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Objective: It remains unclear whether irregular morphological features of intracranial
aneurysms (IAs) are associated with atherosclerosis. We investigated the effect of cerebro-
vascular atherosclerosis stenosis (CAS) on irregular morphology of IAs.

Patients and Methods: This single-center case-control study included consecutive patients
with IAs at our institution from September 2011 to September 2018. Cases were patients
with irregular IAs, and age- and location-matched controls were patients with regular IAs.
Conditional logistic regression models were used to assess the relationship between angio-
graphic variables of CAS and aneurysmal irregularity.

Results: A total of 140 cases of irregular IAs and 140 controls were included in the analysis.
Sixteen patients with irregular IAs (11.4%) and eleven patients with regular [1As (7.9%) had
>50% parent artery stenosis; however, the differences were not statistically significant between
these two groups. In addition, no significant between-group differences were observed in
distributions of the cerebrovascular stenosis, number of arterial stenoses, and location of the
stenosis. In the final adjusted conditional logistic regression model, only aneurysm size
(>7 mm) was significantly associated with irregular IA morphology (P = 0.022). Moreover,
89 cases of irregular IAs and 89 controls were included in the analysis of unruptured IAs
(UIAs). In the final adjusted conditional logistic regression model, only aneurysm size
(=7 mm) was significantly associated with irregular UIA morphology (P = 0.020).
Conclusion: Our findings indicate that the morphological irregularity of unruptured intra-
cranial aneurysms is more related with aneurysm size rather than cerebrovascular athero-
sclerosis. Further studies are needed to use prospective data to identify causative factors
responsible for aneurysmal irregularity.

Keywords: atherosclerotic stenosis, intracranial aneurysms, irregular morphology, risk

factors, aneurysm size

Introduction

Intracranial aneurysm (IA) is an abnormal focal dilation of an artery in the brain
and is the result of arterial wall degeneration. IA rupture is often a lethal and
highly disabling event. Irregular morphology is a significant independent pre-
dictor of IA rupture,’ and 17-76% of IAs have been demonstrated to have
irregular morphology.>* A wide range of morphological changes in the aneurysm
wall has been demonstrated, including irregularity of aneurysm wall during the
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pre-stage of lobulation and the presence of multilobu-
lated aneurysms. Notably, studies have indicated that
atherosclerosis is associated with morphological changes
causing fibrous tissue deposition.*> A systematic review
in autopsy and angiography studies investigating the
prevalence of incidental aneurysms reveals that athero-
sclerotic diseases seem to increase the risk of incidental
addition, the
Symptomatic Carotid Endarterectomy Trial found that

aneurysms.® In North  American
3.1% of patients with carotid stenosis had cerebral
aneurysms,’ possibly because atherosclerotic diseases
and intracranial aneurysms share common risk factors.
However, few studies have examined whether athero-
sclerosis leads to morphological changes in aneurysmal
walls. It remains unclear whether irregular morphologi-
cal features, such as lobulation and/or daughter sac, are
associated with atherosclerosis.

In this case-control study, we investigated the effects of
cerebrovascular atherosclerosis stenosis (CAS) on the for-
mation of irregular IA morphology using quantitative indi-
cators of CAS, such as the severity of stenosis, parent
artery stenosis, number of stenosis cerebral arteries, and
location of cerebrovascular stenosis. The findings would
lead to a more detailed understanding of the relationship
between CAS and irregular morphology of IAs and help to
identify factors affecting morphological changes in aneur-
ysmal walls.

Patients and Methods

Patient Selection

This study was approved by the Medical Ethics Committee
of Beijing Hospital, and its protocol was in accordance
with the principles of the Declaration of Helsinki. This
single-center case-control study included consecutive
patients with IAs evaluated or treated at our institution
from September 2011 to September 2018. Subjects were
divided into the following two groups: patients with irre-
gular IAs (cases) and those with regular IAs (controls).
One control was randomly selected from the patients with
regular IAs and was matched to each patient with an
irregular 1A based on age (<50, 50-70, or >70 years old)
and the location of [As. Locations of [As were divided into
internal carotid-posterior communicating artery, anterior
communicating artery, middle cerebral artery, internal car-
otid artery, basilar tip and basilar-superior cerebellar
artery, vertebral artery-posterior inferior cerebellar artery
and vertebrobasilar junction, and anterior cerebral artery.

The exclusion criteria included: (1) dissecting, fusi-
form, traumatic, mycotic, or partially thrombosed aneur-
ysms; (2) aneurysms without readable and clear three-
dimensional rotational angiography allowing an evaluation
of lesion geometry and morphology; (3) aneurysms asso-
ciated with cerebral arteriovenous malformation, arterio-
venous fistula, or moyamoya disease.

Data Collection and Definitions
All aneurysms were diagnosed by digital subtraction
angiography (DSA). Morphological features and stenosis
were assessed using images from 2D/3D DSA by three
experienced readers who worked in our center. Three
interventional neuroradiologists (DM W, LJ W, and P Q)
in this study had more than 10 years of experience.
Shape was classified as irregular when small bleb(s) or
secondary aneurysm(s) were protruding from the saccular
intracranial aneurysm fundus in any angiography image
projection, or when the aneurysm fundus was clearly bi- or
multilobular.® Each reader made his morphological assess-
ment independently, and the final assessment was deter-
mined by results agreed by two or three readers.
Angiographic variables for CAS included the severity
of atherosclerosis stenosis (less than 50%, 50-70%, or
70% or more), number of arteries with stenosis (single or
multiple), parent arterial stenosis (less than 50%, 50-70%,
or 70% or more), and location of stenosis (anterior or
posterior circulation). Extracranial artery stenosis was
defined as >50%
American Symptomatic Carotid Endarterectomy Trial

stenosis according to the North

(NASCET) criteria.” Anatomic severity of intracranial
artery stenotic lesions was determined as >50% stenosis
according to the Warfarin-Aspirin
Intracranial Disease (WASID) method."’

We measured the aneurysm size, width, neck size

Symptomatic

(mm), aspect ratio (AR), and location. The AR was
defined as the height of an aneurysm compared with its
average neck size. Bifurcation aneurysms were defined as
aneurysms that were located at parent artery bifurcations
and therefore originated from more than one parent vessel
(internal carotid artery terminus, internal carotid-posterior
communicating artery, middle cerebral artery bifurcation,
anterior communicating artery, and apex of the basilar
artery).

We investigated other potential risk factors modulating
aneurysm morphology. Social-demographic characteris-
tics included age and sex. Clinical characteristics included
cardiac comorbidities

(coronary artery disease or
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myocardial infarction); history of cerebral ischemic
events (transient ischemic attack, amaurosis fugax, or
stroke); hypertension, hypercholesterolemia, or diabetes
mellitus (patient or medical records indicated hyperten-
sion, hypercholesterolemia, or hyperglycemia, for which
drug treatment, lifestyle, or other approaches had been
provided); alcohol use (current or previous intake >5
drinks per day); and family history of IAs. Current smo-
kers were defined as patients who smoked at the time of
treatment or smoked >100 cigarettes during the past year.
Former smokers were defined as patients who had smoked
>100 cigarettes but had not smoked during the past year."'

Statistical Analyses

Statistical analyses were performed using SPSS Statistics for
Windows (Version 23.0; IBM Corp, Armonk, New York,
US). Continuous variables were analyzed using the
Student’s ¢-test or Mann—Whitney U-test. Categorical vari-
ables were analyzed using Fisher’s exact test or the Pearson
chi-square test. Associations between CAS and irregular
shapes were assessed using Fisher’s exact test or the linear-
by-linear association test. Because our study was performed
on matched samples, the Cochran-Mantel-Haenszel test was
also performed. Variables with P values of <0.20 in the
univariate logistic regression analysis were evaluated in the
multivariate analysis. Because the samples were matched,
we used conditional logistic regression to calculate univari-
ate and multivariate odds ratios (ORs) with 95% confidence
intervals (CI). A P-value < 0.05 was considered statistically
significant.

Results

Patient Selection

A total of 468 patients with 638 IAs were evaluated or
treated at our institution during the study period. After
applying our exclusion criteria, 336 patients with 507
unruptured or ruptured [As (147 irregular and 360 regular
IAs) were included in this study. However, seven patients
with irregular [As did not have matched controls.
Consequently, our study population was composed of
140 patients with regular IAs and 140 patients with irre-
gular TAs. Table 1 shows the distribution of demographic
and clinical characteristics in both groups.

Among the 507 IAs, 383 were unruptured [As (UIAs),
including 95 irregular UIAs. However, six cases of irregular
UlAs did not have matched controls. Consequently, 89 cases
of regular UIAs and 89 cases of irregular UIAs were

Table | Distribution of Age, Sex and Locations of Cases and
Controls

Characteristics Cases Controls
Number 140 140
Female, n(%) 93(52.0%) 86(48.0%)
Male, n(%) 47(46.5%) 54(53.5%)
Rupture aneurysm 37(26.4%) 50(35.7%)
Age(years)

Mean + SD 60.2+12.4 59.0£10.2
<50 25(17.9%) 25(19.9%)
50-70 92(65.7%) 92(65.7%)
270 23(16.4%) 23(16.4%)

Locations of aneurysms, n(%)

ICA 43(30.7%) 43(30.7%)
ACOM 23(16.4%) 23(16.4%)
PCOM 32(22.9%) 32(22.9%)
ACA 2(1.4%) 2(1.4%)

MCA 22(15.7%) 22(15.7%)
PC 18(12.9%) 18(12.9%)

Abbreviations: SD, standard deviation; PCOM, internal carotid-posterior com-
municating artery; ACOM, anterior communicating artery; MCA, middle cerebral
artery; ICA, internal carotid artery; PC, basilar tip and basilar-superior cerebellar
artery and vertebral artery-posterior inferior cerebellar artery and vertebrobasilar
junction; ACA, anterior cerebral artery.

included in this study. Table 2 shows the distribution of

demographic and clinical characteristics in these two groups.

Table 2 Distribution of Age, Sex and Locations of Cases and
Controls in Unruptured |1As

Clinical Interventions in Aging 2021:16

Characteristics Cases Controls

Number 89 89

Female, n(%) 57(64.0%) 51(57.3%))

Age(years)

Mean + SD 59.8+11.7 60.2+12.4
<50 15(16.9%) 15(16.9%)
50-70 61(68.5%) 61(68.5%)
270 13(14.6%) 13(14.6%)

Locations of aneurysms, n(%)

ICA 31(34.8%) 31(34.8%)
ACOM 15(16.9%) 15(16.9%)
PCOM 18(20.2%) 18(20.2%)
ACA I(1.1%) 1(1.1%)
MCA 13(14.6%) 13(14.6%)
PC 11(12.4%) 11(12.4%)
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Association Between CAS and Irregular

and entered the stepwise forward selection for the condi-

Shapes of Unruptured and Ruptured IAs tional logistic model: alcohol use (P = 0.117), multiple

Table 3 shows the frequency and odds of risk factors in
patients with irregular and regular IAs. The following

covariates met the predetermined level of significance

aneurysms (P = 0.055), aneurysm size (P < 0.001), loca-
tion of bifurcation (P = 0.086), and parent arteries with
70% or more stenosis (P = 0.086). No significant

Table 3 Frequency and Odds of Vascular Risk Factors in Cases Compared to Controls

Characteristics Controls Cases P-value OR (95% CI)
Number 140 140
Smoking status

Nonsmoker 115(82.1%) 106(75.7%) Reference Reference

Former smokers 22(15.7%) 30(25.4%) 0.564 1.4(0.54.1)

Current smokers 3(2.1%) 4(2.9%) 0.7 0.7(0.3-6.5)
Alcohol use 11(8.0%) 19(13.5%) 0.117 1.9(0.84.1)
Hypertension 91(65.0%) 93 (66.4%) 0.801 1.1(0.7-1.7)
Hyperlipidemia 27(19.3%) 34(24.3%) 0311 1.3(0.2-2.4)
Diabetes mellitus 12(8.1%) 14(10.0%) 0.680 1.2(0.5-2.7)
Cerebral ischemic comorbidities 23(16.4%) 24(17.3%) 0.852 1.1(0.6-2.0)
Cardiac comorbidities 18(13.2%) 12(8.7%) 0.229 0.6(0.3—1.4)
Previous SAH 9(6.4%) 6(4.3%) 0.426 0.7(0.2-1.9)
Multiplicity 84(60.0%) 68(48.6%) 0.055 0.6(0.4-1.0)
Aneurysm size27mm 25(17.9%) 51(36.4%) <0.001 1.5(1.1-2.2)
Bifurcation 79(56.4%) 93(66.4%) 0.086 1.5(0.9-2.5)
Cerebrovascular stenosis 20(9.4%) 12(8.7%) 0.799 1.1(0.5-2.3)
stenosis, n(%)

No or less than 50% 107(76.4%) 102(72.9%) Reference Reference

50-70% 16(11.4%) 18(12.9%) 0.750 1.1(0.7-1.8)

= 70% 17(12.1%) 20(14.3%) 0.676 1.1(0.7-1.8)
Parent artery stenosis

No or less than 50% 129(92.1%) 124(88.6%) Reference Reference

50-70% 6(4.3%) 9 (6.4%) 0.509 1.5(0.5-4.8)

= 70% 5(3.6%) 7(5.0%) 0.086 2.5(0.9-7.0)
Number of stenosis cerebral arteries artecerebralvascular

No or less than 50% 107(76.4%) 102(72.9%) Reference Reference

Single 24(17.1%) 20(14.3%) 0.771 0.9(0.6—-1.5)

Multiple 9(6.4%) 18(12.9%) 0.222 1.4(0.8-2.3)
Location of cerebralvascular stenosis

No or less than 50% 107(76.4%) 102(72.9%) Reference Reference

Anterior circulation 16(11.4%) 16(11.4) 0.928 1.0(0.6-1.7)

Posterior circulation 10(7.1%) 10(7.1%) 0.942 1.0(0.5-2.0)

Anterior and Posterior circulation 7(5.0%) 12(8.6%) 0.398 1.3(0.7-2.4)

Notes: ORs show results of Cochran-Mantel-Haenszel test for cases vs controls or unadjusted conditional logistic regression results. The P-values are results of Pearson

chi-square tests.
Abbreviation: OR, odds ratio.
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Figure | The distribution of the severity of atherosclerosis stenosis in the irregular and regular groups.

association was found between the severity of athero-
sclerosis stenosis (less than 50%/50-70%), number of
arteries with stenosis (single/multiple), or location of ste-
nosis (anterior/posterior circulation) and the risk of forma-
tion of irregular shapes of unruptured and ruptured IAs.
The distribution of the severity of atherosclerosis steno-
sis, number of arteries with stenosis, and location of the
stenosis in the irregular and regular groups are shown in
Figures 1-3. Patients with irregular IAs had more severe
parent artery stenosis (Figure 1). Nine patients with irregular

Regular

Irregular

0% 10% 200 30% 40%

S50% 60% 70% 80% 90%

IAs (6.4%) had 50-70% parent artery stenosis, and seven
patients with irregular IAs (5%) had 70% or more parent
artery stenosis. Six patients with regular I1As (4.3%) had
50-70% parent artery stenosis, and five patients with regular
IAs (3.6%) had 70% or more parent artery stenosis. No
statistically significant difference was observed between
the regular and irregular groups (50-70%, P = 0.750;
>70%, P = 0.086). Similar results were observed in the
distribution of the severity of atherosclerosis stenosis, num-
ber of arteries with stenosis (Figure 2), and location of the

W No or less than 50%
B Single
| Multiple

100%

Figure 2 The distribution of number of arteries with stenosis, and location of the stenosis in the irregular and regular groups.
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Figure 3 The distribution of location of the stenosis in the irregular and regular groups.

stenosis (Figure 3) in the regular and irregular groups, and
the differences were not statistically significant between
these two groups.

The conditional logistic regression analysis revealed
that only aneurysm size (=7 mm) was significantly asso-
ciated with irregular IA morphology (OR, 1.5; 95% CI,
1.1-2.1; P = 0.022) after adjusting for alcohol use, multi-
ple aneurysms, location of bifurcation, and parent arteries
with >70% stenosis.

Association Between CAS and Irregular
Morphology of UlAs

Table 4 shows the frequency and odds of risk factors in
irregular and regular UIA patients. The following covariates
met the predetermined level of significance and entered the
stepwise forward selection for the conditional logistic
model: alcohol use (P = 0.136), multiple aneurysms (P =
0.132), aneurysm size (P <0.001), cerebral ischemic comor-
bidities (P = 0.117), and parent arteries with 70% or more
stenosis (P = 0.086). We did not detect significant associa-
tions between parent artery stenosis, severity of athero-
sclerosis stenosis (less than 50%/50-70%), number of
arteries with stenosis (single/multiple), or location of steno-
sis (anterior/posterior circulation) with the risk of the forma-
tion of irregularly shaped UlAs.

Patients with irregular UIAs had more severe parent
artery stenosis. Eleven patients with irregular UIAs
(12.3%) had more than 50% parent artery stenosis, and

four patients with regular UIAs (4.7%) had more than 50%
parent artery stenosis; however, no statistically significant
differences were observed between these two groups (50—
70%, P = 0.434; >70%, P = 0.229). Similar results were
noted in the distribution of the severity of atherosclerosis
stenosis, number of arteries with stenosis, and location of
the stenosis in the regular and irregular UIA groups, and
the differences were not statistically significant between
these two groups either.

The conditional logistic regression analysis revealed
that only aneurysm size (=7 mm) was significantly asso-
ciated with irregular morphology of UIAs (OR, 1.5; 95%
CI, 1.1-2.1; P = 0.020) after adjusting for alcohol use and
multiple aneurysms.

Discussion

Aneurysms presenting with irregular shapes have a higher
risk of rupture than those with regular spherical shapes.'?
The irregular intracranial aneurysmal morphology usually
includes daughter sac, lobulation, or other irregular shapes.
Morita et al found that aneurysms with daughter sac were
associated with a higher rate of rupture than those with
smooth wall.'*> Notably, multilobulated aneurysms are the
most frequently reported aneurysms among ruptured
aneurysms, followed by aneurysms with single sac with
irregular margin, daughter sac, and single sac with smooth
margin (44.9%, 25.9%, 18%, and 11.2%, respectively).’
However, the precise factors contributing to the formation
of IAs are unclear. One common feature of saccular IAs is
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Table 4 Frequency and Odds of Vascular Risk Factors in Cases Compared to Controls in Unruptured |As

Characteristics Controls Cases P-value OR (95% CI)
Number 89 89
Smoking status

Nonsmoker 115(82.1%) 106(75.7%) Reference Reference

Former smokers 22(15.7%) 30(25.4%) 0.770 0.9(0.6—1.4)

Current smokers 3(2.1%) 4(2.9%) 0.704 1.1(0.7-1.7)
Alcohol use 6(6.7%) 12(13.4%) 0.136 2.2(0.8-6.0)
Hypertension 91(65.0%) 93 (66.4%) 0.630 1.2(0.6-2.2)
Hyperlipidemia 21(23.6%) 28(31.5%) 0.240 1.5(0.8-2.9)
Diabetes mellitus 9(9.1%) 13(14.6%) 0.362 1.5(0.6-3.8)
Cerebral ischemic comorbidities 19(21.3%) 11(12.5%) 0.117 0.6(0.2—1.2)
Cardiac comorbidities 18(13.2%) 12(8.7%) 0.229 0.6(0.3-1.4)
Previous SAH 6(6.7%) 4(4.5%) 0.515 0.7(0.2-2.4)
Multiplicity 54(60.7%) 44(49.4%) 0.132 0.6(0.4-1.1)
Aneurysm size27mm 15(16.9%) 38(42.7%) <0.001 3.7(1.8-7.4)
Bifurcation 47(52.8%) 55(61.8%) 0.225 1.4(0.8-2.6)
Cerebralvascular stenosis 20(9.4%) 12(8.7%) 0.799 1.1(0.5-2.3)
stenosis, n(%)

No or less than 50% 71(79.8%) 63(70.8%) Reference Reference

50-70% 4(4.5%) 12 (13.5%) 0.750 1.1(0.7-1.8)

= 70% 12(15.7%) 12(15.7%) 0.676 1.1(0.7-1.8)
Parent artery stenosis

No or less than 50% 85(95.5%) 78(87.6%) Reference Reference

50-70% 3(3.6%) 6 (6.7%) 0.434 1.4(0.6-3.2)

= 70% 1(1.1%) 5(5.6%) 0.229 1.7 (0.7-4.3)
Number of stenosis cerebral arteries artecerebralvascular

No or less than 50% 71(79.8%) 63(70.8%) Reference Reference

Single 10(11.2%) I (12.4%) 0.741 1.1(0.6-2.1)

Multiple 8(9.0%) 15(16.9%) 0.255 1.4(0.8-2.4)
Location of cerebrovascular stenosis

No or less than 50% 71(79.8%) 63(70.8%) reference reference

Anterior circulation 6(6.7%) 9(7.9%) 0.494 1.3(0.6-2.6)

Posterior circulation 6(6.7%) 7(10.1%) 0.733 1.1(0.5-2.5)

Anterior and Posterior circulation 6(6.7%) 10(11.2%) 0.403 1.3(0.7-2.6)

Notes: ORs show results of Cochran-Mantel-Haenszel test for cases vs controls or unadjusted conditional logistic regression results. The P-values are results of Pearson

chi-square tests.
Abbreviation: OR, odds ratio.

the atherosclerotic change within the aneurysm wall.*
Killer-Oberpfalzer et al'* and Kosierkiewicz et al'
demonstrated that atherosclerotic lesions were present in
all saccular IAs, and advanced atherosclerosis with diffuse
intimal thickening (proliferating smooth muscle cells) and

macrophages/lymphocytes were noted in both the smallest
and largest aneurysms. In addition, Mizoi et al observed
thick-walled large aneurysms (>10 mm) with irregular
surfaces, on which whitish/yellowish atherosclerotic pla-
ques obstructed the visualization of blood.'® Some studies
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found that an irregular shape was significantly related to
UIA wall enhancement, which may indicate more athero-
sclerotic plaque formation.'”'® Daizo et al performed
a prospective study and found that higher luminal concen-
trations of lipoprotein(a) in the aneurysm sac were signifi-
cantly associated with increased wall enhancement of
UIAs, which confirmed that atherosclerotic remodeling of
the aneurysm wall may be associated with aneurysm
sac.’?! However, in this present study, we found no
association between CAS features (cerebrovascular steno-
sis, number of arteries with stenosis, parent arteries steno-
sis, and location of stenosis) and the formation of irregular
morphology of IAs.

Alexei et al found that computational fluid dynamic and
fluid—structure interaction simulations identified a synergetic
effect of high stenosis of parent artery in inducing greater
aneurysm inflow velocity and deeper jet penetration, greater
dome pressure, and greater tensile stress in the aneurysm
wall.?® Chakravarty et al also found that the wall shear stress
and several time-variant patterns of streamlines and vorticity
contours of the flow phenomena are highly influenced by the
severity of the stenosis and the angle of bifurcation.?* In this
study, we observed that patients with irregular IAs had more
severe parent artery stenosis (Tables 2 and 4). Analysis of
ruptured and unruptured [As revealed that 16 patients with
irregular IAs (16.4%) and 11 patients with regular IAs
(7.9%) had more than 50% parent artery stenosis. Analysis
of UlAs indicated that 11 patients with irregular UIAs
(12.3%) and 4 patients with regular UIAs (4.7%) had more
than 50% parent artery stenosis. However, the differences

were not statistically significant between the regular and
irregular groups. Further, we observed that patients with
irregular IAs tended to have more severe CAS. Analysis of
ruptured and unruptured IAs revealed that 38 patients with
irregular 1As (27.2%) and 33 patients with regular IAs
(23.5%) had more than 50% CAS, and the same trend was
also observed in the analysis of UIAs; however, these differ-
ences were not statistically significant between the regular
and irregular groups. The slight increase in atherosclerosis
stenosis may be related to hemodynamic changes, such as
faster blood flow in the stenotic parent artery. Another
possible reason is that the severity of parent artery stenosis
only partially reflects the severity of atherosclerosis in the
aneurysm wall.

Gu et al found that the volume change rate and AR were
independent correlative factors for the formation of IAs
with irregular shapes.? In this study, the conditional logistic
regression analysis revealed that only aneurysm size
(>7 mm) was significantly associated with irregular IA
morphology (OR, 1.5; 95% CI, 1.1-2.1; P = 0.022) after
adjusting for alcohol use, multiple aneurysms, location of
bifurcation, and parent arteries with >70% stenosis. This
finding is in line with that in our previous study.>* This is
a meaningful discovery, which may mean that morphologi-
cal irregularity of unruptured intracranial aneurysms is more
related with aneurysm size rather than cerebrovascular
atherosclerosis (Figure 4). The growth rate of irregular
aneurysms is significantly higher than that of regular
aneurysms.>> %7 In fact, it has been demonstrated that
aneurysms have a stable period of growth; after the stable

Figure 4 (A) A 49-year-old female was found to have an intracranial aneurysm located in the left internal carotid artery. No obvious stenosis was found in parent artery.
The diameter of the aneurysm was more than 7 mm, and the aneurysm was found to be irregular in shape with daughter sac. (B) A 60-year-old man was found to have an
intracranial aneurysm located in the left internal carotid artery. The parent artery had obvious stenosis. The diameter of the aneurysm was more than 7 mm. It was found

that the aneurysm was irregular in shape with daughter sac.
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period, aneurysms show a rapid increase in size, mostly due
to the formation of daughter sac.’

Some studies stated that aneurysms configurations can
be detected by autonomous ganglia. Various autonomic
nerve fibers, body fluids and chemical factors can maintain
the innervation of cerebrovascular nerves. The parasympa-
thetic cranial nerves cause vasodilation, and the sympathetic
signals of the stellate ganglia can constrict cerebral arteries.
Additionally, trigeminal nerve endings provide dense, vaso-
dilatory innervation to cerebral vessels. Innervation of the
cerebrovascular serves a regulatory function by altering
lumen diameter, permeability, sensory and secretory func-
tions; thus, it is predicted that these nerves play important
roles in  determining aneurysms  configurations
characteristics.”® >° However, these hypotheses are difficult
to confirm in our case series, and further research is needed.

The strengths of our study include the age- and loca-
tion-matched case-control design and extensive adjust-
ment for potential confounders. In addition, our study is
the first to investigate the association between CAS and
irregularities of aneurysms. To avoid potential bias
caused by possible morphological changes after aneur-
ysm rupture, we also analyzed a series of UIAs, and the
results for both UIAs and ruptured IAs were similar.
However, this study has some limitations. First, the lim-
ited statistical power of the study undermines the ability
to detect potential associations. Many studies have sug-
gested that hemodynamic factors and pathological fea-
tures in the IA wall are important factors associated with
the irregular shape formation; however, we did not adjust
for hemodynamic features in our study. These factors
may have led to an underestimation of the association
in this study. Second, this study was a retrospective study,
and all patients with aneurysms came from a single cen-
ter; accordingly, the generalizability of the present find-
ings is limited. Therefore, further studies are needed to
confirm the association between irregular IA morphology
and atherosclerosis. Third, we only investigated the risk
factors based on previous studies. However, some poten-
tial risk factors that affect the formation of irregular
shapes of IAs (ie, genetic factors, hemodynamic change,
aneurysm wall enhancement) have not been included in
this study. Fourth, we used four features of CAS, ie, the
severity of atherosclerotic stenosis, parent-artery steno-
sis, number of stenotic arteries, and anterior/posterior
circulation stenosis, as indicators for the assessment of
CAS; however, this approach may still lack sufficient
persuasiveness and typicality to clarify the relationship

between aneurysmal irregularity and atherosclerotic ste-
nosis. Thus, more prospective data or related scoring
models may be needed in future studies.

Conclusions
Our findings indicate that the morphological irregularity
of unruptured intracranial aneurysms is more related
with aneurysm size rather than cerebrovascular athero-
sclerosis. Further studies should use more prospective
data and employ related scoring models to disentangle
the causative factors

contributing to aneurysmal

irregularity.
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