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Abstract
Purpose Posterior circulation perforator aneurysms (PCPAs) are a rare type of intracranial aneurysms whose natural history and
optimal clinical management are still largely unexplored. This study aims to report our experience with treating ruptured PCPAs
and to provide a systematic review of the literature to compare the two most established treatment options, endovascular stenting,
and conservative management including administration of antifibrinolytic drugs and watchful waiting.
Methods We performed a systematic review of the literature following the guidelines of the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA). Major databases were searched for case reports and case report series
written in the English language between 1995 and 2020. Additionally, we retrospectively reviewed our stroke center database
for cases of ruptured PCPAs between January 2014 and July 2020. Endovascular stenting and conservative treatment were
compared using endpoints, including favorable outcome rate (mRS 0-2), occlusion rate, mortality rate, periinterventional com-
plication rate, and re-hemorrhage rate.
Results We identified 31 patients treated endovascularly using stents and 33 patients treated conservatively, with the adminis-
tration of antifibrinolytic drugs in 3 of them. Our analysis showed no statistically significant difference between the groups,
except for the occlusion rate.
Conclusions The optimal management strategy of PCPAs is still unknown, but stenting can be considered as an effective
occlusion method with an acceptable complication rate. Preventive ventricular drainage may be necessary due to the high
hydrocephalus rate encountered in ruptured PCPAs.
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Introduction

Posterior circulation perforator aneurysms (PCPAs) are a rare
subtype of intracranial aneurysms first described by Ghogawala

et al. in 1996 [1], with 89 cases reported in the literature.
Aboukais et al. defined basilar artery perforator aneurysms
(BAPAs) as those whose neck is entirely on a perforator artery
without the direct involvement of the basilar trunk [2]. Certain
characteristics of these aneurysms, such as small size and dis-
secting pathogenesis, have previously been highlighted as ob-
stacles leading to diagnostic difficulties [3]. This hinders the
understanding of their natural history, which is thought to differ
from more common saccular aneurysms [4]. A classification
system was proposed by Satti et al., based on the relationship
of the aneurysm to the parent perforator artery [5]. However,
there is still no clear definition of PCPA in the literature.

Neurosurgical treatment is complicated by location, small
size, and connection of the aneurysm to perforator arteries. As
a result, an increasing number of patients are recently treated
using an endovascular approach, with an evident shift toward

* Tomislav Herega
therega@gmail.com

1 Department of Diagnostic and Interventional Neuroradiology,
University Hospital Centre Zagreb, Kišpatićeva 12,
10000 Zagreb, Croatia

2 Department of Nephrology, Hypertension, Dialysis and
Transplantation, University Hospital Centre Zagreb, Kišpatićeva 12,
10000 Zagreb, Croatia

3 Department of Neurology, University Hospital Centre Zagreb,
Kišpatićeva 12, 10000 Zagreb, Croatia

https://doi.org/10.1007/s00234-020-02618-2

/ Published online: 6 January 2021

Neuroradiology (2021) 63:639–651

http://crossmark.crossref.org/dialog/?doi=10.1007/s00234-020-02618-2&domain=pdf
https://orcid.org/0000-0002-8641-4807
https://orcid.org/0000-0003-3662-1960
https://orcid.org/0000-0001-6264-6809
https://orcid.org/0000-0002-1248-1345
https://orcid.org/0000-0002-2154-1506
https://orcid.org/0000-0002-7216-6478
https://orcid.org/0000-0002-1922-1220
mailto:therega@gmail.com


using stents as a mean of flow-diversion-mediated aneurysm
occlusion. Furthermore, some authors appraise conservative
treatment as the safest with outcome comparable to active
treatment [6–8]. As of yet, no clear consensus has been
achieved on the optimal treatment approach to ruptured
PCPAs.

The objective of this article was to provide a systematic
review of conservative and endovascular treatment of rup-
tured PCPAs using stents. The two treatment approaches were
compared focusing on mortality rate, re-hemorrhage rate, hy-
drocephalus rate, and long-term functional outcome quanti-
fied using the modified Rankin Scale (mRS) score.
Additionally, we present a case series of our single-center
experience of endovascular treatment of ruptured PCPAs
and a single case of conservatively treated ruptured PCPA.

Materials and methods

A comprehensive literature search of PubMed (Medline),
Scopus, and Directory of Open Access Journals (DOAJ)
was conducted to identify publications related to ruptured
PCPAs published between January 1995 and July 2020.
The search was based on the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [9]. The following keywords were queried sin-
gly and in combination with Boolean operators: “basilar
artery perforator aneurysms,” “posterior circulation perfo-
rator aneurysms,” “perforator aneurysms,” and “tiny aneu-
rysms.” The search was limited to studies written in the
English language. Inclusion criteria were as follows: (1)
studies reporting ruptured PCPAs, such as case reports
and case series, and (2) case reports or case series with
reported follow-up, either clinical or radiographic, and a
follow-up outcome score. Exclusion criteria were as fol-
lows: (1) review articles, letters to the editor, and cases
missing angiographic or clinical follow-up; (2) cases of
PCPAs associated with other vascular malformations, such
as arteriovenous malformation (AVM) or pure arterial mal-
formation; (3) cases of posttraumatic PCPAs; (4) cases
described in multiple articles; and (5) Satti type I aneu-
rysms. The included studies were selected and indepen-
dently reviewed by two of the authors (D.G., T.H.), with
discrepancies in the obtained data resolved by consensus.
Additional manual cross-checking of references was per-
formed until no new articles were found.

Data extracted from the studies included patient age, sex,
Hunt and Hess scale, Fisher score, subarachnoid hemorrhage
(SAH) location, diagnostic imaging modality and post-SAH
time of diagnosis, the number of vascular imaging examina-
tions needed to establish the diagnosis, location and size of the
aneurysm, treatment modality, presence of hydrocephalus,
presence of re-hemorrhage, presence of ischemia, mortality,

duration and type of follow-up, and functional outcome quan-
tified using modified Rankin Scale (mRS) score.

Additionally, we performed a retrospective search of our
prospectively maintained tertiary stroke center database for pa-
tients treated for ruptured PCPAs between January 1, 2014, and
July 1, 2020. For all identified cases, the same dataset was
extracted as for the cases from the literature review. Ethics
approval was obtained from the Ethics Committee of our
Institution.

The cases were divided into two groups to compare treat-
ment approaches. The first group included patients treated ac-
tively using stents as a means of flow diversion, including sole
stenting, stent-in-stent technique, and flow diverters. The sec-
ond group included patients treated conservatively, including
both watchful waiting and administration of antifibrinolytic
therapy.

To detect any differences between the two groups, they
were compared using the following baseline characteristics:
(a) patient sex; (b) patient age; (c) higher Fisher grade, i.e.,
Fisher grade 3 or 4; and (d) aneurysm size. For each group the
following endpoints were evaluated and compared between
the two groups: (a) follow-up duration; (b) favorable outcome
rate, defined as mRS 0–2; (c) mortality rate, defined as mRS 6
or otherwise stated in the article; (d) occlusion rate, defined as
RRC (Raymond Roy Classification) 1 or otherwise stated in
the article; (e) peri-interventional complication rate, defined as
any neurovascular complication in the 30 days following the
intervention; (f) hydrocephalus rate, present either at presen-
tation or as a late complication of SAH; and (g) re-hemorrhage
rate, defined as re-hemorrhage after endovascular treatment or
during and after conservative treatment.

The baseline characteristics and endpoints were analyzed
to identify potential statistically significant differences be-
tween the two groups. Continuous variables were presented
as means and ranges, categorical variables as rates or ratios.
Continuous variables were compared using the Mann-
Whitney U test and categorical variables using the Fisher ex-
act test, given the small sample size and small presumed fre-
quencies. The statistical tests were performed using SPSS
v26.0 (IBM, Armonk, New York, USA). Results with p <
0.05 were considered statistically significant.

To assess the risk of bias, we used a modification of the
Newcastle Ottawa Scale. The methodology was taken from
Granja et al. [8] with a few alterations. Each study was inde-
pendently assessed by the two authors using the following
criteria: (1) clear demographic data, (2) severity on presenta-
tion, (3) treatment effectiveness, (4) radiological follow-up,
and (5) clinical follow-up. Studies lacking either radiological
or clinical follow-up were considered high risk of bias. For the
remaining criteria, studies were considered low risk of bias if
theymissed none or one of the remaining criteria, medium risk
if they missed two, and high risk if they missed all three
remaining criteria.
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Results

The retrospective search of our database yielded six cases
of ruptured PCPAs (male = 4), age range 46–65 years, with
a median Hunt and Hess scale (HHS) and a Fisher score of
2 and 4, respectively. Five patients presented with a diffuse
SAH pattern (83%), one with perimesencephalic SAH
(17%). The aneurysms were identified during the initial
angiography in four cases (67%), their sizes were between
1.2–4 mm (2.1 ± 1 mm). In five patients, a distal third
basilar perforator was harboring the aneurysm (83%), and
in one patient, the aneurysm was located on a V4 segment
of the vertebral artery (VA) perforator (17%). Remarkably,
in three patients a significant reduction of SAH was dem-
onstrated on repeat pre-embolization CT exams with a re-
maining persistent clot in the interpeduncular/prepontine
cistern. The clot was visible up to post-SAH day 12 in
Patient #2, post-SAH day 19 in Patient #5, and post-SAH
day 10 in Patient #6. In the rest of the patients, no follow-
up pre-embolization CT exams were available due to
shorter diagnosis delay.

Out of five endovascularly treated patients, four were
treated using the stent-in-stent technique and one patient
using sole stenting with clinical and imaging follow-up
ranging from 4 to 18 months (average 13 months). In one
patient who underwent emergency stenting, a bolus half-
dose of i.v. eptifibatide was administered immediately be-
fore stent deployment, with the remaining half-dose admin-
istered by 12-h infusion. All other patients were pre-
procedurally started on 75 mg of clopidogrel. Platelet reac-
tivity was routinely checked with a point-of-care platelet
reactivity device (VerifyNowTM PRU Test). If the therapeu-
tic range was reached, an additional 500 mg ASA bolus was
administered intravenously immediately before the proce-
dure. Otherwise, the patient was put on ticagrelor instead of
clopidogrel. The postprocedural antiplatelet regime
consisted of clopidogrel 75 mg plus ASA 100 mg daily or
ticagrelor 90 mg twice daily plus ASA 100 mg daily.
Clopidogrel and ticagrelor were discontinued after a vari-
able time period, depending on individual circumstances,
and ASA was continued for up to a year. Re-hemorrhage
occurred in one of the endovascularly treated patients.
Three patients had an excellent outcome (modified Rankin
Scale (mRS) 0), one had a slight right-sided hemiparesis
without significant disability (mRS 1), and one ended up
with severe disability (mRS 5). One patient was treated con-
servatively despite re-hemorrhage and had an excellent out-
come (mRS 0). Five out of six patients (83%) developed
hydrocephalus requiring external ventricular drainage
(EVD) or ventriculoperitoneal (VP) shunt. General data re-
garding these six patients can be found in Table 1. Detailed
presentations of two patients are presented as captions un-
der Fig. 1 (Patient 1) and Fig. 2 (Patient 4).

Systematic review

In our literature database search, we identified 73 articles. 37
articles were identified as duplicated, and 7 were excluded
based on title and abstract alone, as defined by the exclusion
criteria (Fig. 3). The remaining 29 articles were evaluated in
full text with cross-referencing, resulting in the identification
of additional 7 articles. In the 36 articles, 89 cases were iden-
tified and assessed for eligibility [1–7, 10–36]. Eleven cases
were excluded. After applying the exclusion criteria, the re-
maining 78 cases together with 6 cases of our own comprised
84 cases. Data regarding all cases is presented in Supplement
Table 1.

The mean patient age was 57 ± 10.5 years, with an age
range of 27–82 years. In contrast to the more common saccu-
lar cerebral aneurysms, men with ruptured PCPAs
outnumbered women by a 1.78:1 ratio. The aneurysms were
usually tiny, with a mean diameter of 2.2 ± 1.4 mm (0.5–7
mm). The median Hunt-Hess and Fisher scores were 2 and 3,
respectively. The most commonly reported hemorrhage pat-
tern was diffuse SAH (68%). Perimesencephalic hemorrhage
was reported in 19% and prepontine hemorrhage in the re-
maining 13% of cases. First cerebral catheter angiography
was negative in 61% of cases, with the aneurysms first visu-
alized on repeat vascular imaging. The rate of hydrocephalus
was 34%.

Patients treated endovascularly using stents and patients
treated conservatively, including watchful waiting and admin-
istration of drugs, were extracted and divided accordingly into
two groups to analyze and compare the two treatment modal-
ities. These were described in 23 studies that were assessed for
risk of bias (Table 2). Of the included studies, 15 had a low
risk of bias (65%), and 8 had a high risk of bias (35%).

The endovascular stenting group consisted of 31 patients
(Table 3). The patients were treated as follows: 14 stent-in-
stent (45%), 13 flow-diverter stent (42%), 3 sole stenting
(10%), and 1 using both stent and flow diverter (3%). In 8
cases, periprocedural complications were reported (26%).
Hydrocephalus was reported in 10 cases (32%), repeat hem-
orrhage in one case (3%), and ischemia in six cases (20%).
The occlusion of the aneurysmwas verified in 29 cases (94%).
There were no fatal outcomes. The average follow-up period
was 14.2 months, ranging from 1 to 72 months. The mean
clinical outcome score was mRS 1 with values between
mRS 0 and mRS 5. A favorable outcome (mRS 0–2) was
reported in 90% of cases.

The conservative group consisted of 33 patients
(Table 4). Three patients were treated using antifibrinolytic
drugs (9%) [7]; watchful waiting was employed in rest. In
eight cases there was a failed endovascular approach
(24%). Hydrocephalus was reported in 10 cases (32%),
repeat hemorrhage in three cases (10%), and ischemia in
nine cases (32%). The occlusion of the aneurysm was
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verified in 23 cases (70%). A fatal outcome occurred in 2
patients (6%). The follow-up ranged from 1 to 78 months,
with an average of 15.1 months. In three cases, patients
were reported as lost to follow-up (LTFU) (9%). The mean
outcome score was mRS 1.50 (range mRS 0–mRS 6) with
a favorable outcome (mRS 0–2) reported in 77% of cases.

Our statistical analysis showed no significant differ-
ence between the two groups in baseline characteristics,
including patient sex and age, higher Fisher grade rate,
and aneurysm size (p < 0.05). Regarding the endpoints,
no significant difference was found for follow-up du-
ration, favorable outcome rate, mortality rate, re-
hemorrhage rate, hydrocephalus rate, and ischemia rate
(p < 0.05). The aneurysm occlusion rates were 94% vs.
70%, with a statistically significant difference between
the two groups (p = 0.023). The results of these tests are
presented in Table 5.

Discussion

Aneurysms arising from posterior circulation perforator arter-
ies are very rare. Among them, the most common are basilar
artery (BA) perforator aneurysms, first described by
Ghogawala et al. in 1996 [1]. They are defined as aneurysms
whose neck is entirely located on a perforator artery without
the direct involvement of the basilar trunk [2]. Satti et al. fur-
ther proposed a classification scheme, analog to that of
lenticulostriate aneurysms and based on their relationship with
the parent vessel and perforating arteries [5]. Type I aneu-
rysms arise from the basilar trunk adjacent to the perforator
origin without direct involvement, Type IIa aneurysms incor-
porate the origin of the perforator, Type IIb aneurysms have
the perforator arising from the dome of the aneurysm, and type
III aneurysms are fusiform aneurysms arising beyond the bas-
ilar artery. As Satti type I aneurysms do not involve perforator

a c

b d

e

Fig. 1 Patient 1 presented with a Hunt Hess grade 2 subarachnoid
hemorrhage (SAH). Initial non-contrast head CT (a) demonstrated diffuse
SAH spreading through lateral apertures into the fourth ventricle (arrow).
Cerebral digital subtraction angiography (DSA) (b) showed a small 2.2-
mm aneurysm (arrow) arising from a V4 segment of the left vertebral
artery (VA) perforator. Severe isolated vasospasm of the left V4 segment
is also noticeable. The aneurysm (arrow), as well as its relation to the
perforator and the left VA, could be better appreciated on a 3D shaded-
surface images (c). The patient underwent stenting. However, a severe
vasospasm with stent shortening and migration occurred during the

procedure and it was impossible to place the second stent optimally.
Therefore the second stent was placed proximally to the first one. A
follow-up non-enhanced head CT (d) performed 7 days later, after clinical
deterioration showed a larger amount of SAH (arrows) suggestive of
repeat hemorrhage. Repeat hemorrhage most likely occurred because of
suboptimal placement of the stents, creating a risk for non-coverage of the
perforator origin or endoleak in a patient treated with dual antiplatelet
therapy. A follow-up DSA (e) showed persistent filling of the aneurysm
at post-SAH month 9
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arteries, they diverge from Aboukais’ definition and as such
were excluded from this review.

BA perforator arteries are divided into three groups based
on their origin: rostral (mesencephalic perforator arteries orig-
inating distal to the superior cerebellar artery (SCA)), middle
(pontine perforator arteries originating between the anterior
inferior cerebellar artery (AICA) and SCA), and caudal (prox-
imal to AICA). There are between 2 and 5 rostral and 5 to 9
middle perforator arteries [37]. According to our literature
analysis, most PCPAs arose from rostral BA perforators
(61%), as was the case with five of our patients. The second
most common location was the middle BA perforators (31%).
Perforator branches of the vertebral artery range in number
from 1 to 3 [38]. To the best of our knowledge, Patient #1 is
the first reported case so far. We found three cases of ruptured
aneurysms located on a perforator artery arising from the P1
segment of the posterior cerebral artery (PCA) [15, 26, 33] and
two cases of SCA perforator aneurysms [15, 28].

The most commonly reported hemorrhage pattern was a
diffuse SAH (68%), with contained hemorrhage in the
interpeduncular and prepontine cistern seen in the rest.
Several authors noted the latter pattern to resemble benign

non-aneurysmal perimesencephalic hemorrhage (BNPH)
and hypothesized that a percentage of BNPH could be re-
lated to undetected PCPAs [1, 6, 11]. In BNPH, the center
of hemorrhage is directly anterior to the midbrain with no
extension to the lateral Sylvian fissures or the anterior
hemispheric fissure [39]. Although BNPH is considered a
well-defined entity, some reports suggested a limited intra-
and interobserver agreement on CT [40]. Rinke et al. found
that in 11 out of 12 patients with BNPH, a repeat 1-week
post-SAH CT exam showed complete disappearance of the
cisternal blood [39]. On the contrary, we identified a per-
sistent clot in the interpeduncular or prepontine cistern in
three of our Patients, who had repeat CT exams with per-
sistent clot up to post-SAH day 19. However, we found no
similar reports in the literature.

These aneurysms are characteristically tiny, with a mean
diameter of 2.2 mm derived from our literature analysis. Due
to slower blood flow in the harboring perforator artery, they
demonstrate slow filling leading to difficult visualization [1, 3,
11, 23]. PCPAs are believed to be of dissecting origin [11] and
often partially thrombosed. This was demonstrated by
Mathieson et al., who presented a case with a macroscopic

a

c

d

eb

Fig. 2 Patient 4 presented with a
Hunt Hess grade 2 subarachnoid
hemorrhage (SAH). Initial non-
contrast head CT (a) demonstrat-
ed diffuse SAH extending into the
fourth ventricle. A 2-month fol-
low-up DSA (b) demonstrated a
small 1.5-mm aneurysm of a dis-
tal basilar perforator (arrow). A
non-subtracted image (c) shows
two stents (LEO Baby 2.5 ×
12 mm and LEO Baby 2.5 × 18
mm) (arrow) deployed over the
basilar tip 4 days later. A month
later the patient developed hydro-
cephalus requiring
ventriculoperitoneal (VP)
shunting. A non-enhanced head
CT (d) showed dilatation of the
temporal horns. In-situ stents can
be seen in the basilar artery (ar-
row). Eighteen months later, a
follow-up DSA demonstrated no
filling of the aneurysm (e)
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aneurysm diameter of 6 mm and an observable angiography
filling of only 1 mm [23]. In our review, initial cerebral an-
giograms were negative in 61% of cases. A rigorous angio-
graphic technique with proper patient immobilization, ade-
quate injections, and repeat examinations are of most impor-
tance for successful visualization [11]. Some authors recom-
mended a vigorous injection into the dominant vertebral ar-
tery, with contrast reflux into the contralateral vertebral artery,
thereby minimizing the artifact from basilar artery contrast
washout [7]. In the case of negative initial angiography, repeat
imaging is required. However, the exact timing is still a matter
of debate [2, 4, 7, 11, 23].

Hydrocephalus is a common complication of SAH, report-
ed in approximately 20% of SAH patients [41, 42]. Acute
hydrocephalus requiring preoperative EVD, ventilation on ad-
mission, aneurysms in the posterior circulation, and aneu-
rysms size > 2.5 cm was identified as predictors of shunt-
dependent hydrocephalus in an independent cohort of 3120
cases of aneurysmal SAH [43]. Cagnazzo et al. showed that
the administration of antiplatelet drugs during the
endovascular treatment of acutely ruptured intracranial aneu-
rysms increases the risk of EVD-related hemorrhage, which

can be minimized if EVD is placed before the procedure [44].
Furthermore, some authors recommended preprocedural EVD
insertion when signs of obstructive hydrocephalus, intraven-
tricular blood, or raised intracranial pressure are present before
initiation of antiplatelet therapy [35]. Our limited case-series
showed an unusually high rate of hydrocephalus (5/6 patients)
compared with previously reported cases (34%). This could
be due to differences in the definition and reporting of hydro-
cephalus. Therefore, it is our opinion that preventive ventric-
ular drainage should be considered in patients with a large
amount of intraventricular blood or early asymptomatic dila-
tation of ventricles.

Once identified, the optimal treatment of ruptured PCPA is
still a matter of debate. We believe that coiling should be
avoided as previous reviews reported it as the least successful
first treatment approach [8]. Additionally, coiling and liquid
embolization should be viewed as treatment options with in-
herent occlusion of the parent artery in an eloquent regionwith
an otherwise potentially benign course when treated conser-
vatively [8]. Some authors postulated that stent-within-stent
placement across the aneurysm neck would divert flow away
and impede blood outflow from the aneurysm thus promoting

Fig. 3 PRISMA flow chart
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thrombosis [14], with a preserved flow within branches aris-
ing from the aneurysm itself or adjacent perforators due to
continuous physiological demand [24]. The emersion of flow
diverters provided a sufficient mean of PCPA occlusion, first
employed in 2014 [36]. It was observed, however, that the risk
of re-rupture is enhanced by the initiation of dual antiplatelet
therapy, required after the placement of a flow diverter or stent
[45]. Philips et al. reported a 14% rate of perforator territory
infarctions and a 9,4% rate of permanent neurological compli-
cations when placing a flow diverter stent in the treatment of
posterior circulation aneurysms [46]. Stenting represents a
highly effective treatment option, as aneurysmal occlusion
was verified in 94% of cases according to our analysis. The
only two cases without demonstrated occlusion regarded a
patient treated with flow diverter who suffered from subacute
pontine ischemia with basilar artery enlargement and stent
shortening [26] and Patient #1 from Our series, where a failed
procedure occurred.

On the other hand, conservative management of PCPAs is
favored by some authors, proposing that these aneurysms
have a common benign course with a low re-hemorrhage rate
[6, 18]. Buell et al. recommended initial conservative

management with administration of antifibrinolytic therapy
to patients with no absolute contraindications and consider-
ation of endovascular treatment in case of PCPA enlargement
on repeat imaging [7]. However, in the vast majority of con-
servatively treated patients watchful waiting was employed
(91%). Our analysis showed an unusually high rate of ische-
mia among conservatively treated patients (32%), with report-
ed failed endovascular approach in 56% of them [15, 18, 32].
Further studies evaluating the natural history of ruptured
PCPAs are necessary because no safe active treatment within
the 24-hour time period is currently available, unlike for other
ruptured aneurysms. It is our opinion that this could be the
main reason leading some clinicians towards a watchful
waiting approach.

Some previous reports noted a lack of reporting of objec-
tive scales regarding aneurysm occlusion using stenting as a
method of flow diversion [8], but this could be due to the
inability to properly image such small aneurysms with the
available resolution of current imaging equipment. Another
reason could be the unknown value of such scales for further
treatment choices. It is our opinion that in case of incomplete
occlusion after treatment, no further active treatment should

Table 2 Quality assessment for risk of bias of included studies

Authors and year Clear demographic
data

Severity at
presentation

Treatment
effectiveness

Radiological
follow-up

Clinical
follow-
up

Assessed risk
of bias

Fiorella et al. (2006) [20] Yes No Yes Yes Yes Low

Park et al. (2009) [6] Yes Yes Yes Yes Yes Low

Deshaies et al. (2011) [17] Yes Yes Yes Yes No High

Ding et al. (2013) [18] Yes Yes Yes Yes Yes Low

Nyberg et al. (2013) [27] Yes No Yes Yes No High

Chalouhi et al. (2014) [12] Yes Yes Yes Yes Yes Low

Chavent et al. (2014) [14] Yes Yes Yes Yes Yes Low

Kim et al. (2014) [25] Yes Yes Yes Yes No High

Aboukais et al. (2016) [2] Yes Yes Yes Yes No High

Daruwalla et al. (2016) [16] Yes Yes Yes Yes Yes Low

Forbrig et al. (2016) [21] Yes Yes Yes Yes Yes Low

Peschillo et al. (2016) [3] No Yes Yes Yes Yes Low

Sahu et al. (2017) [30] Yes Yes Yes Yes Yes Low

Finitsis et al. (2017) [19] Yes Yes Yes Yes Yes Low

Satti et al. (2017) [5] Yes Yes Yes Yes Yes Low

Buell et al. (2018) [7] No Yes Yes No Yes High

Chau et al. (2018) [13] Yes Yes Yes Yes Yes Low

Giordan et al. (2018) [36] Yes Yes Yes Yes No High

Bhogal et al. (2019) [11] Yes Yes Yes No Yes High

Da Ros et al. (2020) [29] Yes Yes Yes Yes Yes Low

Shlobin et al. (2020) [33] Yes Yes Yes Yes Yes Low

Enomoto et al. (2020) [35] Yes Yes Yes Yes Yes Low

Inoue et al. (2020) [34] Yes No Yes Yes No High
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be pursued to avoid complications. On the contrary, re-
hemorrhage and significant regrowth following stent treat-
ment should prompt evaluation for further treatment.

The results of this study revealed no statistically significant
difference in favorable outcome rate, mortality rate, re-
hemorrhage rate, hydrocephalus rate, and ischemia rate be-
tween conservatively and endovascularly treated patients
using stents. This shows that both treatment approaches can
be used with a similar outcome. A significant difference in
occlusion rates was found between the two groups. This result
can be interpreted by the proportion of conservatively treated
patients lost to follow-up, which was 9% according to our
analysis.

We would like to stress the importance of careful evalua-
tion of follow-up non-contrast CT exams additional to metic-
ulous DSA and 3D-angiography of the posterior circulation,
in search of a remnant blood clot in the interpeduncular or
prepontine cistern. The presence of a persistent clot in a pa-
tient with angiography-negative perimesencephalic hemor-
rhage could indicate a possibility of a ruptured distal or mid-
basilar PCPA. Considering the limited number of patients
included in this study, further research is needed to validate
this finding.

Limitations

The main limitations of this review are pertaining to the ret-
rospective nature of case reports and case series. The data
analysis is furthermore limited by the paucity of published
cases and small sample sizes. Inconsistent reporting of infor-
mation regarding aneurysmmorphology, location, severity on
presentation, hydrocephalus, treatment management, compli-
cations, follow-up duration and modality, and functional

outcome resulted in several studies with a high risk of bias.
Finally, we found a high rate of LTFU patients and patients
with no follow-up vascular imaging in the conservative group,
which possibly hinders the conclusiveness of the results.

Conclusion

In summary, PCPAs are potentially underdiagnosed patholo-
gy with imaging characteristics similar to BPNH and a gener-
ally favorable outcome following conservative treatment.
Stenting has been shown as a safe and effective active treat-
ment option; therefore, it is our opinion that the decision of
treatment modality should be made on a case-by-case basis.
We believe this rare disease needs to be further evaluated
through new studies involving larger sample sizes and possi-
bly a specific registry of PCPA cases designed by involved
medical specialties.
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Table 5 Comparison of baseline
characteristics and endpoints
between endovascular stenting
and conservative group. Data are
presented as mean (range),
percentage (n/N), or ratio (X:Y).
Statistically significant results are
shown in italics

Endovascular stenting group
(N = 31)

Conservative group
(N = 33)

P
value

Baseline
characteristics

Sex ratio (F:M) 9:11 8:21 0.237

Age (years) 55.7 (39–75) 60.1 (35-82) 0.137

Higher Fisher grade
rate

85 (17/20) 73.1 (19/26) 0.476

Aneurysm size (mm) 1.9 (1–3) 1.8 (0.5-7) 0.395

Endpoints Follow-up duration
(months)

14.2 (1–72) 15.1 (1-78) 0.849

Aneurysm occlusion
rate

93.5 (29/31) 69.7 (23/33) 0.023

Favorable outcome
rate

90.3 (28/31) 77.4 (24/31) 0.301

Mortality rate 0 (0/31) 6.5 (2/31) 0.492

Re-hemorrhage rate 3.2 (1/31) 9.7 (3/31) 0.612

Hydrocephalus rate 32.3 (10/31) 32.3 (10/31) 1

Ischemia rate 20 (6/30) 32.1 (9/28) 0.3733
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