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Abstract

Background Posterior communicating artery (PcomA) aneurysm can be classified into sidewall or bifurcation types based on the
anatomical variation of fetal-type posterior cerebral artery (fPCA). The aims of this study were to investigate the significance of
fPCA as an independent risk factor for the rupture of PcomA aneurysm and to evaluate other associated morphological and
clinical risk factors.

Methods We retrospectively reviewed clinical and radiological findings of 255 patients with PcomA aneurysms, which were
treated in a single tertiary institute between January 2009 and December 2016. Univariate and multivariate analyses were
performed to evaluate the associations between morphological and clinical variables and rupture status. Subgroup analysis
was also performed based on the aneurysms with and without fPCA.

Results Fifty-five out of 255 PcomA aneurysms (21.6%) were associated with fPCA. Multivariate logistic regression analysis
showed that the superior direction of aneurysm dome (OR 9.106, p = 0.007), the presence of a bleb (OR 4.780, p < 0.001), a high
aspect ratio (OR 1.878, p =0.045), and fPCA (2.101, p = 0.040) were significantly associated with PcomA aneurysm rupture. In
the fPCA group, only the presence of a bleb varied significantly between ruptured and unruptured PcomA aneurysms. However,
in the non-fPCA group, larger aneurysms, the superior direction of dome, the presence of a bleb, and a high aspect and dome-to-
neck ratio were significantly higher in the ruptured aneurysm group than in the unruptured aneurysm group.

Conclusions The results demonstrate that fPCA may be an independent risk factor for rupture, especially together with the
presence of a bleb.

Keywords Intracranial aneurysm - Posterior communicating artery - Fetal-type posterior cerebral artery - Subarachnoid
hemorrhage

Introduction

Posterior communicating artery (PcomA) aneurysms are one
of the most frequently detected forms of cerebral aneurysms,
accounting for about 15-25% of all intracranial aneurysms [1,
2]. While the natural history of unruptured intracranial aneu-
rysms (UIAs) remains unclear, recent studies suggest that
PcomA aneurysms are prone to rupture compared with aneu-
rysms located at other sites [2—4]. Because subarachnoid hem-
orrhage (SAH) due to aneurysmal rupture carries approxi-
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mately 40-50% mortality rate, the ability to predict the risk
of rupture for an incidental aneurysm is of great clinical value
[5—7]. Therefore, investigators have proposed various clinical,
morphological, and hemodynamic risk factors for the rupture
of UlAs [2, 3, 8-11]. However, many studies have assessed
the risk of rupture for saccular aneurysm in a monolithic
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fashion without distinction between sidewall and bifurcation
types, despite varying features of aneurysm between the two
subsets [7, 12]. Aneurysms involving PcomA can be classified
into sidewall and bifurcation types because they represent
unique anatomical variants of fetal-type posterior cerebral ar-
tery (fPCA) [7].

The fPCA is a common anatomical variation around the
circle of Willis and defined as PCA that completely originates
from the internal carotid artery (ICA) or has a small connec-
tion with the basilar artery (BA) [13, 14]. In this situation, the
PCA is mainly supplied by ICA instead of BA [15]. A few
studies have shown that fPCA is associated with occipital lobe
infarction, life-threatening headache, and white matter degen-
eration. Other studies have reported that fPCA is associated
with the occurrence of PcomA aneurysms [14, 16]. However,
to the best of our knowledge, few studies evaluated the mor-
phological risk factors for the rupture of PcomA aneurysms,
with a focus on fPCA [16-18]. The aim of this study was to
investigate the significance of fPCA as an independent risk
factor for the rupture of PcomA aneurysm and to evaluate
other associated morphological and clinical risk factors.

Materials and methods
Study population and clinical characteristics

A total of 2396 consecutive cases of intracranial ruptured
and unruptured aneurysms were treated with open surgery
or endovascular treatment (EVT) in a single tertiary insti-
tute between January 2009 and December 2016. Of these
patients, we included only those whose aneurysms arose
from the ICA-PcomA junction. Aneurysms involving other
locations including the paraclinoid, anterior choroidal ar-
tery (AchoA), ICA bifurcation, middle cerebral artery
(MCA), Al, anterior communicating artery (AcomA), dis-
tal anterior cerebral artery (DACA), and posterior circula-
tion were excluded, leaving a total of 284 patients with
PcomA aneurysm. Among these patients, we excluded 20
patients with PcomA aneurysm because there was no pre-
operative diagnostic digital subtraction angiography
(DSA). Nine patients who underwent repeated treatment
following initial treatment at another hospital were also
excluded because we could not evaluate the characteristics

Table 1  Uni- and multivariate analyses of clinical and morphological parameters associated with rupture
Characteristics Value Univariate Multivariate Odds ratio 95% confidence interval
Unruptured (n = 166) Ruptured (n = 89)
Clinical features
Age (mean + SD) 59.24+9.6 62.1+11.7 0.050
Age >70 years 24 (14.5%) 29 (32.6%) 0.001 0.079 0.527 0.258-1.077
Male 28 (16.9%) 9 (10.1%) 0.144
Current smoking 18 (10.8%) 18 (20.2%) 0.040 0.094 2.099 0.882-4.994
Diabetes mellitus 14 (8.4%) 10 (11.2%) 0.466
Hypertension 94 (56.6%) 48 (53.9%) 0.680
Hyperlipidemia 56 (33.7%) 34 (38.2%) 0.477
Antiplatelet agent 27 (16.3%) 13 (14.6%) 0.729
Prior stroke 11 (6.6%) 7 (7.9%) 0.713
Stroke family history 23 (13.9%) 9 (10.1%) 0.390
Radiologic features
Size in mm (mean + SD)  5.42+2.57 691+4.12 0.002
Size >7 mm 32 (19.3%) 35 (39.8%) <0.001 0.079 1.897 0.929-3.874
Direction of dome 0.034
Superior 3 (1.8%) 8 (9%) 0.018 0.007 9.106 1.849-44.841
Posterior 58 (34.9%) 25 (28.1%) 0.266
Inferior 54 (32.5%) 23 (25.8%) 0.268
Lateral 35(21.1%) 26 (29.2%) 0.147
Medial 16 (9.6%) 7 (7.9%) 0.637
Blebs 67 (40.4%) 71 (79.8%) <0.001 <0.001 4.780 2.414-9.467
Aspect ratio 1.31+0.67 1.62+0.71 <0.001 0.045 1.878 1.015-3.473
Dome-to-neck ratio 1.46+0.56 1.75+0.86 0.005 0.457 0.786 0.417-1.483
Fetal PCA 28 (16.9%) 27 (30.3%) 0.009 0.040 2.101 1.033-4.276

SD standard deviation, PCA posterior cerebral artery
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of the initial aneurysm. After exclusion, a total of 255
aneurysms were finally included in this study.

We retrospectively reviewed the patients’ medical records
to obtain their baseline information (age, sex), medical history
(hypertension, hyperlipidemia, prior stroke history), and
smoking history (current smoker or not). Hypertension was
defined as taking antihypertensive drugs, a systolic blood
pressure > 140 mmHg, or a diastolic blood pressure >
90 mmHg. Hyperlipidemia was defined as taking
antihyperlipidemic agents or a total cholesterol level >
240 mg/dL.

Morphological assessment of PcomA aneurysms

Morphological characteristics of all PcomA aneurysms in-
cluded in this study were evaluated by DSA including three-
dimensional rotational angiography (3DRA). Radiologic fea-
tures, including aneurysm size, the direction of aneurysm
dome, the presence of a bleb, aspect ratio, dome-to-neck ratio,
and fPCA, were retrospectively reviewed by two observers
who were blinded to information pertaining to subarachnoid
hemorrhage (SAH), under the supervision of an experienced
neuroradiologist.

The direction of aneurysm dome was classified as anterior,
posterior, superior, inferior, medial, or lateral directions. The
direction was defined based on the positional relation between
the aneurysm dome and the skull base on routine DSA and
3DRA. Aneurysm size was measured based on the largest
diameter. The fPCA was defined as a PCA arising from only
ICA without visualization of the P1 segment on vertebral ar-
tery (VA) angiography.

Statistical analysis

We performed statistical analysis using SPSS version 17
(SPSS, Chicago, IL, USA). All categorical variables were
analyzed by Fisher’s exact test or chi-square test. Univariate
analysis to evaluate the relevant factors for PcomA aneurysm
rupture was performed using Fisher’s exact test or chi-square
test. Multivariate logistic regression analysis to determine risk
factors for rupture was performed including variables with p
value < 0.05 in univariate analysis. Less than 0.05 of p value
was regarded as statistically significant.

Results
Univariate and multivariate analyses of potential
clinical and morphological risk factors associated

with aneurysm rupture

The results of univariate and multivariate analyses of clinical
and morphological risk factors are summarized in Table 1.

The proportion of old age (more than 70 years) and current
smokers was significantly higher in the ruptured group than in
the unruptured group by univariate analysis. The mean aneu-
rysm size was significantly greater in the ruptured group than
in the unruptured group. Aneurysm with size greater than
7 mm, superior direction, a bleb, high aspect ratio, and
fPCA was shown to occur at a significantly higher proportion
in the ruptured group by univariate analysis. Multivariate lo-
gistic regression analysis was performed with clinical and
morphological variables that were significantly associated
with aneurysm rupture (p <0.05) in univariate analysis. The
results of multivariate analysis showed that superior direction
of aneurysm dome (odds ratio (OR) 9.106, 95% confidence

Fig. 1 Illustrative cases of ruptured aneurysm with fPCA (a—c) and
unruptured aneurysm with non-fPCA (d, e). a Non-enhanced brain CT
of a 55-year-old female patient demonstrates SAH in basal cistern and
both Sylvian cisterns. b Lateral view of DSA shows PcomA aneurysm
with superior direction and fPCA (black arrow). ¢ 3DRA shows an
elongated and irregularly shaped aneurysm with blebs. d, e On the
other hand, in case of unruptured PcomA aneurysm, the DSA and
3DRA show a round and smooth aneurysm with small diameter PcomA
(arrowhead)
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interval (CI) 1.849-44.841), presence of a bleb (OR 4.780,
95% CI 2.414-9.467), high aspect ratio (OR 1.878, 95% CI
1.015-3.473), and aneurysms arising in fPCA (OR 2.101,
95% CI 1.033-4.276) were significantly associated with rup-
ture (p <0.05) (Fig. 1).

Clinical and morphological differences
between unruptured and ruptured aneurysms with or
without fPCA

Of the 255 aneurysms included in this study, 55 aneurysms
(21.5%) were arising from fPCA. In the fPCA group, only
the presence of a bleb was significantly different between
the ruptured and unruptured groups. Other clinical charac-
teristics or morphological features showed no significant
differences between the ruptured and unruptured groups
for aneurysms with fPCA. On the other hand, for aneu-
rysms without fPCA, the proportion of larger aneurysm
size, superior direction of dome, presence of a bleb, and
high aspect and dome-to-neck ratio was significantly
higher in the ruptured aneurysm group than in the
unruptured aneurysm group (Table 2).

Discussion

Intracranial aneurysm involving PcomA is a unique aneurysm
that can be divided into bifurcation (aneurysm arising from
fPCA) and sidewall (aneurysm arising from non-fPCA) types
[7]. In cases with non-fPCA, the PCA is mainly supplied by
vertebrobasilar-P1 artery rather than PcomA [14, 19]. On the
other hand, the blood supply into the PCA is predominantly or
exclusively from the ipsilateral ICA-PcomA in cases with
fPCA [14, 19]. Therefore, blood flow and blood pressure of
PcomA from ipsilateral ICA are increased, leading to more
impact against the wall of the ICA-PcomA junction in cases
with fPCA [20]. In addition, the vessel wall of the arterial
bifurcation lacks the media layer, which can result in thinning
of the arterial wall [21]. For these reasons, some authors have
reported that fPCA can be a risk factor for the formation of
ICA-PcomA aneurysm [14, 16]. Baharoglu et al. clearly dis-
tinguished the morphological and hemodynamic characteris-
tics between bifurcation and sidewall aneurysms [7]. They
also emphasized that ruptured bifurcation aneurysms repre-
sent 66.3% of all ruptured aneurysms in their report [7].
Therefore, we assumed that PcomA aneurysms arising from
fPCA (bifurcation type) might be associated with an increased

Table 2 Clinical and morphological differences between unruptured and ruptured PcomA aneurysms with or without fetal PCA

Characteristics Fetal PCA group p value Non-fetal PCA group p value
Unruptured Ruptured Unruptured Ruptured
aneurysm (n =28) aneurysm (n=27) aneurysm (n = 138) aneurysm (n = 62)
Clinical features
Age (mean + SD) 60.8+11.5 65.3+£12.8 0.182 589+93 60.7+11.1 0.233
Age >70 years 6 (21.4%) 13 (48.1%) 0.037 18 (13.0%) 16 (25.8%) 0.026
Male 7 (25.0%) 2 (7.4%) 0.143 21 (15.2%) 7 (11.3%) 0.459
Current smoking 5 (17.9%) 6 (22.2%) 0.686 13 (9.4%) 12 (19.4%) 0.049
Diabetes mellitus 2 (7.1%) 3(11.1%) 0.699 12 (8.7%) 7 (11.3%) 0.563
Hypertension 16 (57.1%) 16 (59.3%) 0.874 78 (56.5%) 32 (51.6%) 0.519
Hyperlipidemia 7 (25.0%) 8 (29.6%) 0.700 49 (35.5%) 26 (41.9%) 0.385
Radiologic features
Size in mm (mean + SD) 6.56+3.50 6.67+4.64 0914 5.19+2.28 7.01+3.91 0.001
Size >7 mm 9 (32.1%) 7 (25.9%) 0.612 23 (16.7%) 28 (45.9%) <0.001
Direction of dome 0.969 0.007
Superior 2 (7.1%) 2 (7.4%) 1 (7.0%) 6 (9.7%) 0.004
Posterior 5 (17.9%) 6 (22.2%) 53 (38.4%) 19 (30.6%) 0.290
Inferior 6 (21.4%) 7 (25.9%) 48 (34.8%) 16 (25.8%) 0.208
Lateral 13 (46.4%) 10 (37.0%) 22 (15.9%) 16 (25.8%) 0.100
Medial 2 (7.1%) 2 (7.4%) 14 (10.1%) 5(8.1%) 0.643
Blebs 12 (42.9%) 20 (74.15) 0.019 55 (39.9%) 51 (82.3%) <0.001
Aspect ratio 1.45+0.70 1.37+0.50 0.598 1.28 +£0.66 1.74+0.76 <0.001
Dome-to-neck ratio 1.58+0.51 1.41+0.55 0.236 1.43+0.57 1.89+0.93 0.001

PcomA posterior communicating artery, PCA posterior cerebral artery, SD standard deviation
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rupture risk compared with those arising from non-fPCA
(sidewall type). In this study, a significantly higher proportion
of fPCA was observed in the ruptured PcomA aneurysm group
(OR 2.101, 95% CI 1.033-4.276, p =0.040) by multivariate
analysis. Thus, our results supported this hypothesis.

Matsukawa et al. reported that fPCA is not an independent
risk factor for the rupture of PcomA aneurysm in 2014 [17].
However, their study evaluated fPCA mainly based on com-
puted tomogram angiography (CTA) rather than DSA, and the
sample size was relatively small. Lv et al. also reported that
fPCA showed no significant difference between ruptured and
unruptured PcomA aneurysms [16]. However, they investigat-
ed morphological risk factors, with a focus on small PcomA
aneurysms (< 7 mm), and thus, this result might not represent
all PcomA aneurysms. In another study by Zhang et al., in-
vestigators showed that PCA type was significantly associated
with PcomA aneurysm rupture, but they divided PCA into
lateral (if PcomA diameter/ICA diameter < 1/5) and bifurca-
tion types (if PcomA diameter/ICA diameter > 1/5) [18]. In
our study, we included all available PcomA aneurysms treated
in our hospital and fPCA was evaluated by DSA.

In our study, subgroup analyses of morphological and clin-
ical differences between unruptured and ruptured aneurysms
were performed according to a presence of fPCA. Baharoglu
et al. have reported the need for analyses based on aneurysm
type because sidewall and bifurcation aneurysms showed a
clear morphological and hemodynamic dichotomy and they
behave differently under identical 3D shape-based analysis
[7]. The most commonly used risk factors, such as large max-
imal diameter, high aspect ratio, and high size ratio, were
shown to be independently associated with rupture in sidewall
aneurysms. However, these size-related features failed to dis-
criminate rupture status in aneurysms arising at bifurcations.
Moreover, they suggested that aneurysm dome shape and re-
lated bleb formation could be more important for rupture in
bifurcation aneurysms [7]. Similar with a previous study, our
results also showed different characteristics for rupture status
between fPCA and non-fPCA groups. In PcomA aneurysms
without fPCA, size-related features (maximal diameter, aspect
ratio, and dome-to-neck ratio), direction of dome, and bleb
formation showed significant difference between the rupture
and unruptured groups. Accordingly, unruptured PcomA an-
eurysms without fPCA may be considered to treat if currently
used size-related risk factors are observed. In contrast, only
bleb formation was significantly different between the rup-
tured and unruptured groups in PcomA aneurysms with
fPCA. Therefore, unruptured PcomA aneurysms with fPCA
and a bleb can be considered as indication for treatment re-
gardless of other clinical and morphological features.

There were some limitations to this study. First, the study
was conducted retrospectively at a single institution and the
number of patients with fPCA may not be large enough to
draw definite conclusions about the relationship between

fPCA and aneurysm rupture, possibly leading to selection bias
and wide confidence interval. Second, the intraaneurysmal
hemodynamics of PcomA aneurysm were not investigated.
Third, alcohol consumption and smoking status were not
quantitatively analyzed in our study. Further prospective large
population data should be investigated to exclude any
limitations.

Conclusions

The present result demonstrated that fPCA may be an inde-
pendent risk factor for rupture, especially along with the pres-
ence of a bleb.
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