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ABSTRACT

Objectives The aim of this study was to establish

an anatomical index for early prediction of the risk of
development of aneurysms in anterior communicating
arterial complex (AcomAC). The asymmetric diameter

of one anterior cerebral artery (ACA) to other could alter
haemodynamics and may contribute to formation of
aneurysms in AcomAC and be a reliable predictor of the
risk of development of aneurysms.

Design and setting This is a retrospective, observational
and quantitative study, which used cerebral computed
tomography angiography (CCTA) scans in South Australia.
Participants CCTA scans of 166 adult patients of both
sexes were studied.

Main outcome measures The internal diameters of the
proximal segments of ACAs (A1s) were measured. Position
and presence or absence of aneurysms in AcomAC were
determined. The ratio of A1 diameters was taken as a
measure of A1 asymmetry.

Results The ratio of diameters of A1s correlated with

the occurrence of AcomAC aneurysms. The risk of
development of aneurysms in AcomAC was much greater
(80%, OR=47.3) when one A1 segment’s radius was at
least 50% larger (ie, 2.25 times cross-sectional area) than
the other.

Conclusion The general information on asymmetric A1
has been published previously. The present findings have
significant contribution since the A1s asymmetry ratios
have been categorised in ascending order and matched
with the presence of AcomAC aneurysms. The asymmetry
ratio of the A1 is a good predictor for the development of
AcomAC aneurysms. Reconstruction of the asymmetric A1
could be done if the technology gets advanced.

INTRODUCTION

Rupture of cerebral aneurysms causes
subarachnoid haemorrhages (SAH) leading
to high mortality and morbidity. The inci-
dence of SAH has been 10-36 per 100000
people per year and about 3/4 of them
resulted from spontaneous rupture of cere-
bral aneurysms.' * Large cerebral aneurysms
may also compress adjacent cranial nerves.”
The mortality and morbidity rates resulting
from ruptured cerebral aneurysms remain

,' Jaliya Kumaratilake,? David J Taylor,> Maciej Henneberg*

Key messages

What is already known about this subject?

» Relationship of asymmetry of A1 segment of ante-
rior cerebral artery (ACA) to the occurrence of an-
eurysms in anterior communicating arterial complex
(AcomAC) has been observed in literature but has
not been explained nor quantified.

What are the new findings?

» Asymmetry of the A1 of ACA was quantified, and a
mathematical model has been established to predict
the likelihood of developing AcomAC aneurysms de-
pending on the degree of asymmetry.

How might these results affect future

research or surgical practice?

» Patients with asymmetry of A1 found in their brain
scans should be closely followed up, because of the
high risk of developing aneurysms in the AcomAC
complex. Reconstruction of the asymmetric A1 can
be done to prevent the development of AcomAC an-
eurysms, if ethically justified.

high, with around one-third dying at the
time, one-third suffering a major stroke and
one-third making a reasonable recovery. An
aneurysm is a dilatation and outpouching
of the wall of a blood vessel.” ® The action
of fluctuating blood pressure on vascular
walls has been identified as the main cause
for the development of aneurysrns.7 The risk
of aneurysm rupture is 6-8 in 100000 per
year in most developed countries.® In South
Australia, where the total population is 1.7
millions, radiologists involved in the treat-
ment observed approximately 170 ruptured
aneurysm cases per year (ie, 1 in every 10000
cases per year). Another study revealed that
about 1 in 30 adults likely to have intracra-
nial aneurysms and in 25% of them, the
aneurysms could rupture and produce SAHs
or compression of surrounding structures.”
Anterior communicating artery complex
(AcomAC) has been the most common

BM)

Burlakoti A, et al. BMlJ Surg Interv Health Technologies 2020;2:000059. doi:10.1136/bmisit-2020-000059 1


http://bmjopen.bmj.com/
http://orcid.org/0000-0001-9317-6352
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjsit-2020-000059&domain=pdf&date_stamp=2020-11-08

location of ruptured cerebral aneurysms.” Unruptured
aneurysms have been observed in 2.8% of patients inves-
tigated by magnetic resonance (MR) angiography.
People with variations in cerebral arteries, particularly, in
anterior cerebral arterial (ACA) territory are thought to
be subjected to imbalance in cerebral blood flow leading
to cerebrovascular pathologies, including cerebral
aneurysms.''

Variations in cerebral basal arterial network have ranged
from missing arterial segments to asymmetry between
collateral arterial segments and the later was more
common.'? ¥ Some of the most variant and asymmetric
patterns of arteries were seen in relation to anterior cere-
bral and anterior communicating arterial territories.'’ '*
Fluctuation in arterial blood flow, and thus the blood pres-
sure, has been observed in asymmetric Al segments.”” '°
Such variations in blood flow could predispose the arterial
wall for aneurysmal dilatations.'”™* Genetics, smoking,
trauma and medications are factors that could weaken
the walls of arteries and predispose them to the devel-
opment of aneurysms, particularly when subjected to
alteration in haemodynamics or chronic hypertension.?
Prediction and early detection of aneurysms allow treat-
ment, thus could prevent or reduce the incidences of
cerebral stroke, including reoccurrences of aneurysms.
The aim of this research was to investigate the relation-
ship of asymmetry between Als and the development of
AcomAC aneurysms. As far as we know, no studies have
been done on quantifying and calculating the degree of
Al asymmetry to the occurrences of AcomAC aneurysms.
A method to predict the risk of occurrence of aneurysms
in AcomAC using the degree of asymmetry between right
and left Als has been established.

METHODS

Study design

Internal diameters of Als were measured on cerebral
CT angiography (CCTA) digital images obtained from
166 (80 males and 86 females) adult individuals (average
age=60 years, SD=16) (see online supplemental file 1).
The same images were used to determine the presence
or the absence of AcomAC aneurysms. The source of the
CCTA images were the Carestream (Vue RIS V.11.0.14.35)
database of the Royal Adelaide Hospital (RAH), Univer-
sity of Adelaide, South Australia. The CCTA images
were taken between January 2011 and December 2018.
Patient’s personal details have not been copied, docu-
mented or included in this research.

The CCTA images studied were those taken for the clin-
ical investigation of different cranial pathologies. These
included 51 cases out of 166 patients who had a history
of previously diagnosed cerebral aneurysms (see online
supplemental file 1).

Data collection and extraction
Data collection was carried out by the corresponding
author in consultation with radiologists from the RAH,

AcomAC aneurysm

Figure 1 Cerebral CT Angiography scan with AcomAC
aneurysm in coronal view, white line perpendicular to the
long axis of the vessel (A1 ACA) indicates measurement
site. A1 ACA, the first part of anterior cerebral artery;
AcomAC=anterior communicating arterial complex; ICA,
internal carotid artery; MCA, middle cerebral artery.

South Australia who were involved in patients’ care. Cases
with severe cerebral vasospasm diagnosed by radiologists
and recorded in the data system were excluded from
the study. The internal diameters were measured at the
midpoint of the left and right Als were measured perpen-
dicular to the long axis of the vessels at the narrowest
possible sites (in the coronal and axial CCTA images)
using image ] software (figure 1, online supplemental
figure 1 and online supplemental figure 2). Measure-
ments taken by the image ] software have been proven
accurate and reliable in previous studies.”” The reliability
and the accuracy of the measurements were confirmed by
repeating measurements of 30 cases at 15 months interval
by the same person and determined the intra-observer
errors (table 1 and online supplemental file 2). Compar-
ison of first and repeated measurements gave a 10%
relative technical error of measurement (rTEM) without
adjustment and less than 5% rTEM with minor correction
and adjustment (table 1 and online supplemental file 2).
These reliability and the accuracy calculations were statis-
tically acceptable.24

The selection of measurement sites was consistent
throughout the data collection. Data were taken only
from the electronic files stored in the Carestream soft-
ware at the RAH, University of Adelaide. Occurrence of
AcomAC aneurysms with or without the presence of aneu-
rysm elsewhere and prior history of aneurysms anywhere
in the brain were included from each individual case.

The asymmetry ratios of right and left or left and right
(ie, bigger to smaller ratio) Al arteries were computed
for all 166 CCTA cases (see online supplemental file 1).
The calculated bigger to smaller Al asymmetry ratios
were categorised into three groups (ie, mild to moderate
asymmetry <1.5, substantial asymmetry >1.5to <2and

2 Burlakoti A, et al. BMJ Surg Interv Health Technologies 2020;2:€000059. doi:10.1136/bmijsit-2020-000059


https://dx.doi.org/10.1136/bmjsit-2020-000059
https://dx.doi.org/10.1136/bmjsit-2020-000059
https://dx.doi.org/10.1136/bmjsit-2020-000059
https://dx.doi.org/10.1136/bmjsit-2020-000059
https://dx.doi.org/10.1136/bmjsit-2020-000059
https://dx.doi.org/10.1136/bmjsit-2020-000059
https://dx.doi.org/10.1136/bmjsit-2020-000059
https://dx.doi.org/10.1136/bmjsit-2020-000059
https://dx.doi.org/10.1136/bmjsit-2020-000059

Table 1 Accuracy and reliability of the measurements of the first part of the anterior cerebral artery (A1) in cerebral CT

angiography (CTA) scans

Technical error of
measurement (TEM) Relative TEM (rTEM)

Reliability (R) in mm in %
Repeat A1 measurement in axial CTA images (not adjusted®) 0.93 0.24 11.00
Repeat A1 measurement in axial CTA images (adjusted®) 0.98 0.12 5.39
Repeat A1 measurement in axial and coronal CTA images (adjusted”)  0.98 0.10 4.77
Repeat A1 measurement in coronal CTA images (not adjusted) 0.94 0.22 10.45
Repeat A1 measurement in coronal CTA images (adjusted®) 0.96 0.14 6.55

The coefficients of variation of the measurements (rTEM) are presented. Reliability is the correlation among the previous first

measurement done in coronal and axial CTA slices and the second measurement performed in axial and coronal cerebral CTA after 15
months of the initial measurement taken of the same artery, computed tomography = CT, A1=first part of anterior cerebral artery, n=30
*Adjustment made by excluding two outliers from the previous and the corresponding repeat measurements of right A1 (file supplied in

online supplemental file 2).

severe asymmetry =2, (table 2 and online supplemental
file 3). The rationale for this classification was for easy
application and interpretation. The diameter (and hence
also the radius) ratio of 1.5 corresponds to the 2.25 times
difference in the cross-sectional area of the vessel’s lumen,
while the ratio of 2.0 reflects four times difference in the
cross-sectional area of the vessel lumen.

STATISTICAL ANALYSIS

A cross-sectional observational design and SPSS V.25
(IBM) program were used in the study. Measurement
error analysis has been described in table 1. In the main
analysis, non-parametric statistics () were used and ORs
were calculated to observe the strength of association

between the Al asymmetries and the AcomAC aneurysms
(table 2 and online supplemental file 3).

RESULTS

The asymmetry ratios of right and left Al segments of
ACA together with the presence and absence of AcomAC
aneurysms are presented in table 2, and online supple-
mental files 1 and 3 (in ascending order, n=166). Among
141 patients with mild to moderate Al asymmetry (<1.5),
11 had AcomAC aneurysms. Out of 13 patients with
substantial asymmetry (>1.5to< 2.0), 10 had AcomAC
aneurysms. In 12 patients with severe type of asymmetric
ratios (>2.0), 10 were affected with AcomAC aneurysms

Table 2 Probability (out of 1.00) to have anterior communicating artery complex aneurysms in relation to the degree of right

and left asymmetricity of A1 ACA

AcomA
A1 asymmetry ratio (right and left bigger to smaller complex 2 (asymptotic
A1) aneurysm significance); p
No Yes Total % Chance OR value
No of cases; n=166
Mild to moderate (<1.5) 130 11 141 7.8 0.02 0.0001
Substantial to severe (>1.5) 5 20 25 80.0 47.3 0.0001
Total 135 31 166
No of cases without history of aneurysm (n=115)
Mild to moderate (<1.5) 93 7 100 7.0 0.027 0.0001
Substantial to severe (>1.5) 4 11 15 783 36.53 0.0001
Total 97 18 115
No of cases with history of aneurysm (n=51)
Mild to moderate (<1.5) 37 4 41 9.6 0.012 0.0001
Substantial to severe (>1.5) 1 9 10 90.0 83.25 0.0001
Total 38 13 51
n=166, without history of aneurysms (n=115), with the previous history of aneurysm (n=51).
A1 ACA, first segment of the anterior cerebral artery; AcomA, anterior communicating artery.
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Table 3 Presence or absence of anterior communicating artery complex (AcomAC) aneurysms and cerebral aneurysms

elsewhere in the current study

Presence or absence of

AcomAC region

aneurysms Yes No Total
Total no of cases; n=166

Aneurysms elsewhere in the cerebrum Yes 9 68 77
No 22 67 89
Total 31 135 166

Cases without history of aneurysm (n=115)

Aneurysms elsewhere in the cerebrum Yes 3 30 33
No 15 67 82
Total 18 97 115

Cases with history of aneurysm (n=51)

Aneurysms elsewhere in the cerebrum Yes 38 44
No 7 0 7
Total 13 38 51

n=166; without history of aneurysms, n=115; and with the previous history of aneurysm, n=51.

(table 2, online supplemental file 3). Among the people
with Al asymmetry ratios of less than 1.5 just 7.8% had
aneurysms while in those with ratios of >1.5to <2and >2,
the risks of developing AcomAC aneurysm were 77% and
83%, respectively. In summary, patients with asymmetry
ratios greater than 1.5 had 80% risk of developing aneu-
rysms (OR=47.3), while those with asymmetry ratios below
1.5 had 7.8% AcomAC aneurysms (OR=0.02), (table 2,
online supplemental files 1, 3 and 4).

The chances of developing AcomAC aneurysms in the
presence of substantial and severe Al asymmetries were
statistically similar between people with or without a
previous history of aneurysms (table 2 and online supple-
mental file 3). In patients with no previous history of
aneurysms (n=115), the incidences, risks and ORs (table 2
and online supplemental file 3) of AcomAC aneurysms
were similar to the entire sample and to the patients with
previous history of aneurysm.

The prevalence of AcomAC aneurysms between sexes
and among age groups was statistically not different. Alto-
gether, 31 out of 166 cases had AcomAC aneurysms and
77 out of 166 cases had cerebral aneurysms elsewhere (ie,
other than the AcomAC aneurysm). Seven out of 11 cases
with AcomAC aneurysms that had only mild asymmetry
of Al also had aneurysms elsewhere in the brain other
than AcomAC location (table 3). However, there was no
significant relationship between the presence of AcomAC
aneurysms and aneurysms elsewhere in the brain (x* 3.7,
p=0.05). Furthermore, statistical relationship between
Al asymmetricity and the presence of cerebral aneu-
rysms elsewhere was not found (p>0.05). All patients with
AcomAC aneurysms had 1.66 median asymmetry ratio,
while the patients without the presence of AcomAC aneu-
rysms had 1.09 median asymmetry ratio. The median Al

asymmetry ratio for all the cases included in this study was
just 1.10 (table 3, online supplemental files 1 and 3).

DISCUSSION

The current study quantified for the first time, Al asym-
metry and the likelihood of occurrences of AcomAC
aneurysms. Previously the co-occurrence of AcomAC
aneurysms with Al asymmetry has been observed but not
quantified."" ®*° The study included random CCTA cases
accessing the data at a specialised tertiary centre. Obvi-
ously, we would assume to see cases of suspected cerebral
pathologies in a specialised tertiary medical centre. We
examined fairly a large number of 166 CTA evaluating
individual Al asymmetry and aneurysms. The findings
(OR and risk percentage) on Al asymmetry ratio (=1.42)
were extremely significant in relation to the AcomAC
aneurysms.

The findings of the study indicate that, the prevalence
of aneurysms in AcomAC was greater with increasing
asymmetry between left and right Als (table 2 and online
supplemental file 3). The asymmetry ratio of 1.5 indicates
that the cross-sectional area of an Al segment is twice as
large as that of the other one (1.5*=2.25). Furthermore,
such asymmetry would likely to have significant haemo-
dynamic effects that could produce 80% risk of AcomAC
aneurysms (table 2, online supplemental file 3 and online
supplemental file 4). The exact mechanism involved in
causing aneurysms in AcomAC is not well understood.?’
The development of aneurysm could be due to the
altered haemodynamics resulting from the increased
blood flow and the greater peak systolic pressure in the
larger ACA."™ *7 ** Imbalanced haemodynamics origi-
nating from the larger ACA may weaken and dilate the
wall of the AcomAC at branching points, resulting in an
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aneurysmal formation.'**' * Thus, the extent of the asym-
metry in Als may allow to predict the occurrence of the
AcomAC aneurysms. Current sample included patients
presenting with various cerebral problems, including
strokes and aneurysms. However, when patients were
divided into two subsamples: those with a history and
without known history of aneurysms, the results did not
differ significantly between these sub samples (table 2 and
online supplemental file 3). This lack of difference indi-
cates that prior history of aneurysms did not influence
the overall results of the study. Therefore, the observed
correlation between asymmetry of Als and AcomAC
aneurysms is independent of the prior history of any cere-
bral aneurysms, because in the current sample there is no
correlation between presence of AcomAC aneurysms and
aneurysms elsewhere ((table 2 and online supplemental
file 3).

The Al asymmetry ratio was just below 1.5 in 11 out of
31 AcomAC aneurysms cases. However, 3 out of those 11
cases had Al asymmetry ratios of more than 1.42 (indi-
cating double the cross-sectional area of one Al artery
compared with the other). Furthermore, all others (ie,
8 out of those 11 cases with asymmetry ratio below 1.5)
had asymmetry ratios above the median of 1.09 and
represented the ‘mild to moderate asymmetry’ category.
Seven of those 11 cases had also aneurysms elsewhere
(tables 2 and 3 and online supplemental file 3). These
may indicate that causes for the development of AcomAC
aneurysms in the lower Al asymmetry (<1.40) cases may
be because of the quality of vessel’s walls and high blood
pressure, in addition to altered haemodynamics resulting
from the asymmetry.

Since the CCTA data were taken from the specialised
medical centre, it is true that we get to see symptomatic
individuals with different pathologies. That approach is
even better to see the connection between Al asymmetry
and the presence or absent of aneurysms rather than
trying to scan many innocent people in the community,
exposing them to the radiation unnecessarily. Modifiable
known risk factors, such as history of smoking and hyper-
tension were not quantified in this study. These could
have been supplementary factors promoting AcomAC
aneurysms, however, literature suggests hypertension is
not related to the cerebral aneurysms.?’0 Furthermore,
there is no reason to assume that Al asymmetry is related
to the smoking and hypertension. This research found a
coincidence of Al asymmetry and AcomAC aneurysms.
This coincidence could result from: (A) AcomAC aneu-
rysm altering the blood flow and remodelling the size
of Al segments, (B) Asymmetry of Al arteries causing
altered blood flow in AcomAC and affecting the walls
and producing the aneurysm. Remodelling of the size
of arteries in the vicinity or proximal to an aneurysm is
not known, therefore, it is more likely that Al asymmetry
causes aneurysms. A longitudinal prospective study would
likely confirm vessel asymmetry as the cause of aneu-
rysms rather than the reverse. We are not aware of such
a study being conducted and there may be significant

ethical impediments. Treatment and the management of
patients after strokes are costly to the affected family as
well as to the country. A multinational study has shown
that, the cost of management of a patient after a stroke
ranged from US$18 538-US$228038.%' The procedure of
treatment of unruptured aneurysms is safe, and the risk
of development of stroke is approximately 3% and the
mortality is less than 1%, therefore, there is great advan-
tage in identifying and treating aneurysms before they
rupture.”**

The ability to predict the likelihood of the develop-
ment of aneurysms in AcomAC using the asymmetry ratio
between right and left Als could enhance the viability of
a national screening programme.

Undertaking CCTA screening in the general popula-
tion is not recommended due to ethical reason. However,
if Al asymmetry is noticed in cranial investigation done
for other reasons, clinicians should be cautious as it could
indicate the possibility of future development of aneu-
rysms. Therefore, MRI screening of older individuals
may be beneficial, and has been recommended.”” These
findings make significant contribution to existing knowl-
edge, since the Al asymmetry index has been categorised
in ascending order and matched with the presence or
absence of AcomAC aneurysms in each of the 166 cases.
This type of study has not been done before. General
anatomical variations of Al could be corrected with the
advancement of medical and surgical technologies. This
would prevent unequal blood flow and pressure contrib-
uting to the occurrences of AcomAC aneurysms. Patients
who have Al asymmetry (especially the Al asymmetry
with >1.42) on scans should be monitored regularly by
follow up imaging and angiograms. Reconstruction of
Al asymmetry is a future possibility with technological
advancement.

CONCLUSION

The asymmetry of the diameters of Als should be routinely
assessed in all patients undergoing cerebral imaging,
which includes these vessels. Patients with asymmetry
of the Al should be closely followed up, because of the
high risk of development of aneurysms in the AcomAC
complex. Reconstruction of the asymmetric Al could be
done if the technology gets advanced in the future.
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