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Abstract: (1) Background: Pediatric intracranial aneurysms (PIA) are rare and clinicopathologically
distinct neurovascular entities. The aims of this study are to evaluate our institution’s experience and
corroborate our results with updated literature. (2) Methods: This is a single-institution, retrospective
study. Patients with a confirmed diagnosis of PIA are included. Variables of interest include patient
demographics, clinical presentation, treatment outcomes and features specific to each patient’s PIA.
A literature review on PIA-centric clinical studies was conducted. (3) Results: A total of 14 PIAs in
11 patients were treated from 2000 to 2022. The mean age was 5.8 years old, and most were males
(90.1%). Anterior circulation PIAs constituted 78.6% of the cohort. Half of the PIAs were of the
dissecting type, and 14.3% were giant aneurysms. Of interest, 14.3% of patients had subsequent de
novo aneurysms after treatment of their index aneurysm. For treatment, 57.1% underwent surgery,
35.7% had endovascular intervention and the remaining 7.1% were managed conservatively. Based on
the literature review, this study had congruent findings to other existing publications. (4) Conclusions:
PIAs are unique neurovascular lesions that have good outcomes if managed in a timely fashion by an
experienced multidisciplinary team. We recommend longer surveillance periods due to the risk of
developing de novo aneurysms.

Keywords: intracranial aneurysm; pediatric intracerebral aneurysm; pediatric intracranial aneurysm

1. Introduction

Pediatric intracranial aneurysms (PIA) are rare and account for 0.5 to 4.6% of all
intracranial aneurysms [1–4]. Recent insights confirm these aneurysms are of a distinct
pathological entity in comparison to their adult counterparts; thus, they require different
treatment principles [5–7]. The technical aspects of intervention—that is, microsurgery,
endovascular approaches or a combination of both—are somewhat similar to adult patients.
However, owing to the longer life expectancy of children, the aim is to provide effec-
tive aneurysm obliteration while minimizing the risk of recurrence and peri-procedural
morbidity. To date, most PIA-related publications are case series with limited patient
numbers [4,8–12]. As previously highlighted by Kim et al., the existing clinical literature on
PIA is mostly from Western or European centers [13–18]. Similar epidemiological studies
from Asia are even fewer [4,8,13,19]. Overall, there is a paucity of information with regards
to PIA from our local and regional Southeast Asian populations. Furthermore, the inci-
dence, pathophysiology and treatment modalities used for PIA are underrepresented in
the literature from our part of the world. This is a retrospective study with the primary aim
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of evaluating the patient demographics, clinicopathological characteristics, management
modalities and outcomes of PIA managed by our institution. Secondary aims include a
focused literature review on this uncommon condition and corroborating our results with
existing literature.

2. Materials and Methods
2.1. Study Design, Patient Demographics, and Variables of Interest

This is a single institution, retrospective study approved by the hospital ethics board
(SingHealth CIRB Reference: 2022/2501). Data is retrieved from the hospitals’ electronic
medical records and/or hardcopy notes. All patients under 18 years of age with a con-
firmed diagnosis of PIA via neuroimaging are included. Exclusion criteria encompass the
following: patients above the age of 18, PIAs secondary to other types of neurovascular
anomalies (such as Moyamoya disease, vein of Galen malformation, arteriovenous mal-
formation and so forth), and patients with incomplete clinical information. Variables of
interest include patient demographics, clinical history, presenting symptoms, treatment
outcomes and features specific to each patient’s intracranial aneurysm. These include
radiological characteristics, location, morphology, size, and etiology of the aneurysms. For
this study, the World Federation of Neurological Surgeons (WFNS) Grading Scale is used
to grade the severity of the aneurysmal subarachnoid hemorrhage (aSAH) [20], and the
Glasgow Outcome Scale (GOS) is used to assess patient outcomes [21]. In concordance with
the literature, we defined a ‘giant aneurysm’ as an intracranial aneurysm with a diameter
of 25 mm or more [22]. Owing to the limited cohort numbers, descriptive statistics are
reported. This includes mean with standard deviation for continuous data and frequency
and percentage for categorical data.

2.2. Outline of Treatment Workflow

All patients diagnosed with either suspected or radiologically confirmed PIAs are
referred to the Neurosurgical Service. Urgent intervention to stabilize patients is priori-
tized for cases where there is progressively worsening neurological deficit, and or raised
intracranial pressure. As part of a close-knit healthcare cluster, our pediatric neurosurgeons
work with our adult colleagues in co-managing these patients. Clinical cases are presented
at regular multidisciplinary neurovascular rounds that are attended by neurosurgeons,
neuroradiologists and interventionalists dedicated to the management of neurovascular
anomalies. After a consensus is reached, a decision for the type of intervention is dis-
cussed in-depth with the patient and their caregivers. All patients undergo a postoperative
digital subtracted angiogram (DSA) after microsurgical clipping of their aneurysm or
post-embolization/coiling. Once the aneurysm is confirmed to be obliterated, the patient
is transferred to the Children’s Intensive Care Unit for close monitoring. As PIAs are
considered rare, thorough medical investigations are performed to exclude any under-
lying infective, autoimmune or cardiac conditions. Following that, early referral to the
neurorehabilitation team is advocated once deemed clinically stable after intervention.
Upon discharge, the patients are followed up in the outpatient clinic by the pediatric
neurosurgeon until 18 years of age, wherein they will be transitioned to the adult hospital
for continuity of care. Given the concerns of repeated exposure to ionizing radiation [23],
the choice of neuroimaging is magnetic resonance imaging (MRI) brain and angiography
(MRA) during the surveillance period.

2.3. Literature Review

To identify articles pertinent to PIA, a systematic search of publications in the English
language using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines was performed in PubMed, Google Scholar and Web of Science [24].
Examples of keywords used include ‘cerebral aneurysm in children’, ‘pediatric cerebral
aneurysm’, ‘pediatric intracranial aneurysm’ and so forth. Results are individually exam-
ined and counter-checked amongst one another for duplicates. Articles focused on adult
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populations, and/or without English translation of their content, and those published
before 2000 are excluded. Secondary data from meta-analyses, abstracts, editorials, ex-
pert opinions or letters are also excluded. Reference lists from selected articles are also
counter-checked to obtain as complete information as possible.

3. Results
3.1. Baseline Patient Characteristics

From 1 January 1997 to 31 December 2022, a total of 81 patients with intracranial
vascular anomalies were managed at our institution. In this cohort, there were 11 patients
with 14 PIAs. One patient was excluded due to incomplete clinical data. The mean age of
our cohort was 5.8 ± 4.7 years old. There was a notable male preponderance (90.1%). Six
patients presented with aSAH, whereby four (36.4%) of them were of poor grade (WFNS
grade ≥ 3). The average duration of follow-up in our study population was 70 months
(range: 3 to 185 months).

3.2. Aneurysm Features: Morphology, Location, and Aetiology

Most of the PIAs were from the anterior circulation (78.6%)—two (14.3%) anterior
communicating artery aneurysms, two (14.3%) internal cerebral artery (ICA) aneurysms,
and seven (50%) middle cerebral artery aneurysms. There were three (21.4%) posterior
circulation aneurysms, which consisted of one anterior inferior cerebellar artery (AICA)
and one posterior inferior cerebellar artery (PICA) aneurysms in the same patient, and one
vertebral artery (VA) aneurysm. Out of the 14 aneurysms, 6 (42.9%) were of the dissecting
type, 5 (35.7%) were mycotic aneurysms while the remaining 3 (21.4%) were saccular
aneurysms. There were two (14.3%) giant aneurysms (Figure 1), whereby one of them
was previously published as a clinical vignette [25]. Interestingly, three (27.3%) had two
aneurysms, either at the time of diagnosis or subsequent de novo aneurysms after treatment
of their index aneurysm. One of them had a background of fibromuscular dysplasia (FMD)
and had one PIA successfully treated. His second aneurysm was a de novo aneurysm which
was seen 3 years after his first presentation on surveillance neuroimaging. Initially, he
opted for observation. However, follow-up imaging demonstrated that the aneurysm was
increasing in size. The decision was then made for definitive treatment. The next patient
had his index right PICA aneurysm treated with endovascular parent artery occlusion.
Upon follow-up, a new PIA was found in the right AICA, and this was similarly treated
endovascularly. The last patient had two right ICA mycotic aneurysms that were treated
with endovascular parent artery occlusion. The following table summarizes the patients’
and aneurysmal characteristics of our study population (Table 1).
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Table 1. Overview of baseline patient characteristics and aneurysm features.

Variable n (%, Unless Stated Otherwise)

Age range in years (mean) 0.17 to 14 (5.8 ± 4.7)
Length of follow-up range in months (mean) 3 to 185 (70)

Number of patients 11 (100)
Gender

Male 10 (90.1)
Female 1 (0.09)

Clinical Presentation
Decreased consciousness 7 (63.6)

Headache 1 (0.09)
Cranial nerve palsy 1 (0.09)

Seizure 1 (0.09)
Incidental 1 3 (27.3)

WFNS Grade (at first diagnosis)
I to II 2 (18.2)

III to IV 4 (36.4)
Not applicable (as unruptured) 5 (45.5)

Glasgow Outcome Scale (GOS)
1 0 (0)
2 0 (0)
3 1 (0.09)
4 3 (27.3)
5 7 (63.6)

Total number of PIA per patient 1

Single 8 (72.7)
Multiple 3 (27.3)

Total number of PIA in this study 14 (100)
Location

Anterior circulation 11 (78.6)
Posterior circulation 3 (21.4)
Type of aneurysm

Dissecting 6 (42.9)
Mycotic 5 (35.7)
Saccular 3 (21.4)

Size of aneurysm
<1 cm 7 (50)

1 to 2 cm 5 (35.7)
≥2.5 cm 2 (14.3)

Treatment modality
Conservative 1 (7.1)

Endovascular procedure(s) 5 (35.7)
Microsurgical clipping or excision 8 (57.1)

1 includes patients at the time of diagnosis, and or during follow-up. (Abbreviations: PIA = pediatric intracranial
aneurysm; WFNS = World Federation of Neurological Surgeons).

3.3. Treatment Modalities and Outcomes

Seven (57.1%) patients with 8 PIAs underwent microsurgical clipping or excision.
No bypass procedure was performed for this subgroup in our series. There were no
postoperative complications encountered. Three patients with five aneurysms were treated
with endovascular therapy: one patient underwent coiling of the aneurysm sac while the
other four aneurysms were treated with parent artery occlusion. Although we had two cases
of de novo PIAs, no recurrent PIA was observed during the follow-up period for all patients.
As previously mentioned, one patients with multiple aneurysms had a background of FMD.
Despite the initially poor WFNS grade (Grade IV or V) at the time of presentation for
four (36.4%) patients, three of them eventually recovered to a GOS ≥ 4. Although they
initially had residual hemiparesis, they improved to full independence in the activities of
daily living at the last outpatient review. No mortality was observed in our study cohort.
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One (7.1%) patient was found to have an incidental VA PIA during neuroimaging for an
unrelated condition. The decision was made for conservative management as the patient
was young and asymptomatic. To date, surveillance scans report that the PIA remains
stable in size.

3.4. Illustrative Case Example: Challenging Diagnosis

A 12-year-old patient with a background of native mitral valve perforation and infec-
tive endocarditis underwent a mechanical valve replacement. As part of the postoperative
treatment, she was commenced on anticoagulation to retain the patency of the cardiac
valve. However, the patient developed an acute onset of drowsiness, right hemiparesis
and a dilated right pupil. An urgent computed tomographic (CT) brain scan reported a
large acute on chronic right subdural hematoma (SDH) with significant mass effect and
midline shift. Of note, there was a small, concurrent parieto-occipital lobe intraparenchymal
hematoma (ICH). The initial impression was that of spontaneous hemorrhage secondary to
over-coagulation. The patient underwent an emergency right decompressive craniotomy
and evacuation of the SDH. Intraoperatively, no obvious vascular anomaly was observed.
Owing to the recent history of infective endocarditis, a DSA was arranged. This reported a
2 mm aneurysm in the high parietal region that corresponded to the site of the previous
right SDH and ICH (Figure 2). Microsurgical excision of the aneurysm was subsequently
performed. Histology confirmed that it was a mycotic aneurysm. The patient’s postopera-
tive period was otherwise uneventful with good improvement of neurological function.
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Figure 2. (A) Representative image of patient’s non-contrasted CT brain in axial direction. There is a
large right SDH causing mass effect and midline shift to the left. Of note, there is a small ICH situated
in the right parietal lobe (red arrow). (B,C) depict representative arterial phase images of the patient’s
subsequent cerebral DSA in coronal and sagittal views. A small, saccular aneurysm is noted in the
right high parietal region, corresponding to the location of the previous CT brain findings (yellow
arrow). (Abbreviations: CT = computed tomographic; DSA = digital subtracted angiogram; ICH =
intracranial hematoma; SDH = subdural hematoma).

3.5. Literature Review Findings

Detailed systemic reviews of PIA literature were recently performed by Brandel et al.,
Ciurea et al. and Yasin et al. [26–28]. Given that we aimed to compare our longitudinal
clinical experience with existing literature, we prioritized studies that were similar in design
to ours and within the timeframe of our study. Building on this, our focused literature
search yielded 24 publications from 2000 to March 2024 [3,4,8,13,15–17,26–42] (Figure 3). For
this study, we set the following parameters: exclusion of case reports with less than patients,
defined case series as studies that had 5 to 20 patients and cohort studies with 20 or more
patients (Figure 3). Based on these publications, our study had the following congruent
demographic findings: male predilection, majority of PIAs in the anterior circulation, good
neuro-functional outcomes after treatment and low mortality rates. Notably, most series
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also reported higher numbers of giant and mycotic aneurysms in their study cohorts (See
Table 2).
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Table 2. Summary of findings from the selected publications pertinent to our study. (Abbreviation: N.A. = not applicable; PIA = pediatric intracranial aneurysm).

Year/Authors Patient
Number (%)

Males
(%)

Good
Outcomes 1 (%)

Mortality
(%)

Total Number of
PIA (%) Giant PIA (%) Mycotic PIA (%) Treatment

Modality (%)

2001/Proust et al. [29] 22 (100) 16 (72) 14 (63.6) 5 (22.7) 25 (100) 3 (12) 2 (8) Surgery 18 (81.8); endovascular 4 (18.2)

2005/Huang et al. [3] 19 (100) 13 (68.4) 18 (94.7) 1 (5.3) 19 (100) 7 (36.8) 0 (0) Surgery 13 (68.4); endovascular 3 (15.8);
conservative 3 (15.8)

2005/Lasjaunia et al. [16] 59 (100) 35 (59) N.A. 5 (8) 75 (100) 1 (1.7) 15 (20) Surgery 28 (37.3); endovascular 13;
conservative 16 (27.1)

2005/Agid et al. [30] 33 (100) 16 21 (64) 5 (15) 37 (100) 11 (29.7) 5 (13.5) Surgery 10 (27); endovascular 13 (35.1);
conservative 14 (37.8)

2007/Sharma et al. [4] 55 (100) 38 (69) 36 (90) 2 (5) 67 (100) 13 (19.4) 2 (3) 2 Surgery 40 (72.7); conservative 15 (27.3)
2008/Stiefel et al. [31] 12 (100) 4 (33) 9 (75) 1 (8) 13 (100) 1 (7.7) 0 (0) Surgery 8 (61.5); endovascular 5 (38.5)
2009/Liang et al. [32] 24 (100) 14 (58) 22 (92) 1 (4) 24 (100) 8 (33.3) 1 (4) Surgery 4; endovascular 14; conservative 5

2009/Lv et al. [33] 25 (100) 20 (80) N.A. 1 (1.3) 25 (100) 17 (68) 0 (0) Endovascular 24 (96); conservative 1 (4)

2009/Hetts et al. [15] 77 (100) 37 (48.1) N.A. 1 (1)1.3 103 (100) 8 (11%) 12 (15.6)
2 Surgery 29 (37.7); endovascular 30 (39);

conservative 18 (23.4)

2009/Kakarla et al. [34] 48 (100) 28 (58.3) 44 (91.7) 1 (2.1) 72 (100) 16 (22.2) 5 (6.9)
2 Surgery 48 (100); endovascular—done

post-surgery 3 (6.3)

2013/Garg et al. [8] 62 (100) 45 (72.6) 45 (72.6) 1 (1.4) 74 (100) 11 (14.9) 2 (2.7)
2 Surgery 43 (69.4); endovascular 19 (30.6),

conservative 6 (9.7)

2015/Gross et al. [35] 33 (100) 16 (48.5) N.A. N.A. 33 (100) N.A. N.A. Surgery 8 (24.2); endovascular 15 (45.5);
conservative 10 (30.3)

2015/Vargas et al. [36] 5 (100) 5 (100) 4 (83.3) 1 (16.7) 6 (100) 4 (66.7) 0 (0) Endovascular 6 (100)
2018/Chen et al. [37] 35 (100) 25 (71.4) 30 (85.7) 1 (2.9) 35 (100) 16 (45.7) 0 (0) Surgery 20 (57.1); endovascular 15 (42.9)

2019/Amelot et al. [38] 51 (100) 35 (68.6) 35 (68.6) 10 (29.6) 51 (100) 3 (5.9) N.A. Surgery 8 (15.7), endovascular 43 (84.3)

2019/Kim et al. [13] 26 (100) 17 (65.4) 20 (76.9) 1 (3.9) 33 (100) 2 (7.7) 2 (7.7) Surgery 10 (38.5); endovascular 10 (38.5);
conservative 5 (19.2)

2019/Nam et al. [39] 23 (100) 15 (65.2) 19 (61.3) 1 (4.3) 31(100) 3 (13) N.A.
Surgery 3 (9.7); endovascular 21 (67.7);

combined surgery & endovascular 1 (3.2);
conservative 1 (3.2)

2019/Thioub et al. [40] 10 (100) 4 (40) 8 (80) 1 (10) 10 (100) 1 (10) 4 (40) Surgery 7 (70); endovascular 3 (30)

2019/Yasin et al. [27] 41 (100) 25 (61) 37 (90.2) 2 (4.9) 57 (100) 1 (1.8) 2 (3.5) Surgery 13 (22.8); endovascular 25 (43.9);
conservative 19 (33.3)

2021/Ciurea et al. [28] 47 (100) 28 (59.6) 37 (78.5) 1 (2.1) 47 (100) 14 (29.8) N.A. Surgery 46 (97.9); endovascular 1 (2.1)
2021/Garrido et al. [41] 18 (100) 14 (77.8) 15 (83.3) 1 (5.6) 21 (100) 4 (19) 2 (9.5) Surgery 9 (42.9); endovascular 12 (57.1)

2021/Xu et al. [42] 47 (100) 29 (61.7) 40 (90.9) 5 (10.6) 53 (100) 10 (18.9) 1 (1.9) Surgery 31 (58.5); endovascular 16 (30.2);
medical 3 1 (1.9)

2022/de Aguiar et al. [17] 12 (100) 5 (41.7) 10 (83.3) 2 (16.7) 17 (100) 6 (35.3) 2 (11.8) Surgery 0 (0); endovascular 12 (70.6);
conservative 5 (29.4)

2023/Brandel et al. [26] 33 (100) 21 (63.6) 21 (63.6) 6 (18.2) 37 (100) 12 (32.4) 1 (2.7) Surgery 25 (67.6); endovascular 8 (21.6)

2024/Current study 11 (100) 10 (90.1) 10 (90.1) 0 (0) 14 (100) 2 (14.3) 5 (35.7) Surgery 8 (57.1); endovascular 5 (35.7);
conservative 1 (7.1)

1 Reference to quantitative functional scores used in the study, namely Glasgow Outcome Scale (GOS) 4 to 5; Modified Rankin Scale (mRS) 0 to 2 or equivalent. 2 Percentage (%)
quantified against the number of patients instead of total PIAs. 3 Here, 1 (1.9%) patient was given antibiotics only.
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4. Discussion
4.1. Pediatric Intracranial Aneurysms: An Overview

Intracranial aneurysms in children are believed to be a distinct pathological entity
in comparison to their adult counterparts, especially concerning their morphology and
etiology. Clinical presentations are often diverse and variable [43]. Broadly speaking, it
is believed that cerebral vessels are prone to aneurysm formation given their thin mus-
cularis layer, as well as the lack of an external elastic lamina [44]. Acquired risk factors
associated with aneurysm formation in adults such as hypertension, smoking and hyper-
cholesterolemia are not as prevalent in the pediatric population [11]. Other associated
diseases such as polycystic kidney disease, osteoporosis and atherosclerosis also tend to be
more applicable to adults [45]. In children, trauma, congenital conditions and infections are
reported to play a greater role in aneurysm formation [46]. Congenital conditions include
systemic connective tissue disorders such as collagen deficiency, disruption of extracellular
matrix, Ehlers-Danlos syndrome; congenital heart diseases; and arterio-venous malfor-
mations [47–49]. Infections, on the other hand, result in disruption of the internal elastic
membrane and intima, forming a pseudoaneurysm known as mycotic aneurysm, which
have a predilection for distal portions of the MCA [48,50]. Presently, it is postulated that
the natural history of PIA is secondary to an interplay between aggravating external factors
(such as trauma, infection, and inflammation) and an inherent defective defense mechanism
(such as systemic conditions affecting connective tissues like Marfan’s or Ehlers-Danlos syn-
drome) [5]. Nonetheless, exact details of the mechanistic factors underlying their formation
are not yet fully elucidated.

For adults diagnosed with intracranial aneurysms, large multi-center, clinical trials
such as the International Subarachnoid Aneurysm Trial (ISAT) [51] and Barrow Ruptured
Aneurysm Trial (BRAT) [52] guide the treatment selection. Owing to the longer life ex-
pectancy and evolving developmental physiology in children, treatment guidelines for
PIA need to be tailored accordingly. Under such circumstances, management protocols
based on adult aneurysm trials cannot be completely extrapolated to the pediatric popu-
lation [51,53]. Put together, the emphasis is on the best modality of treatment based on
an individual child’s aneurysm and its clinical characteristics. For instance, endovascular
therapy, microsurgery, or a combination of both can be implemented for PIAs [30,33].

4.2. Aneurysm Morphology and Management Outcomes: Our Institutional Experience

Previous studies have broadly classified the etiology of PIA into traumatic, mycotic,
dissecting, and saccular aneurysms. Dissecting aneurysms are reported to be four times
more common in the pediatric population when compared to adults, with a purported
incidence of up to 50% in some series [5,14,16,54]. In congruency with the literature,
dissecting aneurysms are the most common PIA, accounting for 55% of patients in our
cohort. The underlying pathophysiology is believed to be a chronic dissection process
within the blood vessel wall, subsequently resulting in a fusiform-shaped outpouching.
These vascular lesions often affect the parent vessel circumferentially and may become
enlarged, causing local mass effects and seizures [42,54]. Unlike saccular aneurysms, the
treatment of dissecting aneurysms requires either surgical excision of the aneurysm or
endovascular parent vessel occlusion. While this may be tolerated if the aneurysm is located
in a distal, non-eloquent vessel, a more proximal location of the aneurysm often requires
a bypass procedure before parent vessel sacrifice [5,7,25,55]. Alternatively, the option of
parent artery reconstruction with flow diversion has been described in selected case reports
and series [36,56,57]. Separately, if the lesion is asymptomatic, some neurosurgeons may
opt for conservative management with close surveillance [5]. In our cohort, we treated
three anterior circulation dissecting aneurysms with surgical excision of the aneurysm,
while two posterior circulation dissecting aneurysms were treated with endovascular
parent vessel occlusion. One patient whose aneurysm was found incidentally remains on
surveillance without any intervention. Next, giant aneurysms are relatively uncommon,
comprising an estimated 5% of all intracranial aneurysms, regardless of age [58]. Up to 10%
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of giant intracranial aneurysms are prevalent in the pediatric population. Here, it should
be emphasized that their natural history is unfavorable, and the rupture risk generally
increases depending on their size [59]. We were fortunate that our two patients with giant
aneurysms underwent uneventful intervention with good recovery.

Following that, the co-existence of cardiac and or systemic vascular conditions with
PIAs has previously been reported in the literature. Studies quote incidences between 8 to
50%, depending on the type of anomaly [49,60]. Various hypotheses for this association
include developmental errors of the neural crest during early embryogenesis [60], and
chronic hypertension affecting the medial arterial layer and hence, predisposing it to
aneurysm formation, especially in children with coarctation of the aorta [61]. In the
latter group, patients may still develop intracranial aneurysms several years after surgical
correction for coarctation of aorta [62]. Our study cohort concurs with these findings,
whereby 40% (n = 4) of our patients have associated systemic vascular or cardiac conditions..

Separately, mycotic aneurysms are reported to account for up to 15% of all pediatric
intracranial aneurysms [63]. These are pseudoaneurysms that occur in response to inflam-
mation within the blood vessel adventitia. This process then spreads into the muscularis
layer, ultimately resulting in the disruption of both the internal elastic membrane and the
intima [64]. Causative factors underlying the inflammation include embolization from a
septic focus, and/or extension of a neighboring infection. Bacterial infections are the most
common, followed by fungal and human immunodeficiency virus [65–67]. Generally, this
type of intracranial aneurysm is associated with high morbidity and mortality [63]. In our
series, mycotic aneurysm was identified in 25% of the patients. Similar to reports in the
literature, mycotic PIAs in our cohort secondary to bacterial endocarditis tend to affect
more distal intracranial vasculature while cases resulting from contiguous spread tend to
be located more proximally [63,68]. As they have underlying infectious etiology, selected
cases can sometimes be treated non-invasively with antibiotics. It has been shown that up
to 29% of mycotic aneurysms can resolve with medical therapy alone. Surgical or endovas-
cular intervention is often reserved for those with enlarging aneurysms despite antibiotics,
and/or when an ICH is causing significant mass effect from the ruptured aneurysm which
requires evacuation [63,68]. As highlighted in our case illustration, the role of a definitive
cerebral DSA was necessary to exclude a mycotic aneurysm, especially in high-risk cases.

In contrast to adults, saccular aneurysms are relatively uncommon in the pediatric
population and tend to occur in older children [5]. Some neurovascular experts believe that
the treatment and natural history of classical saccular aneurysms in the pediatric population
do not significantly differ from that in adults [5]. In essence, the approach (regardless of age)
includes both microsurgical and/or endovascular treatments [43]. Treatment of saccular
aneurysms is similar to their adult counterparts where coiling or microsurgical clipping of
the aneurysm while preserving its parent artery is the goal [5]. Of the three (25%) saccular
aneurysms treated in our cohort, two were treated with surgical clipping while one was
coiled. For them, there was no significant difference in the post-treatment outcomes.

Although there is no case of traumatic intracranial aneurysm in our study popula-
tion, we included the following discussion as this entity has been previously reported in
children. As these are even more uncommon in the pediatric population, contemporary
literature specific to them is notably sparse [2,69]. Affected patients tend to be males in the
third decade of life, clinically symptomatic, arise at unusual arterial sites and are seldom
multiple [2]. In the pediatric population, they have observed in both penetrating and
non-penetrating trauma head injuries [69]. For the latter, three types have been described:
those arising from the distal ACA, those arising at the skull base, and those arising at the
cortical surface [46]. Overall, the neurosurgical management for traumatic aneurysms in
children does not differ significantly from the adult population. Nonetheless, clinicians
need to be mindful of this diagnosis in selected cases of presumed traumatic subarachnoid
hemorrhage seen in pediatric head injuries.
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4.3. Risk Factors Unique to the Pediatric Population

In adults, the formation of de novo aneurysms is exceedingly rare with reported
incidences of 0 to 1.5% [70,71]. Factors associated with increased risks of developing
de novo aneurysms include co-existing conditions with a predisposition for aneurysm
formation and index aneurysm treatment with parent artery occlusion [72,73]. In our
study, two patients developed de novo aneurysms during outpatient surveillance. One
of them had a background of FMD—an idiopathic, noninflammatory, non-atherosclerotic
vascular disease of small to medium-sized arteries. This finding is congruent with the high
prevalence of intracranial aneurysms in patients (i.e., 21.7%), whereby up to 31% have
multiple aneurysms [74,75]. Furthermore, the formation of de novo aneurysms has been
reported as well in patients with FMD [76]. The other patient had an index aneurysm
treated with parent artery occlusion of the PICA. On the follow-up cerebral angiogram
4 years post-treatment of the index aneurysm, the ipsilateral AICA was noted to have taken
over the territorial supply of occluded PICA. Based on current understanding, we theorize
that changes in cerebral hemodynamics added stress to the ipsilateral AICA by increasing
the area of re-vascularized territory supplied, resulting in the formation of de novo AICA
aneurysm.

4.4. Clinical Outcomes

In the adult population, a poor WFNS grade is often associated with unfavorable
clinical outcomes, so much so that aggressive treatment is often withheld [20]. Despite
aggressive intensive care treatment and early occlusion of poor-grade aneurysms, favorable
outcomes (GOS ≥ 4) up to 30% have been reported in the children [77,78]. In our series, four
patients were treated despite their initially poor WFNS grade (grade IV) on presentation.
They eventually recovered to a GOS score of ≥ 4. Two patients made a full recovery
without any neurological deficits. The remaining two suffered from mild hemiparesis but
are otherwise independent in their activities of daily living. Similarly, a meta-analysis by
Yasin et. al. reported favorable outcomes (mRS 0 to 2) in 48% of PIA with poor Hunt and
Hess Scale (HHS4 to 5) presenting with aSAH [27]. Such pertinent differences highlight the
ability of pediatric patients to better tolerate aneurysm or treatment-related neurological
injury. We believe this is because children have higher rates of neuroplasticity to allow the
brain to adapt or compensate for injuries [79].

As a child is expected to live for several decades to come, rather than mitigating
hemorrhagic risk alone, the durability of treatment should be given due consideration
when treating pediatric aneurysm. Here, aneurysm recurrence is of particular concern,
especially for those treated endovascularly as a recurrence rate of up to 20% has been
reported in adults. To date, the long-term durability of flow diversion techniques in
children remains uncertain [13]. Another major concern is the use of antiplatelet therapy. A
regimen for the loading and maintenance of antiplatelet doses for pediatric patients after
endovascular treatment has not been established [13,80,81].

A long-term series by Sanai et. al. reported PIA recurrence rate of 15.8% in patients
treated endovascularly versus 0% in patients treated surgically. Operative morbidities were
similar in both treatment groups. They also found that the formation of de novo aneurysms
was more prevalent in patients treated with endovascular therapy. The authors attributed
this to the possible weakening of already defective vessel walls during microcatheter
manipulation during endovascular therapy [7]. Unlike clinical trials in adults, which
showed superiority of endovascular treatment over surgical treatment [51], a recent meta-
analysis demonstrated relatively equal treatment-related outcomes between endovascular
treatment and surgical treatment in the pediatric population [27]. Although we postulate
that this discrepancy may likely be due to the inherent differences between adult and
pediatric intracranial aneurysms, there are no large, randomized studies to objectively
confirm our theory.
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4.5. Aneurysmal Cerebral Vasospasm: Is This Phenomenon Less Prevalent in Children?

Cerebral vasospasm is defined as the narrowing of a cerebral blood vessel enough to
cause a reduction in distal blood flow [82]. This phenomenon manifests as a potentially
life-threatening clinical syndrome called delayed cerebral ischemia (DCI), whereby there is
a development of new focal neurological signs, and/or deterioration in conscious levels,
lasting for more than 1 h in patients with aneurysmal SAH [83]. Peak incidences usually
occur around 7 to 10 days after the initial bleed [84]. Based on adult literature, up to
70% of aneurysmal SAH patients develop angiographic vasospasm, and 30% progress to
neurological deficits [85]. Overall, it is generally accepted that DCI is a well-established
sequelae that contributes to significant mortality and morbidity associated with aneurysmal
SAH [86]. In contrast, symptomatic DCI from PIA is uncommon, and its exact prevalence
is uncertain [87,88]. The rarity of this condition in children may initially mislead clinicians
to consider other differential diagnoses such as Moyamoya disease, hemiplegic migraine
and so forth [87]. Broadly speaking, the general principles of DCI management in adults
have been reported to be successfully applied in PIA [87–89]. Nonetheless, it has been
recommended that careful dose titration of nimodipine is necessary, especially in young
children to avoid hypotension [88]. In our study, no case of DCI was encountered and for
selected cases, the dose of nimodipine was titrated according to recommendations by the
hospital pharmacist.

4.6. Study Critique and Future Directions

For this study, we acknowledge that there are noteworthy limitations. Firstly, this
is a retrospective and modest population-based, cohort at a single institution. In congru-
ency with reports from other overseas neurosurgery centers, our local incidence of PIA
is extremely low. We observe similarities such as a higher number of male patients, and
predilections for giant, mycotic and de novo aneurysms. Also, key challenges include
diverse causes, perioperative considerations due to age-related physiology and available
expertise from individuals. Owing to such heterogeneity, it is difficult at this stage to
directly compare each variable meaningfully at a granular level. Overall, we are cognizant
that results from our study are, at best, descriptive. Nevertheless, our study provides
additional data from our region of Southeast Asia; at the same time, it reiterates findings
from previous publications. We hope that our results can contribute to the growing body of
literature and be incorporated into future meta-analysis efforts if needed. Separately, as part
of our own institution’s future work, we endeavor to collaborate with international groups
focused on understanding the knowledge gaps in PIA. Examples include elucidating the
links between certain genetic disorders and the risk of intracranial aneurysm formation in
those affected [90]. Ultimately, the aim is to improve the management of children diagnosed
with this uncommon but life-threatening entity.

5. Conclusions

Pediatric aneurysms are a heterogeneous group of lesions that are pathologically
distinct from their adult counterparts. Current evidence recommends that treatment should
be individualized, selecting the safer approach depending on aneurysm characteristics and
the availability of local expertise. A multidisciplinary approach is paramount for good
outcomes. Based on our institutional experience, longer surveillance for high-risk patients
is recommended given their propensity to develop de novo aneurysms.

Author Contributions: Conceptualization, S.Y.Y.L.; methodology, F.H.Z.C., T.M.C. and S.Y.Y.L.;
software, T.M.C. and L.P.N.; validation, T.M.C., R.W.K., L.P.N. and S.Y.Y.L.; formal analysis, F.H.Z.C.,
T.M.C., R.W.K., W.T.S. and S.Y.Y.L.; investigation, T.M.C., R.W.K., L.P.N., W.T.S. and S.Y.Y.L.; resources,
R.W.K., W.T.S. and S.Y.Y.L.; data curation, F.H.Z.C., T.M.C., L.P.N., R.W.K., W.T.S. and S.Y.Y.L.;
writing—original draft preparation, F.H.Z.C., T.M.C. and S.Y.Y.L.; writing—review and editing,
S.Y.Y.L.; project administration, S.Y.Y.L. All authors have read and agreed to the published version of
the manuscript.



Surgeries 2024, 5 445

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board (or Ethics Committee) of
SingHealth Centralized Institutional Review Board (protocol code SingHealth CIRB Ref: 2022/2501).

Informed Consent Statement: Informed consent to participate in this study was provided by the
participants’ legal guardian/next of kin.

Data Availability Statement: Data is contained within the article.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Herman, J.M.; Rekate, H.L.; Spetzler, R.F. Pediatric intracranial aneurysms: Simple and complex cases. Pediatr. Neurosurg. 1991,

17, 66–72; discussion 73. [CrossRef] [PubMed]
2. Ventureyra, E.C.; Higgins, M.J. Traumatic intracranial aneurysms in childhood and adolescence. Case reports and review of the

literature. Childs Nerv. Syst. 1994, 10, 361–379. [CrossRef] [PubMed]
3. Huang, J.; McGirt, M.J.; Gailloud, P.; Tamargo, R.J. Intracranial aneurysms in the pediatric population: Case series and literature

review. Surg. Neurol. 2005, 63, 424–432; discussion 432–433. [CrossRef] [PubMed]
4. Sharma, B.S.; Sinha, S.; Mehta, V.S.; Suri, A.; Gupta, A.; Mahapatra, A.K. Pediatric intracranial aneurysms—Clinical characteristics

and outcome of surgical treatment. Childs Nerv. Syst. 2007, 23, 327–333. [CrossRef] [PubMed]
5. Krings, T.; Geibprasert, S.; terBrugge, K.G. Pathomechanisms and treatment of pediatric aneurysms. Childs Nerv. Syst. 2010, 26,

1309–1318. [CrossRef] [PubMed]
6. Kanaan, I.; Lasjaunias, P.; Coates, R. The spectrum of intracranial aneurysms in pediatrics. Minim. Invasive Neurosurg. 1995, 38,

1–9. [CrossRef] [PubMed]
7. Sanai, N.; Auguste, K.I.; Lawton, M.T. Microsurgical management of pediatric intracranial aneurysms. Childs Nerv. Syst. 2010, 26,

1319–1327. [CrossRef] [PubMed]
8. Garg, K.; Singh, P.K.; Sharma, B.S.; Chandra, P.S.; Suri, A.; Singh, M.; Kumar, R.; Kale, S.S.; Mishra, N.K.; Gaikwad, S.K.; et al.

Pediatric intracranial aneurysms—Our experience and review of literature. Childs Nerv. Syst. 2014, 30, 873–883. [CrossRef]
[PubMed]

9. Chen, R.; Zhang, S.; Xiao, A.; Guo, R.; Ma, J. Risk factors for intracranial aneurysm rupture in pediatric patients. Acta Neurochir.
2022, 164, 1145–1152. [CrossRef] [PubMed]

10. Mehrotra, A.; Nair, A.P.; Das, K.K.; Srivastava, A.; Sahu, R.N.; Kumar, R. Clinical and radiological profiles and outcomes in
pediatric patients with intracranial aneurysms. J. Neurosurg. Pediatr. 2012, 10, 340–346. [CrossRef]

11. Slator, N.; Talibi, S.S.; Mundil, N.; Thomas, A.; Lamin, S.; Walsh, R.; Rodrigues, D.; Solanki, G.A. Paediatric intracranial aneurysms:
A British institutional review. Childs Nerv. Syst. 2019, 35, 1197–1205. [CrossRef] [PubMed]

12. Saraf, R.; Shrivastava, M.; Siddhartha, W.; Limaye, U. Intracranial pediatric aneurysms: Endovascular treatment and its outcome.
J. Neurosurg. Pediatr. 2012, 10, 230–240. [CrossRef] [PubMed]

13. Kim, M.; Lee, H.S.; Lee, S.; Park, J.C.; Ahn, J.S.; Kwon, D.H.; Kwun, B.D.; Park, W. Pediatric Intracranial Aneurysms: Favorable
Outcomes Despite Rareness and Complexity. World Neurosurg. 2019, 125, e1203–e1216. [CrossRef] [PubMed]

14. Sanai, N.; Quinones-Hinojosa, A.; Gupta, N.M.; Perry, V.; Sun, P.P.; Wilson, C.B.; Lawton, M.T. Pediatric intracranial aneurysms:
Durability of treatment following microsurgical and endovascular management. J. Neurosurg. 2006, 104, 82–89. [CrossRef]
[PubMed]

15. Hetts, S.W.; Narvid, J.; Sanai, N.; Lawton, M.T.; Gupta, N.; Fullerton, H.J.; Dowd, C.F.; Higashida, R.T.; Halbach, V.V. Intracranial
aneurysms in childhood: 27-year single-institution experience. AJNR Am. J. Neuroradiol. 2009, 30, 1315–1324. [CrossRef] [PubMed]

16. Lasjaunias, P.; Wuppalapati, S.; Alvarez, H.; Rodesch, G.; Ozanne, A. Intracranial aneurysms in children aged under 15 years:
Review of 59 consecutive children with 75 aneurysms. Childs Nerv. Syst. 2005, 21, 437–450. [CrossRef] [PubMed]

17. de Aguiar, G.B.; Ozanne, A.; Elawady, A.; Samoyeau, T.; Niknejad, H.R.; Caroff, J.; Vergara Martinez, J.; Mihalea, C.; Gallas, S.;
Chalumeau, V.; et al. Intracranial Aneurysm in Pediatric Population: A Single-Center Experience. Pediatr. Neurosurg. 2022, 57,
270–278. [CrossRef] [PubMed]

18. Aryan, H.E.; Giannotta, S.L.; Fukushima, T.; Park, M.S.; Ozgur, B.M.; Levy, M.L. Aneurysms in children: Review of 15 years
experience. J. Clin. Neurosci. 2006, 13, 188–192. [CrossRef] [PubMed]

19. Lu, J.; Li, M.; Zhao, Y.; Zhao, Y.; Chen, X.; Zhao, J. Paediatric Intracranial Aneurysms: Long-term Angiographic and Clinical
Outcomes in a Contemporary Series. Front. Neurol. 2022, 13, 684093. [CrossRef]

20. Teasdale, G.M.; Drake, C.G.; Hunt, W.; Kassell, N.; Sano, K.; Pertuiset, B.; De Villiers, J.C. A universal subarachnoid hemorrhage
scale: Report of a committee of the World Federation of Neurosurgical Societies. J. Neurol. Neurosurg. Psychiatry 1988, 51, 1457.
[CrossRef]

21. McMillan, T.; Wilson, L.; Ponsford, J.; Levin, H.; Teasdale, G.; Bond, M. The Glasgow Outcome Scale—40 years of application and
refinement. Nat. Rev. Neurol. 2016, 12, 477–485. [CrossRef]

https://doi.org/10.1159/000120570
https://www.ncbi.nlm.nih.gov/pubmed/1815731
https://doi.org/10.1007/BF00335125
https://www.ncbi.nlm.nih.gov/pubmed/7842423
https://doi.org/10.1016/j.surneu.2004.11.023
https://www.ncbi.nlm.nih.gov/pubmed/15883063
https://doi.org/10.1007/s00381-006-0253-x
https://www.ncbi.nlm.nih.gov/pubmed/17119979
https://doi.org/10.1007/s00381-009-1054-9
https://www.ncbi.nlm.nih.gov/pubmed/20033187
https://doi.org/10.1055/s-2008-1053453
https://www.ncbi.nlm.nih.gov/pubmed/7627578
https://doi.org/10.1007/s00381-010-1210-2
https://www.ncbi.nlm.nih.gov/pubmed/20625742
https://doi.org/10.1007/s00381-013-2336-9
https://www.ncbi.nlm.nih.gov/pubmed/24322606
https://doi.org/10.1007/s00701-021-04957-2
https://www.ncbi.nlm.nih.gov/pubmed/34415443
https://doi.org/10.3171/2012.7.PEDS11455
https://doi.org/10.1007/s00381-019-04159-3
https://www.ncbi.nlm.nih.gov/pubmed/31089852
https://doi.org/10.3171/2012.5.PEDS1210
https://www.ncbi.nlm.nih.gov/pubmed/22816607
https://doi.org/10.1016/j.wneu.2019.01.280
https://www.ncbi.nlm.nih.gov/pubmed/30794975
https://doi.org/10.3171/ped.2006.104.2.3
https://www.ncbi.nlm.nih.gov/pubmed/16506494
https://doi.org/10.3174/ajnr.A1587
https://www.ncbi.nlm.nih.gov/pubmed/19357386
https://doi.org/10.1007/s00381-004-1125-x
https://www.ncbi.nlm.nih.gov/pubmed/15834727
https://doi.org/10.1159/000524523
https://www.ncbi.nlm.nih.gov/pubmed/35398842
https://doi.org/10.1016/j.jocn.2005.07.006
https://www.ncbi.nlm.nih.gov/pubmed/16446095
https://doi.org/10.3389/fneur.2022.684093
https://doi.org/10.1136/jnnp.51.11.1457
https://doi.org/10.1038/nrneurol.2016.89


Surgeries 2024, 5 446

22. Locksley, H.B. Natural history of subarachnoid hemorrhage, intracranial aneurysms and arteriovenous malformations. Based on
6368 cases in the cooperative study. J. Neurosurg. 1966, 25, 219–239. [CrossRef] [PubMed]

23. Pearce, M.S.; Salotti, J.A.; Little, M.P.; McHugh, K.; Lee, C.; Kim, K.P.; Howe, N.L.; Ronckers, C.M.; Rajaraman, P.; Sir Craft, A.W.;
et al. Radiation exposure from CT scans in childhood and subsequent risk of leukaemia and brain tumours: A retrospective
cohort study. Lancet 2012, 380, 499–505. [CrossRef]

24. Liberati, A.; Altman, D.G.; Tetzlaff, J.; Mulrow, C.; Gotzsche, P.C.; Ioannidis, J.P.; Clarke, M.; Devereaux, P.J.; Kleijnen, J.; Moher, D.
The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate health care interventions:
Explanation and elaboration. J. Clin. Epidemiol. 2009, 62, e1–e34. [CrossRef] [PubMed]

25. Wan, K.R.; Kirollos, R.W.; Lee, H.Y.; Low, D.C.Y.; Ng, L.P.; Seow, W.T.; Low, S.Y.Y. Giant Aneurysm Arising from Anomalous
Branch of the Middle Cerebral Artery in a Pediatric Patient: Case Report and Review of the Literature. World Neurosurg. 2019,
128, 165–168. [CrossRef] [PubMed]

26. Brandel, M.G.; Plonsker, J.H.; Rennert, R.C.; Produturi, G.; Saripella, M.; Wali, A.R.; McCann, C.; Ravindra, V.M.; Santiago-Dieppa,
D.R.; Pannell, J.S.; et al. Treatment of pediatric intracranial aneurysms: Institutional case series and systematic literature review.
Childs Nerv. Syst. 2024; in press. [CrossRef]

27. Yasin, J.T.; Wallace, A.N.; Madaelil, T.P.; Osbun, J.W.; Moran, C.J.; Cross, D.T.; Limbrick, D.D.; Zipfel, G.J.; Dacey, R.G.; Kansagra,
A.P. Treatment of pediatric intracranial aneurysms: Case series and meta-analysis. J. Neurointerv. Surg. 2019, 11, 257–264.
[CrossRef] [PubMed]

28. Ciurea, A.V.; Mohan, A.; Voicu, A.; Saceleanu, V.; Moreanu, M.S.; Ples, H. Characteristics and Surgical Outcomes of Pediatric
Intracranial Aneurysms in Romania. Turk. Neurosurg. 2021, 31, 740–744. [CrossRef]

29. Proust, F.; Toussaint, P.; Garniéri, J.; Hannequin, D.; Legars, D.; Houtteville, J.P.; Fréger, P. Pediatric cerebral aneurysms. J.
Neurosurg. 2001, 94, 733–739. [CrossRef] [PubMed]

30. Agid, R.; Souza, M.P.; Reintamm, G.; Armstrong, D.; Dirks, P.; TerBrugge, K.G. The role of endovascular treatment for pediatric
aneurysms. Childs Nerv. Syst. 2005, 21, 1030–1036. [CrossRef]

31. Stiefel, M.F.; Heuer, G.G.; Basil, A.K.; Weigele, J.B.; Sutton, L.N.; Hurst, R.W.; Storm, P.B. Endovascular and surgical treatment of
ruptured cerebral aneurysms in pediatric patients. Neurosurgery 2008, 63, 859–866. [CrossRef]

32. Liang, J.; Bao, Y.; Zhang, H.; Wrede, K.H.; Zhi, X.; Li, M.; Ling, F. The clinical features and treatment of pediatric intracranial
aneurysm. Childs Nerv. Syst. 2009, 25, 317–324. [CrossRef] [PubMed]

33. Lv, X.; Jiang, C.; Li, Y.; Yang, X.; Wu, Z. Endovascular treatment for pediatric intracranial aneurysms. Neuroradiology 2009, 51,
749–754. [CrossRef] [PubMed]

34. Kakarla, U.K.; Beres, E.J.; Ponce, F.A.; Chang, S.W.; Deshmukh, V.R.; Bambakidis, N.C.; Zabramski, J.M.; Spetzler, R.F. Microsurgi-
cal treatment of pediatric intracranial aneurysms: Long-term angiographic and clinical outcomes. Neurosurgery 2010, 67, 237–249;
discussion 250. [CrossRef] [PubMed]

35. Gross, B.A.; Smith, E.R.; Scott, R.M.; Orbach, D.B. Intracranial aneurysms in the youngest patients: Characteristics and treatment
challenges. Pediatr. Neurosurg. 2015, 50, 18–25. [CrossRef] [PubMed]

36. Vargas, S.A.; Diaz, C.; Herrera, D.A.; Dublin, A.B. Intracranial Aneurysms in Children: The Role of Stenting and Flow-Diversion.
J. Neuroimaging 2016, 26, 41–45. [CrossRef] [PubMed]

37. Chen, R.; Zhang, S.; You, C.; Guo, R.; Ma, L. Pediatric intracranial aneurysms: Changes from previous studies. Childs Nerv. Syst.
2018, 34, 1697–1704. [CrossRef] [PubMed]

38. Amelot, A.; Saliou, G.; Benichi, S.; Alias, Q.; Boulouis, G.; Zerah, M.; Aghakhani, N.; Ozanne, A.; Blauwblomme, T.; Naggara, O.
Long-term Outcomes of Cerebral Aneurysms in Children. Pediatrics 2019, 143, e20183036. [CrossRef] [PubMed]

39. Nam, S.M.; Jang, D.; Wang, K.C.; Kim, S.K.; Phi, J.H.; Lee, J.Y.; Cho, W.S.; Kim, J.E.; Kang, H.S. Characteristics and Treatment
Outcome of Intracranial Aneurysms in Children and Adolescents. J. Korean Neurosurg. Soc. 2019, 62, 551–560. [CrossRef]
[PubMed]

40. Thioub, M.; Mbaye, M.; Thiam, A.B.; Mutomb, S.; Sy, C.; Faye, M.; Ba, M.C.; Badiane, S.B. Pediatric intracranial aneurysms in
Senegal: A series of 10 cases treated in unfavorable socio-economic conditions. Childs Nerv. Syst. 2019, 35, 165–168. [CrossRef]

41. Garrido, E.; Metayer, T.; Borha, A.; Langlois, O.; Curey, S.; Papagiannaki, C.; Di Palma, C.; Emery, E.; Derrey, S.; Gaberel, T.; et al.
Intracranial aneurysms in pediatric population: A two-center audit. Childs Nerv. Syst. 2021, 37, 2567–2575. [CrossRef]

42. Xu, R.; Xie, M.E.; Yang, W.; Gailloud, P.; Caplan, J.M.; Jackson, C.M.; Jackson, E.M.; Groves, M.L.; Robinson, S.; Cohen, A.R.; et al.
Epidemiology and outcomes of pediatric intracranial aneurysms: Comparison with an adult population in a 30-year, prospective
database. J. Neurosurg. Pediatr. 2021, 28, 685–694. [CrossRef] [PubMed]

43. Bhogal, P.; Perez, M.A.; Wendl, C.; Bazner, H.; Ganslandt, O.; Henkes, H. Paediatric aneurysms—Review of endovascular
treatment strategies. J. Clin. Neurosci. 2017, 45, 54–59. [CrossRef] [PubMed]

44. Yonas, H.; Dujovny, M. “True” traumatic aneurysm of the intracranial internal carotid artery: Case report. Neurosurgery 1980, 7,
499–502. [CrossRef] [PubMed]

45. Jung, K.H. New Pathophysiological Considerations on Cerebral Aneurysms. Neurointervention 2018, 13, 73–83. [CrossRef]
[PubMed]

46. Buckingham, M.J.; Crone, K.R.; Ball, W.S.; Tomsick, T.A.; Berger, T.S.; Tew, J.M., Jr. Traumatic intracranial aneurysms in childhood:
Two cases and a review of the literature. Neurosurgery 1988, 22, 398–408. [CrossRef] [PubMed]

https://doi.org/10.3171/jns.1966.25.2.0219
https://www.ncbi.nlm.nih.gov/pubmed/5911370
https://doi.org/10.1016/s0140-6736(12)60815-0
https://doi.org/10.1016/j.jclinepi.2009.06.006
https://www.ncbi.nlm.nih.gov/pubmed/19631507
https://doi.org/10.1016/j.wneu.2019.05.012
https://www.ncbi.nlm.nih.gov/pubmed/31082559
https://doi.org/10.1007/s00381-024-06384-x
https://doi.org/10.1136/neurintsurg-2018-014001
https://www.ncbi.nlm.nih.gov/pubmed/30100557
https://doi.org/10.5137/1019-5149.Jtn.32954-20.2
https://doi.org/10.3171/jns.2001.94.5.0733
https://www.ncbi.nlm.nih.gov/pubmed/11354404
https://doi.org/10.1007/s00381-005-1152-2
https://doi.org/10.1227/01.Neu.0000327573.42267.Cc
https://doi.org/10.1007/s00381-008-0725-2
https://www.ncbi.nlm.nih.gov/pubmed/18839183
https://doi.org/10.1007/s00234-009-0553-4
https://www.ncbi.nlm.nih.gov/pubmed/19557402
https://doi.org/10.1227/01.NEU.0000371727.71991.64
https://www.ncbi.nlm.nih.gov/pubmed/20539250
https://doi.org/10.1159/000370161
https://www.ncbi.nlm.nih.gov/pubmed/25721683
https://doi.org/10.1111/jon.12305
https://www.ncbi.nlm.nih.gov/pubmed/26459235
https://doi.org/10.1007/s00381-018-3818-6
https://www.ncbi.nlm.nih.gov/pubmed/29717350
https://doi.org/10.1542/peds.2018-3036
https://www.ncbi.nlm.nih.gov/pubmed/31068385
https://doi.org/10.3340/jkns.2019.0140
https://www.ncbi.nlm.nih.gov/pubmed/31484231
https://doi.org/10.1007/s00381-018-3943-2
https://doi.org/10.1007/s00381-021-05151-6
https://doi.org/10.3171/2021.6.Peds21268
https://www.ncbi.nlm.nih.gov/pubmed/34507296
https://doi.org/10.1016/j.jocn.2017.08.009
https://www.ncbi.nlm.nih.gov/pubmed/28887074
https://doi.org/10.1227/00006123-198011000-00016
https://www.ncbi.nlm.nih.gov/pubmed/7442999
https://doi.org/10.5469/neuroint.2018.01011
https://www.ncbi.nlm.nih.gov/pubmed/30196677
https://doi.org/10.1227/00006123-198802000-00022
https://www.ncbi.nlm.nih.gov/pubmed/3281054


Surgeries 2024, 5 447

47. Pepin, M.; Schwarze, U.; Superti-Furga, A.; Byers, P.H. Clinical and genetic features of ehlers–danlos syndrome type iv, the
vascular type. N. Engl. J. Med. 2000, 342, 673–680. [CrossRef] [PubMed]

48. Ducruet, A.F.; Hickman, Z.L.; Zacharia, B.E.; Narula, R.; Grobelny, B.T.; Gorski, J.; Connolly, E.S. Grobelny, Justin Gorski and E.
Sander Connolly Jr. Intracranial infectious aneurysms: A comprehensive review. Neurosurg. Rev. 2010, 33, 37–46. [CrossRef]
[PubMed]

49. Connolly, H.M.; Huston, J., III; Brown, R.D., Jr.; Warnes, C.A.; Ammash, N.M.; Tajik, A.J. Intracranial aneurysms in patients
with coarctation of the aorta: A prospective magnetic resonance angiographic study of 100 patients. Mayo Clin. Proc. 2003, 78,
1491–1499. [CrossRef] [PubMed]

50. Piastra, M.; Chiaretti, A.; Tortorolo, L. Ruptured intracranial mycotic aneurysm presenting as cerebral haemorrhage in an infant:
Case report and review of the literature. Child’s Nerv. Syst. 2000, 16, 190–193. [CrossRef]

51. Molyneux, A.J.; Kerr, R.S.; Yu, L.M.; Clarke, M.; Sneade, M.; Yarnold, J.A.; Sandercock, P. International subarachnoid aneurysm
trial (ISAT) of neurosurgical clipping versus endovascular coiling in 2143 patients with ruptured intracranial aneurysms: A
randomised comparison of effects on survival, dependency, seizures, rebleeding, subgroups, and aneurysm occlusion. Lancet
2005, 366, 809–817. [CrossRef]

52. McDougall, C.G.; Spetzler, R.F.; Zabramski, J.M.; Partovi, S.; Hills, N.K.; Nakaji, P.; Albuquerque, F.C. The Barrow Ruptured
Aneurysm Trial. J. Neurosurg. 2012, 116, 135–144. [CrossRef] [PubMed]

53. Spetzler, R.F.; McDougall, C.G.; Zabramski, J.M.; Albuquerque, F.C.; Hills, N.K.; Russin, J.J.; Partovi, S.; Nakaji, P.; Wallace, R.C.
The Barrow Ruptured Aneurysm Trial: 6-year results. J. Neurosurg. 2015, 123, 609–617. [CrossRef] [PubMed]

54. Sorteberg, A.; Dahlberg, D. Intracranial Non-traumatic Aneurysms in Children and Adolescents. Curr. Pediatr. Rev. 2013, 9,
343–352. [CrossRef] [PubMed]

55. O’Neal, C.M.; Ernst, G.L.; Hughes, K.L.; Stephens, T.M.; Hendrix, M.C.; Gross, N.L.; Bohnstedt, B.N.; Cheema, A.A. Reported
incidence and treatment modalities of giant cerebral aneurysms in the pediatric population: A systematic review and illustrative
case report. J. Clin. Neurosci. 2021, 90, 14–20. [CrossRef]

56. Navarro, R.; Brown, B.L.; Beier, A.; Ranalli, N.; Aldana, P.; Hanel, R.A. Flow diversion for complex intracranial aneurysms in
young children. J. Neurosurg. Pediatr. 2015, 15, 276–281. [CrossRef] [PubMed]

57. Ikeda, D.S.; Marlin, E.S.; Shaw, A.; Powers, C.J. Successful endovascular reconstruction of a recurrent giant middle cerebral artery
aneurysm with multiple telescoping flow diverters in a pediatric patient. Pediatr. Neurosurg. 2015, 50, 88–93. [CrossRef] [PubMed]

58. Wehman, J.C.; Hanel, R.A.; Levy, E.I.; Hopkins, L.N. Giant cerebral aneurysms: Endovascular challenges. Neurosurgery 2006, 59,
S3-125–S3-138. [CrossRef] [PubMed]

59. Tominaga, T. Giant Cerebral Aneurysm: Still Formidable Challenges in Modern Neurosurgery. Jma J. 2022, 5, 377–378. [CrossRef]
[PubMed]

60. Schievink, W.I.; Mokri, B.; Piepgras, D.G.; Gittenberger-de Groot, A.C. Intracranial Aneurysms and Cervicocephalic Arterial
Dissections Associated with Congenital Heart Disease. Neurosurgery 1996, 39, 685–690. [CrossRef]

61. Curtis, S.L.; Bradley, M.; Wilde, P.; Aw, J.; Chakrabarti, S.; Hamilton, M.; Martin, R.; Turner, M.; Stuart, A.G. Results of screening
for intracranial aneurysms in patients with coarctation of the aorta. Am. J. Neuroradiol. 2012, 33, 1182–1186. [CrossRef]

62. Donti, A.; Spinardi, L.; Brighenti, M.; Faccioli, L.; Leoni, C.; Fabi, M.; Trossello, M.P.; Gargiulo, G.D.; Bonvicini, M. Frequency
of intracranial aneurysms determined by magnetic resonance angiography in children (mean age 16) having operative or
endovascular treatment of coarctation of the aorta (mean age 3). Am. J. Cardiol. 2015, 116, 630–634. [CrossRef] [PubMed]

63. Flores, B.C.; Patel, A.R.; Braga, B.P.; Weprin, B.E.; Batjer, H.H. Management of infectious intracranial aneurysms in the pediatric
population. Childs Nerv. Syst. 2016, 32, 1205–1217. [CrossRef] [PubMed]

64. Eddleman, C.S.; Surdell, D.; DiPatri, A., Jr.; Tomita, T.; Shaibani, A. Infectious intracranial aneurysms in the pediatric population:
Endovascular treatment with Onyx. Childs Nerv. Syst. 2008, 24, 909–915. [CrossRef] [PubMed]

65. Pietro Mazzoni, M.; Chiriboga, C.A.; Millar, W.S.; Rogers, A. Intracerebral aneurysms in human immunodeficiency virus infection:
Case report and literature review. Pediatr. Neurol. 2000, 23, 252–255. [CrossRef]

66. Junichi Masuda, C.Y.; Waki, R.; Ogata, J.; Kuriyama, Y.; Yamaguchi, T. Histopathological analysis of the mechanisms of intracranial
hemorrhage complicating infective endocarditis. Stroke 1992, 23, 843–850. [CrossRef] [PubMed]

67. Bakhaidar, M.G.; Ahamed, N.A.; Almekhlafi, M.A.; Baeesa, S.S. Novo intracerebral aneurysm in a child with acquired immunode-
ficiency syndrome. Neurosciences 2015, 20, 285–291. [CrossRef] [PubMed]

68. Somboonnithiphol, K.; Chanthanaphak, E.; Singhara Na Ayudhaya, S.P.; Khongkhatithum, C.; Sirilert, B. Successful endovascular
treatment of pediatric basilar infectious (mycotic) aneurysm: A case report and review of the literature. Childs Nerv. Syst. 2021, 37,
2687–2693. [CrossRef] [PubMed]

69. Yazbak, P.A.; McComb, J.G.; Raffel, C. Pediatric traumatic intracranial aneurysms. Pediatr. Neurosurg. 1995, 22, 15–19. [CrossRef]
[PubMed]

70. de Gast, A.N.; Sprengers, M.E.; van Rooij, W.J.; Lavini, C.; Sluzewski, M.; Majoie, C.B. Long-term 3T MR angiography follow-up
after therapeutic occlusion of the internal carotid artery to detect possible de novo aneurysm formation. AJNR Am. J. Neuroradiol.
2007, 28, 508–510.

71. Sprengers, M.E.; van Rooij, W.J.; Sluzewski, M.; Rinkel, G.J.; Velthuis, B.K.; de Kort, G.A.; Majoie, C.B. MR angiography follow-up
5 years after coiling: Frequency of new aneurysms and enlargement of untreated aneurysms. AJNR Am. J. Neuroradiol. 2009, 30,
303–307. [CrossRef]

https://doi.org/10.1056/NEJM200003093421001
https://www.ncbi.nlm.nih.gov/pubmed/10706896
https://doi.org/10.1007/s10143-009-0233-1
https://www.ncbi.nlm.nih.gov/pubmed/19838745
https://doi.org/10.4065/78.12.1491
https://www.ncbi.nlm.nih.gov/pubmed/14661678
https://doi.org/10.1007/s003810050492
https://doi.org/10.1016/S0140-6736(05)67214-5
https://doi.org/10.3171/2011.8.JNS101767
https://www.ncbi.nlm.nih.gov/pubmed/22054213
https://doi.org/10.3171/2014.9.JNS141749
https://www.ncbi.nlm.nih.gov/pubmed/26115467
https://doi.org/10.2174/221155281120100005
https://www.ncbi.nlm.nih.gov/pubmed/24696670
https://doi.org/10.1016/j.jocn.2021.03.045
https://doi.org/10.3171/2014.9.PEDS14333
https://www.ncbi.nlm.nih.gov/pubmed/25555114
https://doi.org/10.1159/000375167
https://www.ncbi.nlm.nih.gov/pubmed/25790956
https://doi.org/10.1227/01.Neu.0000237330.11482.90
https://www.ncbi.nlm.nih.gov/pubmed/17053595
https://doi.org/10.31662/jmaj.2022-0109
https://www.ncbi.nlm.nih.gov/pubmed/35992288
https://doi.org/10.1097/00006123-199610000-00006
https://doi.org/10.3174/ajnr.A2915
https://doi.org/10.1016/j.amjcard.2015.05.030
https://www.ncbi.nlm.nih.gov/pubmed/26096998
https://doi.org/10.1007/s00381-016-3101-7
https://www.ncbi.nlm.nih.gov/pubmed/27179531
https://doi.org/10.1007/s00381-008-0614-8
https://www.ncbi.nlm.nih.gov/pubmed/18365209
https://doi.org/10.1016/S0887-8994(00)00179-X
https://doi.org/10.1161/01.STR.23.6.843
https://www.ncbi.nlm.nih.gov/pubmed/1595103
https://doi.org/10.17712/nsj.2015.3.20150064
https://www.ncbi.nlm.nih.gov/pubmed/26166600
https://doi.org/10.1007/s00381-020-04917-8
https://www.ncbi.nlm.nih.gov/pubmed/33030602
https://doi.org/10.1159/000121294
https://www.ncbi.nlm.nih.gov/pubmed/7888388
https://doi.org/10.3174/ajnr.A1353


Surgeries 2024, 5 448

72. Hetts, S.W.; English, J.D.; Dowd, C.F.; Higashida, R.T.; Scanlon, J.T.; Halbach, V.V. Pediatric intracranial aneurysms: New and
enlarging aneurysms after index aneurysm treatment or observation. AJNR Am. J. Neuroradiol. 2011, 32, 2017–2022. [CrossRef]
[PubMed]

73. Ravindra, V.M.; Karsy, M.; Schmidt, R.H.; Taussky, P.; Park, M.S.; Bollo, R.J. Rapid de novo aneurysm formation after clipping
of a ruptured middle cerebral artery aneurysm in an infant with an MYH11 mutation. J. Neurosurg. Pediatr. 2016, 18, 463–470.
[CrossRef] [PubMed]

74. Kadian-Dodov, D.; Gornik, H.L.; Gu, X.; Froehlich, J.; Bacharach, J.M.; Chi, Y.W.; Gray, B.H.; Jaff, M.R.; Kim, E.S.; Mace, P.; et al.
Dissection and Aneurysm in Patients With Fibromuscular Dysplasia: Findings From the U.S. Registry for FMD. J. Am. Coll.
Cardiol. 2016, 68, 176–185. [CrossRef] [PubMed]

75. Touze, E.; Southerland, A.M.; Boulanger, M.; Labeyrie, P.E.; Azizi, M.; Bouatia-Naji, N.; Debette, S.; Gornik, H.L.; Hussain, S.M.;
Jeunemaitre, X.; et al. Fibromuscular Dysplasia and Its Neurologic Manifestations: A Systematic Review. JAMA Neurol. 2019, 76,
217–226. [CrossRef] [PubMed]

76. Nakamura, M.; Rosahl, S.K.; Vorkapic, P.; Forster, C.; Samii, M. De novo formation of an aneurysm in a case of unusual intracranial
fibromuscular dysplasia. Clin. Neurol. Neurosurg. 2000, 102, 259–264. [CrossRef] [PubMed]

77. Wostrack, M.; Sandow, N.; Vajkoczy, P.; Schatlo, B.; Bijlenga, P.; Schaller, K.; Kehl, V.; Harmening, K.; Ringel, F.; Ryang, Y.M.; et al.
Subarachnoid haemorrhage WFNS grade V: Is maximal treatment worthwhile? Acta Neurochir. 2013, 155, 579–586. [CrossRef]
[PubMed]

78. Taylor, C.J.; Robertson, F.; Brealey, D.; O’Shea, F.; Stephen, T.; Brew, S.; Grieve, J.P.; Smith, M.; Appleby, I. Outcome in poor grade
subarachnoid hemorrhage patients treated with acute endovascular coiling of aneurysms and aggressive intensive care. Neurocrit.
Care 2011, 14, 341–347. [CrossRef] [PubMed]

79. Mundkur, N. Neuroplasticity in children. Indian J. Pediatr. 2005, 72, 855–857. [CrossRef] [PubMed]
80. Cobb, M.I.-P.H.; Zomorodi, A.R.; Hauck, E.F.; Smith, T.P.; Fernando Gonzalez, L. Optimal pediatric dosing of anti-platelet agents

for pipeline stent embolization—A case report and review of the literature. Child’s Nerv. Syst. 2017, 33, 685–690. [CrossRef]
81. Barburoglu, M.; Arat, A. Flow Diverters in the Treatment of Pediatric Cerebrovascular Diseases. AJNR Am. J. Neuroradiol. 2017,

38, 113–118. [CrossRef]
82. Zacharia, B.E.; Hickman, Z.L.; Grobelny, B.T.; DeRosa, P.; Kotchetkov, I.; Ducruet, A.F.; Connolly, E.S., Jr. Epidemiology of

aneurysmal subarachnoid hemorrhage. Neurosurg. Clin. N. Am. 2010, 21, 221–233. [CrossRef] [PubMed]
83. Macdonald, R.L. Delayed neurological deterioration after subarachnoid haemorrhage. Nat. Rev. Neurol. 2014, 10, 44–58. [CrossRef]

[PubMed]
84. Pickard, J.D.; Murray, G.D.; Illingworth, R.; Shaw, M.D.; Teasdale, G.M.; Foy, P.M.; Humphrey, P.R.; Lang, D.A.; Nelson, R.;

Richards, P.; et al. Effect of oral nimodipine on cerebral infarction and outcome after subarachnoid haemorrhage: British aneurysm
nimodipine trial. BMJ 1989, 298, 636–642. [CrossRef] [PubMed]

85. Rumalla, K.; Smith, K.A.; Arnold, P.M.; Mittal, M.K. Subarachnoid Hemorrhage and Readmissions: National Rates, Causes, Risk
Factors, and Outcomes in 16,001 Hospitalized Patients. World Neurosurg. 2018, 110, e100–e111. [CrossRef] [PubMed]

86. Ciurea, A.V.; Palade, C.; Voinescu, D.; Nica, D.A. Subarachnoid hemorrhage and cerebral vasospasm—Literature review. J. Med.
Life 2013, 6, 120–125. [PubMed]

87. Lee, D.; Lee, J.; Kim, K.H.; Kim, J.H.; Lee, J. Diffuse Cerebral Vasospasm After Aneurysmal Subarachnoid Hemorrhage in a
15-Year-Old Girl: A Case Report. Front. Radiol. 2021, 1, 774739. [CrossRef]

88. Heffren, J.; McIntosh, A.M.; Reiter, P.D. Nimodipine for the Prevention of Cerebral Vasospasm After Subarachnoid Hemorrhage
in 12 Children. Pediatr. Neurol. 2015, 52, 356–360. [CrossRef] [PubMed]

89. Gillis, H.; Lovett, M.; O’Brien, N. 782: Novel Treatment of Cerebral Vasospasm following Aneurysm Rupture in a Pediatric
Patient. Crit. Care Med. 2019, 47, 370. [CrossRef]

90. Zhou, S.; Dion, P.A.; Rouleau, G.A. Genetics of Intracranial Aneurysms. Stroke J. Cereb. Circ. 2018, 49, 780–787. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3174/ajnr.A2680
https://www.ncbi.nlm.nih.gov/pubmed/22081674
https://doi.org/10.3171/2016.5.PEDS16115
https://www.ncbi.nlm.nih.gov/pubmed/27367753
https://doi.org/10.1016/j.jacc.2016.04.044
https://www.ncbi.nlm.nih.gov/pubmed/27386771
https://doi.org/10.1001/jamaneurol.2018.2848
https://www.ncbi.nlm.nih.gov/pubmed/30285053
https://doi.org/10.1016/s0303-8467(00)00114-1
https://www.ncbi.nlm.nih.gov/pubmed/11154818
https://doi.org/10.1007/s00701-013-1634-z
https://www.ncbi.nlm.nih.gov/pubmed/23397308
https://doi.org/10.1007/s12028-010-9377-7
https://www.ncbi.nlm.nih.gov/pubmed/20464529
https://doi.org/10.1007/BF02731115
https://www.ncbi.nlm.nih.gov/pubmed/16272658
https://doi.org/10.1007/s00381-016-3311-z
https://doi.org/10.3174/ajnr.A4959
https://doi.org/10.1016/j.nec.2009.10.002
https://www.ncbi.nlm.nih.gov/pubmed/20380965
https://doi.org/10.1038/nrneurol.2013.246
https://www.ncbi.nlm.nih.gov/pubmed/24323051
https://doi.org/10.1136/bmj.298.6674.636
https://www.ncbi.nlm.nih.gov/pubmed/2496789
https://doi.org/10.1016/j.wneu.2017.10.089
https://www.ncbi.nlm.nih.gov/pubmed/29107164
https://www.ncbi.nlm.nih.gov/pubmed/23904869
https://doi.org/10.3389/fradi.2021.774739
https://doi.org/10.1016/j.pediatrneurol.2014.11.003
https://www.ncbi.nlm.nih.gov/pubmed/25585913
https://doi.org/10.1097/01.ccm.0000551531.60217.4b
https://doi.org/10.1161/STROKEAHA.117.018152

	Introduction 
	Materials and Methods 
	Study Design, Patient Demographics, and Variables of Interest 
	Outline of Treatment Workflow 
	Literature Review 

	Results 
	Baseline Patient Characteristics 
	Aneurysm Features: Morphology, Location, and Aetiology 
	Treatment Modalities and Outcomes 
	Illustrative Case Example: Challenging Diagnosis 
	Literature Review Findings 

	Discussion 
	Pediatric Intracranial Aneurysms: An Overview 
	Aneurysm Morphology and Management Outcomes: Our Institutional Experience 
	Risk Factors Unique to the Pediatric Population 
	Clinical Outcomes 
	Aneurysmal Cerebral Vasospasm: Is This Phenomenon Less Prevalent in Children? 
	Study Critique and Future Directions 

	Conclusions 
	References

