiple coexisting aneurysms, one of them had 
aneurysms in AcomAC, right MCA and left MCA, while 
another had coexisting aneurysms in AcomAC, right ICA 
and right MCA (online supplemental table 2). The third 
patient with AcomAC aneurysm also had coexisting aneu-
rysms in right ICA and left MCA (online supplemental 
table 2). Ten cases also had coexisting aneurysms in bilat-
eral MCA territories (online supplemental table 2). Out 
of eight patients with VB aneurysms, one, three, one and 
one also had coexisting right ICA, right MCA, left ICA 

and left MCA aneurysms, respectively. No aneurysms 
were detected at or distal to P2 segments of PCA (online 
supplemental tables 2 and 3).

Variations in components of CBAN in individuals in 
relation to the presence or absence of aneurysms are 
presented in table 3. Variations were significantly greater 
in patients with aneurysms, though there was no differ-
ence in the average size of arteries in their CBAN.

Standard deviation and and coefficient of variation (CV) 
were calculated directly from the components of CBAN 
measured in mm and the relative size of the components 
of CBAN measurement provided significant logistic result 
with sensitivity approximately 80% and specificity 30% 
(table 4). Age of the patients in the current study ranged 
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distal to P2 segments and reduce the chances of devel-
oping aneurysms in PCA compared with ICA, MCA and 
AcomAC territories.
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