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Abstract

Pediatric middle cerebral artery aneurysms are often complicated by subsequent rupture and subarachnoid hemorrhage.
Unruptured middle cerebral artery aneurysms are rare in infancy. Here, we present a rare case of a |3-month-old male who
underwent clip ligation for the treatment of an incidental M3 aneurysm.
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Introduction

Ruptured intracranial aneurysms are exceedingly rare in
the pediatric population, representing approximately
0.17%—4.6% of all intracranial aneurysms.' Rupture, hem-
orrhage, and significant loss of neurologic functioning are
typical manifestations of pediatric intracranial aneurysms,
highlighting the importance of timely medical intervention
despite their rarity.> Several case series have indicated
pediatric intracranial aneurysms are more often fusiform
and located in the MCA when compared to those in
adults.>* Furthermore, pediatric MCA aneurysms tend to
incorporate the origins of proximal artery branches and are
more likely to develop into giant aneurysms (>25mm) as
compared to adults.>® Thus, the clinical management of
MCA aneurysms in pediatric patients is often complex and
challenging, requiring a robust, multidisciplinary care-
providing team.

Clip ligation is a common therapeutic utilized for the
treatment of MCA aneurysms.”® Other management strate-
gies include endovascular treatment, surgical decompression
without aneurysm treatment, and medical supportive man-
agement only.>!? It is, however, important to note that most
reported cases of pediatric MCA aneurysms primarily occur
in children and adolescents.!! Reports of MCA aneurysms in
infancy are limited to a few case reports, and a majority of
MCA aneurysms in infancy are identified in patients present-
ing with hemorrhage (Table 1).%1213

Case report

We present a case of a 13-month-old male with an inciden-
tal right M3 aneurysm. He initially presented to the emer-
gency department with signs and symptoms of a viral
illness. No significant family history relevant to the
patient’s current symptoms is reported. He was found to
have a head circumference greater than the ninetieth per-
centile, so he underwent a limited sequence HASTE mag-
netic resonance imaging (MRI) brain. This revealed a round
lesion at the right frontoparietal junction, which prompted
further investigation. On full sequence MRI brain with and
without contrast, this was revealed to be a distal MCA
aneurysm (Figure 1(a)). The child underwent a diagnostic
angiogram to confirm the diagnosis and aid in surgical
decision-making. This demonstrated a 7.2 mm X 5 mm sac-
cular distal M3/4 parietal branch aneurysm (Figure 2(a)
and (b)). There were otherwise no abnormalities of the cer-
ebrovasculature noted. Given the superficial and surgically
accessible location of the aneurysm, as well as the longev-
ity of clip ligation, the decision was made for the right
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Table |. Review of reported distal MCA aneurysm in pediatric patients as of April 2024.

Citation

Symptoms and neurologic
signs

Lesion location Treatment

Qutcome

Huang et al.®

Buis et al."?

Lasjaunias
etal'?

A 14-year-old male patient
presented with headache
and partial thrombosis of
aneurysm

127 pediatric patients with
MCA aneurysms were
included in this analysis

12 pediatric patients with
MCA aneurysms were
included in this analysis

Left MCA Clipping and resection with deep
hypothermic circulatory bypass

Left MCA in 86 patients were treated in this cohort.

52 cases; right Treatments included surgical clip

MCA in 43 application (n=41), surgical resection

cases or cauterization of the aneurysm
(n=23), ligation or trapping of the
vessel or the parent vessel (n=8),
endovascular embolization or coiling
(n=10), or antibiotics only (n=4)

Not specified 7 patients with MCA aneurysms were

treated in this cohort. Treatments
included antibiotics (n=4) and clipping
(n=3)

No adverse events
reported

Spontaneous thrombosis
(n=5) and hydrocephalus
(n=3) were complications
associated with treatment.
Treated patients
demonstrated 75% survival
rates in the first 3 weeks
after treatment

| patient in this cohort
was lost to follow-up.

No adverse events were
reported with either
therapeutic approaches

Figure |. Preoperative MRI with contrast (a) and postoperative MRI angiography (b) demonstrating resolution of the aneurysm (red

arrow).

craniotomy for clip ligation. While not urgent, surgery was
planned for 1 month thereafter. However, the patient pre-
sented preop with a symptomatic respiratory illness, and
elective treatment was rescheduled. He ultimately under-
went operative intervention 2months later. The patient
underwent a right pterional craniotomy (see attached
video). Exposure of the lesion revealed that the proximal
vessel appeared plastered to the dome of the aneurysm and
plugged into the dome of the aneurysm, with the outflow
going to the temporal lobe. There was noted to be an inter-
vening aneurysm dome between the inflow and the outflow
of the aneurysm. A clip reconstruction was attempted given
this configuration but was unsuccessful given the size and
location of the lesion. Reanastomosis was attempted, but

vessel length prohibited the success. Ultimately, permanent
clips were placed at the aneurysm inflow and outflow, and
the dome was carefully dissected and removed. This was
sent to pathology (see pathology section for greater detail)
(Figure 3). Intraoperative indocyanine green was utilized to
demonstrate flow and to allow for manipulation of the clips
as desired. Genetic testing was not performed on the aneu-
rysm tissue. Postoperative MRI revealed no stroke or
sequela of ischemia. The patient was seen in follow-up sev-
eral times; he remains neurologically intact. MRI/magnetic
resonance angiogram completed 6 months postoperatively
without evidence of recurrence or de novo aneurysm for-
mation (Figure 1(b)). Follow-up will be annual moving
forward.
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Figure 2. AP (a) and oblique (b) right ICA representative angiographic images demonstrating the distal right MCA aneurysm.

Discussion

Considering the rarity of pediatric MCA aneurysms, it is cru-
cial to discuss the clinical course and management of such
cases to expand our understanding of this condition and
improve therapy. The optimal management strategy remains
unclear; However, within this case, permanent clip ligation
is found to be successful without immediate adverse seque-
lae. This supports the findings reported by Clarke et al.” in
their analysis of pediatric intracranial aneurysms.
Investigating articles spanning 40years between 1980 and
2020, they found that open surgical aneurysm ligation made
up the majority of cases, with a predominance of cases
involving idiopathic aneurysms.® When compared to adults,
clip ligation for MCA or anterior communicating artery
aneurysms was found to convey more favorable long-term
outcomes in infant patients.® Notably, in this case, the lesion
was complex in nature, even within the scope of pediatric
aneurysms, incorporating fused vessels and compound aneu-
rysmal domes. The success of this treatment thus further
implies the generalizability of clip ligation as an effective
first-line treatment when such a lesion is detected.
Furthermore, outside of infectious, neoplastic, and trau-
matic induction, for which this patient has no indication, the
cause of pediatric aneurysms remains a controversial topic
and is often reported as idiopathic or possibly congenital
relating to various discrete defects and genetic conditions,
such as polycystic kidney disease, tuberous sclerosis, Ehlers-
Danlos, and Marfan syndrome.'# These unclear origins, cou-
pled with the asymptomatic nature of this form of aneurysm,

present the risk that it may go undetected until rupture, pos-
ing it as an insidious threat. Specifically, it has been demon-
strated that children with ruptured aneurysms experience
higher rates of subarachnoid hemorrhage, hematoma, sei-
zures, prolonged hospital stays, and poor outcomes overall
when compared to children with unruptured aneurysms.'>'8

Due to the rarity of these lesions, there is little literature on
the histopathologic changes in pediatric or pediatric intracra-
nial aneurysms. Increased inflammatory cells and decreased
smooth muscle cells have been associated with an increased
risk of rupture in the intracranial aneurysms of adults.'*?° In the
adult aortic setting, there have been investigations into whether
certain histologic findings are associated with syndromic aneu-
rysms versus other etiologies, with some evidence to suggest
there may be subtle differences.?! In this report, the absence of
key structural components including the tunica intima, tunica
media, and elastic lamina suggests the etiology of this patient’s
aneurysm is likely congenital in nature.?>?? Further histologic
studies may lead to an enhanced understanding of the patho-
physiology of pediatric aneurysms and may reveal biomarkers
useful for predicting the risk of rupture.

While screening explicit prevention would be ideal, there
does not appear to be a single central etiology of pediatric
MCA aneurysms that can be leveraged. Short of imaging
every child born with a corollary condition, there is currently
no explicit mode of detection of unruptured idiopathic aneu-
rysms outside of ancillary and fortuitous findings.?* That
being said, when aneurysms are detected, early treatment,
such as that opted for in this case, is vital for the prevention
of lasting complications or sequelae up to and including
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Figure 3. Pathology: Hematoxylin-and-eosin-stained sections revealed a segment of the artery with significant alterations of the vessel
wall and focal thinning (a). There is little to no tunica intima or tunica media (b). Rather, the wall is predominantly adventitia or fibrous
tissue, as highlighted by trichrome stain (c). An absent internal elastic lamina is confirmed by Verhoeff-Van Gieson elastin stain (d).

possible death via rupture/hemorrhage. More research is
necessary to understand the underlying pathogenesis and
identify risk factors for developing pediatric MCA
aneurysms.

In general, pediatric cerebral angiography, endovascular
treatment, and open surgery are safe procedures with low
rates of major and permanent complications.?>® However, it
is important to note that these procedures still convey certain
risks, particularly for pediatric patients. Non-neurologic
complications such as groin hematoma and femoral artery
occlusion have been observed following cerebral angiogra-
phy in children younger than 3 years of age.?” Complications
following endovascular treatment may include vasospasm,
though these risks remain relatively unexplored in infancy.?

Hemiparesis, infection, and subdural fluid collection requir-
ing shunt placement are complications related to craniotomy
in infants, though these complications are similar to patients
of all ages receiving open surgery for various pathologies
requiring neurosurgical intervention.?*-3! Additional research
should be conducted to better understand specific risk factors
for patients receiving the aforementioned treatments in
infancy.

Overall, this case provides an example in which the inci-
dental detection of a rare and unexpected life-threatening
condition permitted effective and successful treatment before
the onset of any devastating complications. Furthermore, the
case presented highlights the inherent complexity and con-
siderations required in managing MCA aneurysms in infancy
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and supports the efficacy of clip ligation. Future research and
more case reports are necessary to better understand the
pathogenesis of unruptured MCA aneurysms in infants to
ultimately develop and refine optimal therapeutic strategies.

Conclusion

The prevalence of unruptured distal MCA aneurysms in the
pediatric population is exceedingly rare. We have described
the unique case of a 13-month-old male treated for an inci-
dental right M3 aneurysm via clip ligation. This report con-
tributed to the limited body of research regarding the
presentation of unruptured infantile MCA aneurysms before
the onset of devastating neurologic complications.
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