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Unruptured Paraclinoid Carotid Aneurysms Occur More
Frequently in Younger Ages
Reo Kawaguchi, MD, PhD, Shigeru Miyachi, MD, PhD, Tomotaka Ohshima, MD, PhD,
Naoki Matsuo, MD, PhD
Department of Neurological Surgery and Neuroendovascular Therapy Center, Aichi Medical University, Aichi, Japan

Purpose: We investigated the age distribution of cerebral saccular aneurysms in various locations to clarify the differences by location and discuss the mechanism of formation.
Materials and Methods: We retrospectively assessed clinical material obtained from 1,252
unruptured aneurysms treated with endovascular embolization between 2004 and 2019. Age,
sex, laterality, and size were investigated by the location of aneurysms, classified as cavernous
internal carotid artery (ICA), paraclinoid ICA, supraclinoid ICA, anterior communicating artery,
anterior cerebral artery, middle cerebral artery, basilar artery complex, and posterior inferior cerebellar artery. Paraclinoid aneurysms were subclassified into 3 patterns according to their projecting direction: S-type, with superior protrusion; M-type, with medial protrusion; and P-type,
with posteroinferior protrusion.
Results: There was no significant difference by location for sex, laterality, and size. The mean
age of patients with paraclinoid aneurysms (56.5 years old) was significantly lower than that of
other aneurysm patients (64.3 years old). Notably, 40% of the patients with M-type aneurysms
were <50 years old. This percentage was significantly higher than that of aneurysms at other
locations (P<0.05).
Conclusion: We found a young female predominance for patients with paraclinoid carotid
aneurysms. This study may suggest that congenital factors contribute to paraclinoid aneurysm
formation as well acquired factors, such as hemodynamic stress, atherosclerotic wall damage,
and local inflammation.
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INTRODUCTION
Development in imaging technologies
has resulted in increased requests for
magnetic resonance angiography imaging of the brain, which has contributed
to an increased rate of detection of unruptured aneurysms. According to Japanese studies on treatment indications
for unruptured aneurysms, curative
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treatment is allowed for patients with a
life expectancy >10 years with an aneurysm with a maximum diameter of 5–7
mm.1,2 Aneurysms with a mass effect, a
high-risk configuration like an irregular
shape or bleb formation, or a posterior
circulation location like the posterior
communicating artery (PComA) can also
be considered for treatment.3 According
to Fischer’s classification,4,5 paraclinoid
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aneurysms occur at the C2–C3 portion of the internal carotid
artery (ICA) and include aneurysms at the carotid cave, superior hypophyseal artery (SHA), ophthalmic artery, and anterior
wall (dorsal) of the intracranial ICA. Since these aneurysms
are at low risk of rupture,1,6 they have not been the focus of
surgical treatments, except for ruptured blood blister-like
aneurysms or large symptomatic ophthalmic aneurysms.
However, because more young people are becoming
health-oriented, the performance of magnetic resonance
imaging (MRI) check-ups has increased, resulting in an increased detection of middle-sized paraclinoid aneurysms.
When looking over the data of these patients, we noticed
an unusually high frequency of the detection of paraclinoid
aneurysms in young people. Therefore, we reviewed our
16-year patient series of endovascularly-treated unruptured
aneurysms to prove this tendency statistically by comparing
our observation with aneurysms at other locations and discuss the reason for this from an embryological point of view.

MATERIALS AND METHODS
The authors retrospectively reviewed 1,252 cases of unruptured aneurysms treated with endovascular treatment in the
hospitals of Nagoya University, Osaka Medical College, and
Aichi Medical University, Japan, between January 2004 and
December 2019. This study was a retrospective review of
anonymous data to collect only the age of patients and imaging data from our database. We excluded aneurysms treated with surgical clipping or those conservatively observed,
since there was no detailed data to define the exact classification. We focused on the patient profile (age and sex) and
aneurysm profile (location, laterality, and size) obtained from
the clinical records. The data, particularly age and aneurysm
size, was collected at the time of proper diagnosis by angiographic imaging. We did not consider details such as why

the aneurysm was found (for example, during a brain checkup), the coincidental detection of other ruptured aneurysms,
minute examination for head trauma, or the diagnosis as
the cause of headaches, tinnitus, and other neurological
disorders. Although some of these aneurysms were very
small, less than 5 mm in size, they were mostly coincidental
aneurysms with those in other lesions and were treated together. This study was approved by the respective Institution
Review Boards, and consent was obtained from all patients
using simple consent forms. Privacy protection was achieved
for each patient by not harvesting private information from
the patient profile that would specify their individuality.
The location of the saccular aneurysms was grossly classified according to the usual manner1 as cavernous ICA, paraclinoid ICA, supraclinoid ICA, anterior communicating artery
(AComA), anterior cerebral artery (ACA), middle cerebral
artery (MCA), basilar artery (BA) complex, or posterior inferior
cerebellar artery (PICA). Paraclinoid ICA aneurysms were specifically subclassified into 3 categories based on the surgical
classification7,8 as below (Fig. 1A). Fusiform aneurysms and
dissecting aneurysms were excluded from this study.
Anterior circulation aneurysms included cavernous ICA,
paraclinoid ICA (including carotid cave aneurysm, aneurysms
at the SHA and ophthalmic artery, and anterior wall aneurysms), supraclinoid ICA (including aneurysms at the PComA,
anterior choroidal artery, and ICA terminal aneurysms), AComA (including A1 aneurysms), distal ACA, and MCA bifurcation aneurysms.
Posterior circulation aneurysms included BA complex (including terminal, superior cerebellar artery, and trunk aneurysms) and vertebral artery-PICA. Paraclinoid ICA aneurysms
were classified into 3 types. The superior projecting type
(S-type) comprised aneurysms that projected superiorly with
the neck at the origin of the ophthalmic artery and more
distal C2 portion, including the ophthalmic artery aneurysm
and ICA anterior wall (dorsal) aneurysm. The medial pro-

Optic nerve

S type
P type
M type

A

112 www.neurointervention.org

Infraoptic course of ACA

B

Fig. 1. Schemes of 3 types of paraclinoid carotid
aneurysms. S-type, superior projecting type; M-type,
medial projecting type; P-type, posterior projecting
type (A). Note that the location of M-type aneurysms
seems to correspond well with the site of anastomosis
of primitive ophthalmic arteries or the persistent infraoptic course of the anterior cerebral artery (ACA) (B).

Kawaguchi R et al. Predominance of Young Females with Paraclinoid Aneurysms

jecting type (M-type) comprised aneurysms that protruded
medially from the intradural neck of the anterior genu to the
carotid siphon (proximal C2), including ICA-SHA aneurysms.
The posterior projecting type (P-type) comprised aneurysms
with posteroinferior protrusion from the infraclinoid neck at
the inner curve of the C3 genu portion, including infraclinoid
extradural carotid cave aneurysms. Intermediate-type aneurysms were categorized based on a more superior projecting
direction or neck position. In the classification of ophthalmic
segment aneurysms,9 M-type and P-type correspond to suprasellar and paraclinoid variants, respectively. Assignment
of cases based on this subclassification was performed by
multiple neurointerventionists.
We did not investigate patient-specific factors that could
have influenced the data deviation, such as family history
and the presence of congenital connective tissue disease
and vascular malformations. We also did not investigate aneurysm-specific factors, such as multiplicity and history of
growth. This study was based on retrospective observations
of angiographic images of the patients.
Statistical analysis was performed using SPSS 25.0 statistical
software package (IBM Co., Armonk, NY, USA). Data are presented as means for continuous variables and as frequencies
(percentages) for categorical variables. A P-value≤0.05 was

considered statistically significant.

RESULTS
We retrospectively assessed 1,252 aneurysms in 1,221 patients who underwent endovascular treatment. Patients with
multiple aneurysms in different locations were counted by
number in each category, and ones with aneurysms included in the same location like kissing aneurysms were counted
as 1 patient. The average age of the patients was 61.8 years
old (range, 27–91 years), and 75% of the patients were female.
The angiographic, anatomic, and demographic characteristics, as well as the aneurysmal profile, are described in Table 1.
Sex distribution was predominantly female (>65%) in all locations, except for AComA and MCA aneurysms. Although the
laterality showed a slight left dominant tendency and small
differences by location, this was not statistically significant.
The mean aneurysm size was 7.6 mm (range, 2–40 mm) and
was particularly larger in carotid cavernous aneurysms (mean,
13.5 mm) because this group included a large number of giant aneurysms treated with a flow diverter. The age distribution of patients with paraclinoid aneurysms was significantly
lower (mean, 56.5 years old) than that of other aneurysm

Table 1. Angiographic, anatomic, and demographic characteristics and aneurysmal profile of 1,252 aneurysms in 1,221 patients who
underwent endovascular treatment
Type of aneurysm
ICA (paraclinoid)*

Number of
patients

Age (yr)

Age under 50
years old

Sex, female (%)

Laterality,
left side (%)

Aneurysm size
(mm)

402

56.5 (27–81)

123 (30.6)

80.3

58.0

7.3 (2–30)

M-type

198

54.4 (27–81)

79 (40.0)

81.3

61.1

6.2 (2–20)

S-type

151

57.0 (27–80)

42 (27.8)

80.1

59.6

8.1 (2–25)

53

63.2 (50–79)

2 (3.8)

77.4

43.4

9.0 (4–30)

ICA (cavernous)

P-type

148

63.4 (27–90)

27 (18.2)

86.5

53.7

13.5 (4–40)

ICA (supraclinoid)

233

63.0 (32–91)

41 (17.6)

79.0

54.1

6.7 (2–24)

AComA complex

155

64.1 (34–88)

13 (8.4)

48.4

ND

5.8 (3–14)

Distal ACA

35

67.1 (39–81)

2 (5.7)

71.4

60.0

5.7 (2–10)

MCA

75

60.0 (37–79)

12 (16.0)

57.3

41.9

BA complex

5.5 (3–11)
†

7.9 (2–25)

166

63.8 (31–88)

17 (10.2)

70.5

53.5

PICA

38

60.7 (40–81)

6 (15.8)

65.8

64.9

5.4 (3–12)

Total

1,252

61.8 (27–91)

241 (19.5)

75.0

55.10

7.6 (2–40)

Values are presented as mean (range) or number (%).
ICA, internal carotid artery; AComA, anterior communicating artery; ACA, anterior cerebral artery; MCA, middle cerebral artery; BA,
basilar artery; PICA, posterior inferior cerebellar artery; S-type, superior projecting type; M-type, medial projecting type; P-type, posterior
projecting type; ND, not determined.
*See the text about subclassification. †Excluding data for BA terminal aneurysms.
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patients (mean, 64.3 years old). Furthermore, >30% of paraclinoid aneurysm patients were under 50 years old. Notably,
40% of the patients with M-type aneurysms were under 50
years old. This percentage was significantly higher than that
of aneurysms in other locations (P<0.05). The S-type aneurysm group also showed a tendency toward a younger age
distribution. In contrast, the age of the patients with P-type
aneurysms was widely distributed.

DISCUSSION
Unruptured carotid aneurysms are coincidentally found in
brain check-ups or in MRI examinations for other neurological disorders, with paraclinoid aneurysms being the most
frequently observed (approximately one-third of coincidental aneurysms). However, because of their low rupture risk,
incidental paraclinoid aneurysms <10 mm in diameter have
often been observed without treatments, such as asymptomatic carotid cavernous aneurysms.6 Previous reports
showed a female predominance in patients with paraclinoid
aneurysms,10 but there have been no papers that refer to age
distribution. In this study, paraclinoid aneurysms tended to
be found in younger patients. If we consider that the mechanism of growth and speed is equal in all aneurysms, younger
patients should have a higher risk of rupture because they
have a long period of their lives to live. However, the rate of
rupture of M-type aneurysms is actually low. This discrepancy may not be explained by acquired factors causing aneurysms like hemodynamic stress, atherosclerotic wall damage,
and local inflammation.11
When considering the anatomical situation of aneurysms,
they usually arise from the bifurcation of the main trunk of
cerebral arteries or at the origin of the main branches. However, most paraclinoid aneurysms are independent from
the big branches except for the ophthalmic aneurysms. Although SHA is one of the branches of the carotid artery, it is
too tiny to visualize even on a selective angiogram. Further,
Tanaka et al.12 described that 20% of paraclinoid aneurysms
are associated with no branching arteries. Thus, paraclinoid
aneurysms have specific structural characteristics.
On the embryological point of view, the paraclinoid portion of the ICA is the specific site of drastic change during
branching of the ophthalmic artery in the embryological
period. According to a theory on the development of ophthalmic artery, the primitive ophthalmic artery is initially
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formed from 2 arteries, namely, the ventral ophthalmic
artery originating from the ACA and the dorsal ophthalmic
artery originating from the C4 portion of the ICA, when the
embryo is 4–8 mm long. These 2 arteries run medial to the
siphon and establish anastomosis on the inner aspect of the
siphon at the sellar level.13,14 When the embryo reaches 40
mm in length, the stapedial artery anastomoses to the primitive ophthalmic artery. Finally, the supraorbital portion of
the ventral ophthalmic artery regresses, resulting in a complete normal adult-type ophthalmic artery. However, if this
anastomosis of the ventral ophthalmic artery remains, the
infraoptic course of the ACA persists (Fig. 1B).13,15 Thus, during
the development process of the ophthalmic artery and ACA,
this dynamic migration and regression will cause structural
fragility. In fact, various congenital anomalies and persistent
variants have been reported around this area.13
There is other evidence that the persistence of the primitive arteries often causes a higher rate of aneurysm formation. Lasjaunias et al mentioned the proximal duplication of
the ACA is as frequent as 8% in patients with aneurysms.13
Furthermore, abnormally frequent aneurysm formation at
the origin of a persistent primitive artery, particularly aneurysms at persistent trigeminal arteries16 and persistent hypoglossal arteries,17 are well known. Interestingly, these reports
suggest that such specific aneurysms on an arterial anomaly
are found in patients of a relatively younger age.18,19 Some
reports have demonstrated cases in patients under 30 years
old.19,20 Chalouhi et al.10 pointed out a high frequency of
multiple aneurysms in patients with paraclinoid aneurysms,
and it may support the congenital fragility of the arterial
wall. Tanaka21 reported a case of a paraclinoid aneurysm at a
primitive dorsal ophthalmic artery. This interesting case may
show aneurysmal formation at the trace remains of the anastomotic portion of the primitive ventral ophthalmic artery
to the paraclinoid portion. Considering our result, in which
paraclinoid aneurysms, particularly the M-type, were found
in an unusually younger generation, congenital factors may
be responsible for their formation mechanism.
Since is a retrospective study of only treated cases, the subjects do not reflect all patients with conservatively observed
or occult aneurysms. However, because the sample size is
relatively large and this was a multi-center study over a long
period, factors due to arbitrary deviation or oversight might
have been neglected. Furthermore, the age at which the
concerned aneurysm is found does not equate with the moment of birth of the aneurysm. It has not been determined
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how the exact length of existence of unruptured aneurysms
can be calculated.
Although familial history was not thoroughly investigated
in our study, gene-related factors might have been involved
in the aneurysm formation process. There are some reports
showing that aneurysms in patients with a corresponding
family history tend to be found in the earlier years, instead
of having a sporadic age distribution. 22 Additionally, an
experimental study using a rat model of bifurcation aneurysms suggested the involvement of gene deficiency as well
as hemodynamic stress and local inflammation.23 Further
multi-axial and larger epidemiologic studies with big data
and histopathological confirmation are crucial. However, the
characteristic age deviation for this specific aneurysm might
suggest consideration of the mechanism of aneurysm formation.
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