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Abstract

A complete understanding of the rare neurosurgical phenomenon of co-occurring meningioma and
intracranial aneurysm is important to improve the quality of life and decrease future complications in these
patients. In this review, we searched the literature for cases of this rare phenomenon to highlight the most
important historical, investigation, and treatment-related factors to improve the accuracy of intraoperative
procedural decisions. We searched the PubMed database for case reports on this neurological rare
phenomenon to create organized data for our review. Then, we extracted information from these cases and
organized it in a table. We identified 19 cases in the literature. In the published studies, there was a
predominance of the female sex (73.68%). The mean age of the patients was 54.11 years, with the cases
relatively evenly distributed among patients in their 30s, 40s, 50s, 60s, and 70s. Posterior communicating
artery aneurysm was the most common among the 19 cases. For meningioma, the frontal lobe and clinoid
were the two most affected locations, and the meningothelial histopathology was the most common.
Complete tumor resection and aneurysmal clipping were done for the majority of the cases (57.8%) unless
there was a complication that deferred simultaneous intervention. Fortunately, most patients (78.95%)
recovered completely after surgery. The coexistence of meningioma and intracranial aneurysm has a very
high cure rate, postoperative symptom resolution, and a very low recurrence rate. For most cases,
neuroimaging investigations are recommended for simultaneous management. This imaging can also
highlight other potentially suspicious findings.

Categories: Neurology, Neurosurgery, Cardiac/Thoracic/Vascular Surgery
Keywords: meningioma, coexistence, cerebral aneurysm, rupture of intracranial aneurysms, subarachnoid
hemorrhage, intracranial aneurysm

Introduction And Background

Subarachnoid hemorrhage (SAH) and other potentially catastrophic problems can result from the rupture of
intracranial aneurysms, a cerebrovascular condition characterized by aberrant bulging of the cerebral

artery [1]. There are three types of intracranial aneurysm, namely, saccular, which represents 90% of all
cases, fusiform, and dissecting [2]. The circle of Willis is the most commonly affected arterial structure due
to its high wall shear stress, which might restrict blood flow and cause an intracranial aneurysm [3-5]. The
prevalence of intracranial aneurysms ranges from 2% to 5% in adults, and the rupture rate ranges from 8 to
10 per 100,000 each year [3]. Meningioma frequently develops from the meninges, specifically the arachnid
layer, that surrounds the brain and spinal cord in the form of a benign central nervous system tumor [6]. The
World Health Organization (WHO) classifies meningiomas into three grades, namely, grade I, benign; grade
11, atypical; and grade III, malignant [7]. Atypical meningiomas are characterized by more tissue and cell
abnormalities, and they expand faster and recur more often than benign tumors [7]. Unfortunately, grade III
malignant meningiomas have the worst prognosis. Their growth and invasion rates are the highest of the
three grades [7]. A large proportion of primary brain tumors (37.6%) are meningiomas, which also account
for nearly 50% of all benign brain tumors, with a higher incidence in adults [6,8]. Interestingly, the co-
occurrence of intracranial aneurysm and meningioma has been reported in several studies. The debate about
the accurate pathophysiological process is mainly due to the low epidemiological prevalence of this co-
occurrence: seven of 956 (0.73%) [9], two of 1,500 cases (0.13%) [10], and five of 426 cases (1.17%) [11].
Moreover, Handa et al. [9] reported that of 134 tumors with aneurysms, 40 were meningiomas (29.85%) [9].
These facts prompt the need to study and discuss the factors that influence the co-occurrence of
meningioma and intracranial aneurysms. Hence, in this review, we identified published case reports of this
phenomenon.

The main aim of this study is to evaluate the documented cases reporting the co-occurrence of meningioma
and intracranial aneurysms published between 1981 and 2023 and specifically discuss three points of view
(preoperative, intraoperative, and postoperative considerations) to identify the factors that

influence meningioma and intracranial aneurysms coexistence, leading to a better understanding of these
rare cases and improving the intraoperative procedural decisions. Second, this study aims to examine the
potential correlation and underlying mechanisms of the co-occurrence of intracranial aneurysm and
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meningioma. Gathering information regarding this neurosurgical phenomenon can lead to improvement in
the quality of life of these patients and minimize the risk of any future complications by exploring and
implementing the most effective management strategies specifically designed for such cases.

Review
Methodology

We performed a preliminary search of the PubMed database to find cases where meningioma and cerebral
aneurysms coexisted. We included all English-language cases from the PubMed database that were reported
to have both intracranial aneurysm and meningoma concurrently. We used the following terms for the
advanced search to identify all the specific case reports: ((Aneurysm) AND (Meningioma) AND (Case Report)
AND (Coexistence)). The time filter was from 1981 to 2023. Studies that did not appear in PubMed, were not
written in English, or focused solely on meningioma or intracranial aneurysm without discussing their
coexistence were omitted. In total, 14 of the 16 studies were incorporated into our final review (Figure 7). A
total of 19 distinct cases were found in these 14 studies. Quality assessment of the study was done using the
Critical Appraisal Skills Programme Checklist [12].
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FIGURE 1: Preferred Reporting Items for Systematic Reviews and Meta-
Analyses flowchart.

Results

Table I outlines the reported age, sex, comorbidities, and symptoms in the case studies. The age of the
patients ranged from 34 to 71 years, with a mean of 54.11 years, a median of 55 years, and a mode of 55
years. Among the 19 patients, three were in their 30s (15.79%), four were in their 40s (21.05%), five were in
their 50s (26.32%), four were in their 60s (21.05%), and three were in their 70s (15.79%). Of the 19 patients,
five were male (26.32%) and 14 were female (73.68%). Hypertension was the most common comorbidity (six
of 19 cases, 31.58%). Overall, one (5.26%) patient had a history of allergic reaction to contrast medium, one
patient had diabetes mellitus (5.26%), one (5.26%) patient had atherosclerosis, one (5.26%) patient had
ulcerative colitis, and one (5.26%) patient had restless legs syndrome and parkinsonism. Eleven authors did
not mention the patients’ comorbidities. None of the authors mentioned the patients’ habits (e.g., smoking
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Author Age
Javalkar et al., 2009
70

[11]
Javalkar et al., 2

valkar et al., 2009 55
[11]
Javalkar, et al., 2

valkar, et al., 2009 37
[11]
Javalkar et al., 2

valkar et al., 2009 63
[11]
Javalkar, et al., 2009 61
[11]
Shigemori et al., 1991

gemor 49

[13]
Suslu etal., 2009 [14] 41

Paraskevopoulos et al., 55
2011 [15]

Alnaami et al., 2013
[16]

34

Wagqas et al., 2015[17] 60

Eulate-Beramendi et
al., 2017 [18]

71

Eulate-Beramendi et
al., 2017 [18]

67

Zhou et al., 2017 [19] 53

Yip et al., 2019 [20] 71

Papadimitriou et al.,
2020 [21]

55

Tanaka et al., 2022 [22] 52
Algburi et al., 2022 [23] 48
Wei et al., 2022 [24] 38

Onyia et al., 2023 [25] 48

and alcohol use). The predominant presenting symptom was headache in 11 (57.89%) cases. Other prevalent
symptoms include ptosis (10.53%), memory disruption (10.53%), speech disturbance (10.53%), and seizures

(10.53%). Additional symptoms, each reported in 5.26% of cases, included weakness in the lower limb,
unsteady gait, drowsiness, confusion, decline in performance, behavioral disturbance, diminished vision,
diplopia, vertigo, vomiting, and loss of consciousness.

sex Comorbidities Symptoms
Sudden severe headache and diminished vision in the
Female N/A .
right eye
Female N/A Speech disturbance
Female N/A Not mentioned
Female N/A The worst headache of her life
Female N/A Sudden severe headache
Male N/A Headache, .memory disturbance, and weakness in the
right lower limb
Female N/A Chronic headache
Female Allergy to contrast medium Two episodes of vertigo

Male N/A Difficulty sleeping, and the worst headache of his life

Female Hypertension Drowsiness and inability to open her left eye for 10 days

Female Hypertension and diabetes mellitus Gait disturbance

Female Ulcerative colitis Confusion and behavioral disturbance

Male Hypertension and atherosclerosis Sudden onset of headache and vomiting

Male Hypertension, restless legs Headache, unsteady gait, slurred speech, and decline
syndrome, and parkinsonism in memory and performance

Female N/A One episode of a generalized tonic-clonic seizure

Female Hypertension Persistent morning headache

Female N/A Loss of consciousness and recurrent seizures

Male N/A Headache

Female HTN Headache with complete left ptosis and diplopia

TABLE 1: Characteristics of individuals in the case reports.

Table 2 presents the specific characteristics of meningioma patients based on reported cases. The frontal
lobe and clinoid were the most frequently affected locations (each in four of 19 cases, 21.05%). Other
locations included sphenoid (three of 19 cases, 15.79%), the pterional region (two of 19 cases, 10.53%), and
the falcine sinus (two of 19 cases, 10.53%). Less frequently involved regions were petroclival, sella, and
intrahemispheric, each reported in one of 19 cases (5.26%). Histopathological classification was not
specified in 10 of 19 cases (52.63%). Among the specified cases, eight of 19 (42.10%) were grade I
meningiomas. Of these, five were meningothelial (62.5%), one fibroblastic (12.5%), one psammomatous
(12.5%), and one transitional (12.5%). A single case (5.26%) was described as a grade II fibrous tumor with
hemangiopericytoma. It illustrates the aneurysmal arteries that are connected to meningiomas. The internal
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Author

Javalkar et al.,
2009 [11]

Javalkar et al.,
2009 [11]

Javalkar et al.,
2009 [11]

Javalkar et al.,
2009 [11]

Javalkar et al.,
2009 [11]

Shigemori et al.,
1991 [13]

Suslu et al., 2009
[14]

Paraskevopoulos
etal., 2011 [15]

Alnaami et al.,
2013 [16]

Wagqas et al.,
2015 [17]

Eulate-
Beramendi et al.,
2017 [18]

Eulate-
Beramendi et al.,
2017 [18]

Location

Right pterional

meningioma

Clinoidal

meningioma

Left petroclival

meningioma

Planum
sphenoidale

meningioma

Incidental clinoidal

meningioma

Left frontal

meningioma

Left frontal

meningioma

Left anterior
clinoidal

meningioma

Intrahemispheric

meningioma

Clinoidal

meningioma

Left posterior

meningioma

Left medial
sphenoidal wing

meningioma

Left medial

carotid artery (ICA), middle cerebral artery (MCA), anterior cerebral artery (ACA), posterior communicating
artery (PcomA), anterior communicating artery (AcomA), pericallosal artery, and frontopolar artery were
identified. ICA aneurysms occurred in five of 19 cases (26.31%), with ophthalmic artery involvement in 40%
of these cases and cavernous segment involvement in 20%. PcomA aneurysms were observed in six of 19
cases (31.58%), predominantly on the right side (66.67%). AcomA aneurysms were present in four of 19
cases (21.05%), with 25% on the left side. MCA aneurysms occurred in three of 19 cases (15.79%), mostly on
the right side (66.67%). ACA aneurysms were identified in two of 19 cases (10.52%), evenly distributed
between the left and right sides. Additionally, aneurysms of the left pericallosal artery and right frontopolar
artery were observed in two of 19 cases (10.52%) and one of 19 cases (5.26%), respectively, with precise
locations not reported for the remaining cases. Regarding management, a majority of patients underwent
complete tumor resection and aneurysmal clipping (11 of 19 cases, 57.89%). Others were treated by complete
tumor resection only (one of 19 cases, 5.26%), partial tumor resection and aneurysm embolization (one of
19 cases, 5.26%), and craniotomy resulting in SAH (one of 19 cases, 5.26%). The second most common
management involved complete tumor resection and aneurysmal embolization (three of 19 cases, 15.79%).
Lastly, in one of 19 cases (5.26%), the patient underwent preoperative embolization before complete tumor
resection. The prognosis was generally favorable, as shown in Table 2, with most patients experiencing full
recovery after surgery (15 of 19 cases, 78.95%). One (5.26%) patient reported a reduction in headaches.
However, less successful outcomes were noted, with one (5.26%) patient still experiencing headaches, a

second patient (5.26%) developing a hemorrhage in the left Sylvian fissure/mild right hemiparesis, and
another patient (5.26%), unfortunately, died two days after surgery.

Histopathology

N/A

N/A

N/A

N/A

N/A

Typical meningotheliomatous

meningioma, grade |

Fibroblastic meningioma,

grade |

N/A

Meningioma with embolization

material within the tumor,

grade |

N/A

Meningothelial meningioma,

grade |

Meningothelial meningioma,

grade |
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Aneurysmal artery

Bilateral PcomA

Right PcomA

Incidental ICA

AcomA complicated with
SAH

Right PcomA

M1 portion of left MCA

Cavernous segment of ICA

Right MCA and left ACA

The distal left pericallosal

artery

ICA

Right PcomA aneurysm

Incidental right PcomA

Management

Complete tumor
resection/aneurysmal

clipping

Complete tumor
resection/aneurysmal

clipping

Complete tumor
resection/aneurysmal

clipping

Complete tumor
resection/aneurysmal

clipping

Aneurysmal clipping

Complete tumor
resection/aneurysmal

clipping

Complete tumor resection

only

Complete tumor
resection/aneurysmal

clipping

Partial tumor
resection/aneurysmal

embolization

Complete tumor
resection/aneurysmal

clipping

Complete tumor
resection/aneurysmal

embolization

Craniotomy led to SAH

Complete tumor

Prognosis

Full recovery after surgery

Full recovery after surgery

Full recovery after surgery

Full recovery after surgery

Full recovery after surgery

Uneven, full, still

complaining of headache

Full recovery after surgery

Hemorrhage in the left
Sylvian fissure/mild right

hemiparesis

Full recovery after surgery

Full recovery after surgery

Full recovery after surgery

The patient died after two

days of the surgery
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Zhou et al., 2017
[19]

Yip et al., 2019
[20]

Papadimitriou et
al., 2020 [21]

Tanaka et al.,
2022 [22]

Algburi et al.,
2022 [23]

Wei et al., 2022
[24]

Onyia et al.,
2023 [25]

sphenoidal wing

meningioma

Right

frontotemporal

Falcine

meningioma

Right frontal

meningioma

Ipsilateral frontal

meningioma

Right paraflacine

meningioma

Sellar meningioma

N/A Left ICA-ophA resection/aneurysmal Headaches were reduced
embolization

Fibrous Complete tumor

tumor/hemangiopericytoma, Bifurcation of the right MCA resection/aneurysmal Full recovery after surgery

grade Il clipping

Left pericallosal artery, left Preoperative embolization

Meningothelial meningioma,
AcomA, and right frontopolar

before complete tumor Full recovery after surgery

grade |
artery resection
Complete tumor
Transitional meningioma,
el Left ICA-OphA resection/aneurysmal Full recovery after surgery
grade
embolization
Complete tumor
N/A AcomA resection/aneurysmal Full recovery after surgery
clipping

Complete tumor

Meningothelial meningioma, AcomA and A1, A2 of right

resection/aneurysmal Full recovery after surgery
grade | ACA o

clipping

Complete tumor
Psammamatous meningioma,

.. Left PcomA resection/aneurysmal Full recovery after surgery

grade o

clipping

TABLE 2: Characteristics of meningioma and the affected artery in the reported cases.

PcomA = posterior communicating artery; ICA = internal carotid artery; SAH = subarachnoid hemorrhage; MCA = middle cerebral artery; ACA = anterior

cerebral artery

Discussion

Explanation for the Co-occurrence of Meningioma and Intracranial Aneurysm

An aneurysm is a defect in the wall structure, specifically in the internal elastic lamina and media, that
eventually causes a focal fragile segment in the arterial wall that expands outward [25]. Most intracranial
aneurysms remain silent during the lifetime of the affected patient [25]. One hypothesis is that an aneurysm
starts initially with a hemodynamic insult that leads to a complex inflammatory process involving matrix
metalloproteinases (MMPs), vascular smooth muscle cells (VSMCs), macrophages, and oxidative stress [25].
In addition, oxidative stress also plays a major role in endothelial injury and results in the accumulation of
free radicals due to increased production or decreased removal [25]. Furthermore, inflammation follows an
endothelial injury [25]. This process involves macrophages, mast cells, T cells, cytokines, and inflammatory
mediators, which modulate the phenotype of VSMCs [25]. This modulation leads to disruption of the internal
elastic lamina and induces dysregulation of the internal elastic lamina alongside dysregulation of collagen
synthesis and extracellular matrix [25]. The late steps in the growth of an intracranial aneurysm involve
VSMC apoptosis, which results in further thinning of the media and an increased risk of rupture [25]. There
are several theories as to how a meningioma and an aneurysm can co-occur [26,27]. One theory suggests that
meningioma with increased blood flow might be associated with a higher risk of aneurysm [26,27]. Another
theory proposes the possibility of meningioma adhesions to the arterial adventitia, which might damage the
arterial wall and promote the formation of an aneurysm [26,27]. However, it remains unclear why
meningioma and an aneurysm can co-occur [26,27]. Moreover, tumor size seems to have an impact on the
formation of intracranial aneurysms [28]. A growing meningioma increases intracranial pressure, which, in
turn, leads to a proportional increase in blood pressure to ensure a constant cerebral perfusion pressure is
maintained [28]. The increase in blood pressure may augment hemodynamic stress around the meningioma
[28]. This hemodynamic stress can result in remodeling and degeneration of internal elastic lamina [28].
Consistent with this expected phenomenon and the increased blood flow theory, the majority of intracranial
aneurysms are associated with a wide variety of tumor types [29]. Higher percentages have been recorded for
blood flow-dependent tumors, including meningioma (29.3%-44%), glioma (27.5%-38%), pituitary adenoma
(11%-20.6%), lymphoma, craniopharyngioma, chordoma, epidermoid tumor, dermoid tumor, and choroid
plexus adenoma [29]. Of note, based on the literature, hormones do not have a direct effect on aneurysm
formation [30]. However, some studies have suggested that hormones, such as estrogen, can potentially play
arole in the co-occurrence of meningioma and an intracranial aneurysm given the predominance of the
female sex [31]. Thus, researchers have suspected a hormonal contribution to this pathological phenomenon
[31].

Age
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In the 19 cases, the age mean was 54.11 years, and more than a quarter of the patients were in their 50s [11-
25]. Starting from the fifth decade of life, the elasticity of a vessel along with its ability to recoil begins to
decrease significantly [32]. These changes increase the pressure upon weak foci in the arterial wall [32]. The
outcome could be endothelial dysfunction with inflammation, oxidative stress, and, finally, aneurysm
formation [32]. Multiple autopsy studies have revealed that the incidence of intracranial aneurysms
increases with age [32]. Because age is a non-modifiable risk factor, primary prevention strategies, such as
encouraging a healthy lifestyle, should be applied to reduce the burden of age and decrease the future
incidence of intracranial aneurysms [32].

Sex

The majority of patients were women (14 of 19 cases, 73.68%) [11-25]. There is a female predominance for
meningioma and intracranial aneurysms, and the estrogenic window is suspected to be the most reliable risk
factor for these conditions [33]. Indeed, the well-being of women, including arterial health, depends on
estrogen [33,34]. This hormone inhibits MMPs, an action that maintains the abundance of collagen type IV
in the tunica media and vessel elasticity, preventing aneurysm formation [33]. Consistently, most reported
cases of meningioma and intracranial aneurysm co-occurrence were in pre- and postmenopausal women
[11-25].

Comorbidities and Habits

Among the reported cases, hypertension was the most common comorbidity (six of 19 cases, 31.58%) [11-25].
Hypertension is pathognomonic for intracranial vascular comorbidities [35]. Controlling blood pressure is
important to decrease the risk of postoperative mortality and morbidity [35]. Moreover, blood pressure
should be tightly controlled in the long term to reduce the probability of recurrence [35]. Persistently high
blood pressure can easily accelerate arteriosclerosis and lead to aneurysm formation [35]. Moreover, an
increase in blood pressure weakens the arterial wall, a phenomenon that can lead to rupture and

SAH [35,36]. Atherosclerosis and diabetes mellitus are two faces of the same coin: both can exert a stenotic
pathological effect that leads to the pathophysiology of an aneurysm [37]. Maintaining glycated hemoglobin
and the lipid profile in the normal range can be especially helpful in preventing aneurysm formation [37].
However, a study showed that diabetes does not exert a risk on the development of intracranial aneurysms
[37]. Surprisingly, it can be protective against aneurysmal rupture [37]. Moreover, there is a low prevalence
of SAH among patients with diabetes mellitus [37]. Nevertheless, we suggest controlling blood sugar to be on
the safe side. Ulcerative colitis has a very rare extraintestinal manifestation known as leukocytoclastic
vasculitis [38]. Due to its rarity, considering it as an etiological or risk factor may not be logical [38]. In
addition, other autoimmune diseases related to ulcerative colitis do not lead to intracranial vascular
problems [38]. Other comorbidities do not necessarily correlate with meningioma and/or aneurysms [5,6].
Although the comorbidities by themselves are a causative agent or high-risk factors for the aneurysm,
meningioma adventitial adhesive pressure can participate in the process along with the other comorbidities;
however, this does not mean that a meningioma always directly causes an intracranial aneurysm [5,6].
Unfortunately, as none of the included cases described the patients’ habits, we cannot determine whether
smoking or alcoholism are linked to meningioma and intracranial aneurysm co-occurrence [11-25].

Symptomatology

Among all cases, headache was the most reported symptom by the patients (11 of 19 cases, 57.89%) [11-25].
Other common symptoms such as left ptosis and diplopia are highly related to the presence of a sellar
meningioma. A headache itself is not particularly helpful as a prognostic tool. Although some patients have
described it as the worst headache of their entire lives, it could be a sign of SAH as a vascular complication
or other symptoms such as speech disturbance. This clinical neurosurgical point of view should serve as the
initiator to decide whether the management should be started with tumor resection or blocking the
aneurysm. The choice depends on the patient’s status. For example, if the patient presents with SAH, it
would not be wise to consider tumor resection.

Meningioma Locations

The frontal and clinoid locations were the most common in the case reports (each in four of 19 cases,
21.05%) [11-25]. This finding agrees with a study of the preferred meningioma location that reported 20.8%
of 1,107 cases to be convexity meningioma [3]. The location influences the feasibility of an intervention as
well as the postoperative outcomes [11]. The first reported case involved a left frontal meningioma and led
to an uneventful prognosis, but the patient still complained of headaches [11]. This outcome may be due to
the absence of case reports and lack of experience of meningioma and intracranial aneurysm co-occurrence
[14]. In another case, left anterior clinoidal meningioma resulted in mild right hemiparesis due to
hemorrhage in the left Sylvian fissure [14]. Compared with other clinoid meningiomas, this patient had a
poor prognosis, perhaps because the surgeon did not resect the tumor and clip the aneurysm at the same
time [15]. A meningioma accompanied by a right MCA or left ACA aneurysm could lead to difficulty in
controlling hemodynamics [15]. In such a case, it would be better to separate the tumor and aneurysm
interventions into two operations to ensure patient stability [15]. In the case of an intrahemispheric
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meningioma, embolization of the distal left pericallosal artery was done to decrease the probability of
rupture [15]. However, angiography revealed recurrence after three days [15]. After tumor resection, the
probability of bleeding was 0.2%, especially in the first six months, and only 9.1% of the patients who had a
recurrence required retreatment [39].

Meningioma Histopathology

Because the cases we found were reported from a neurosurgical point of view, the majority (10 of 19 cases,
52.63%) did not include histopathological details [11-25]. Of the remaining nine cases, eight were grade I,
with the majority (five of eight cases, 62.5%) being meningothelial, the most common subtype [39]. Only one
case was grade II (atypical subtype) [40]. Consistent with the epidemiological nature of grade II tumors, the
patient was male [40]. The histopathological presentation could assist in treatment decisions because the
lower the meningioma grade, the greater the intraoperative ability to resect the tumor [40,41]. There is also
less of a chance that an aneurysm could rupture [40]. With higher meningioma grades, there is greater
adventitial adherence, which requires more arterial manipulation during the operation [40].

Aneurysmal Artery

We noted a relatively equal distribution of ICA, ACA, MCA, AcomA, and PcomA aneurysms [42]. These
arteries are highly perfused or part of the intercommunicating areas and are more susceptible to an
aneurysm [42]. The most frequent type of ICA is an AcomA aneurysm, which is more frequently associated
with meningioma and is expected to occur in 2%-5% of cases [13]. In addition, skull base tumors are more
likely to develop aneurysms than convexity tumors [45]. Moreover, ICA and vertebrobasilar artery aneurysms
are more commonly associated with skull base tumors, whereas MCA and ACA aneurysms are more likely to
accompany convexity tumors [43]. Along with their physio-anatomical nature, a meningioma growing
toward the arterial wall can lead to a catastrophic result such as rupture and bleeding [44]. Moreover,
rebleeding of ruptured aneurysms occurs in approximately 65% of cases during the second instance and in
85% of cases during the third instance [44].

Imaging Investigations

The diagnosis depends much more on neuroimaging than the clinical picture with which the patient presents
[24]. Symptoms that arise from brain tumors can progress gradually or rapidly [24]. On the other hand,
symptoms of vascular diseases tend to be sudden [24]. Furthermore, the symptoms of a brain tumor such as a
meningioma can be mimicked by other lesions [24]. Therefore, advanced investigation modalities are
required to distinguish between them [24]. Unfortunately, these modalities are not available in many low-
and middle-income countries [24]. Meningioma presents iso-intensity on T1-weighted magnetic resonance
imaging sequences and hyperintensity on T2-weighted and fluid-attenuated inversion recovery sequences
[23,43]. Moreover, the dural-tail sign can indicate the presence of meningioma [23,43]. Even though
magnetic resonance angiography (MRA) has a high sensitivity to detect an intracranial aneurysm, it might be
more challenging to detect smaller or occult aneurysms [23,43]. In these cases, it might be helpful to use
digital subtraction angiography [23,43]. Because this modality can detect small and more occult aneurysms,
it is considered the gold standard for intracranial aneurysms and is the best measure to be used
postoperatively for follow-up [23,43]. Nevertheless, MRA should be performed preoperatively in patients
with a brain tumor to visualize neoplastic vascularization and identify an incidental aneurysm that may lead
to a disaster if left undetected [45].

Management

The management of meningiomas and aneurysms is a therapeutic challenge, and there is no consensus on
the best approach [46]. Which should be treated first? Historically, this has been a neurosurgical dilemma
since the coexistence of meningioma with the intracranial aneurysm was first reported in 1944 by Arieti et
al. [46]. In patients with both aneurysms and meningioma, the symptomatic lesion is treated first [46]. If the
patient presents with SAH, this condition must be treated before surgery to remove the tumor [46].
Meningioma and aneurysms can be managed simultaneously if they are near each other and if the surgeon
can clip the aneurysm unless it is intramural [46-52]. In such a case, the aneurysm should be endovascularly
coiled before tumor excision [46-52]. Moreover, incidental aneurysms are better managed conservatively
[46-52]. It is crucial to promptly address ruptured aneurysms through surgical clipping or endovascular
coiling to prevent rebleeding [18]. In cases where an aneurysm and meningioma are located in close
proximity or adjacent to each other, it may be possible to manage them together, thus avoiding the need for
additional surgical procedures and potential complications [18]. However, if an aneurysm and meningioma
are on opposite sides (contralateral) and cannot be treated simultaneously, it is advisable to prioritize the
healing of a ruptured aneurysm before considering a separate procedure to address an unruptured aneurysm
or meningioma [18]. This approach ensures that sufficient healing can occur before undertaking additional
interventions [18]. We would like to emphasize an important point: following the principle of “first, do no
harm,” the treatment of an unruptured intracranial aneurysm may not be necessary [53]. According to a
prospective study, the three- and five-year rupture rates of unruptured aneurysms in the same region were
as low as 0.6% and 0.4%, respectively [53].
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Conclusions

Based on the case reports in the literature, the co-occurrence of meningioma and aneurysm can usually be
treated effectively, with postoperative symptom resolution and no recurrence. Preoperative investigational
imaging can dramatically affect the final outcome. Simultaneous management can be used in most cases
unless the patient has a higher meningioma grade, multiple aneurysms, or a ruptured aneurysm (in which
case the aneurysm should be treated first). Because cases of meningioma and aneurysm co-occurrence are
rare, we encourage every neurosurgical department to share and report such cases.

Appendices

Study Q1 Q2 Q3 Q4 Q5 Q8 Q9 Q10
Javalkar et al., 2009 [11] Yes Yes Yes Yes Yes Yes Yes Yes
Shigemori et al., 1991 [13] Yes Yes Yes Yes Yes Yes Yes Yes
Suslu et al., 2009 [14] Yes Yes Yes Yes Yes Yes Yes Yes
Paraskevopoulos et al., 2011 [15] Yes Yes Yes Yes Yes Yes Yes Yes
Alnaami et al., 2013 [16] Yes Yes Yes Yes Yes Yes Yes Yes
Wagas et al., 2015 [17] Yes Yes Yes Yes Yes Yes Yes Yes
Eulate-Beramendi et al., 2017 [18] Yes Yes Yes Yes Yes Yes Yes Yes
Zhou et al., 2017 [19] Yes Yes Yes Yes Yes Yes Yes Yes
Yip et al., 2019 [20] Yes Yes Yes Yes Yes Yes Yes Yes
Papadimitriou et al., 2020 [21] Yes Yes Yes Yes Yes Yes Yes Yes
Tanaka et al., 2022 [22] Yes Yes Yes Yes Yes Yes Yes Yes
Algburi et al., 2022 [23] Yes Yes Yes Yes Yes Yes Yes Yes
Wei et al., 2022 [24] Yes Yes Yes Yes Yes Yes Yes Yes
Onyia et al., 2023 [25] Yes Yes Yes Yes Yes Yes Yes Yes

TABLE 3: CASP systematic review checklist.

Study Q6 Q7

Since it is a series of
This study included 5 case reports, in which all patients were females. There was diversity ~ case reports, no
in the affected arteries. All of them underwent complete tumor resection/aneurysmal confidence interval was
clipping. All patients had full recovery after the surgery mentioned to measure
the accuracy of the data

Javalkar et al.,
2009 [11]

Since it is a case report,

Shigemori et al., The study recorded the first case report of this phenomenon highlighting how the no confidence interval
1991 [13] neurosurgical field improved over time. Uneventful prognosis. This may be due to the was mentioned to
specific (MCA artery) involvement measure the accuracy of
the data

Since it is a case report,

Itis a case of left frontal meningioma accompanied by an aneurysm of the cavernous ) .
no confidence interval

Suslu et al., 2009 segment of ICA. Only tumor resection was done with expectant management for the .
[14] aneurysm because ICA is a dangerous artery to operate and symptoms were not related to

i measure the accuracy of
the aneurysm. The patient fully recovered after the surgery the data

Since it is a case report,

It is a case of left anterior clinoidal meningioma accompanied by right MCA and left ACA. no confidence interval
Paraskevopoulos . ) . ) ) . . .
etal, 2011 [15] They took the risk to clip these two big arteries along with complete resection. This resulted was mentioned to
v in hemorrhage in the left Sylvian fissure/mild right hemiparesis measure the accuracy of
the data
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Since it is a case report,

Alnaami et al., It is a case of intrahemispheric meningioma accompanied by the distal left pericallosal no confidence interval
2013 [16] artery aneurysm. The application of endovascular embolization played a significant role in ~ was mentioned to
the prognosis of the case. The patient fully recovered after the surgery measure the accuracy of
the data
Since it is a case report,
Wagas et al., It is a case of left clinoidal meningioma accompanied by a left ICA aneurysm. The patient no confidence interval
2015 [17] underwent complete tumor resection/aneurysmal clipping. The patient fully recovered after ~ was mentioned to
the surgery measure the accuracy of
the data
Since it is a case report,
Eulate- Two cases of left sphenoidal and posterior meningioma, both PcomA, were affected. Low no confidence interval
Beramendi et al., preoperative measures such as the presence of incidental aneurysms showed how much it was mentioned to
2017 [18] could affect the future prognosis measure the accuracy of
the data

Since it is a case report,

Itis a case of left medial sphenoidal wing meningioma. It is the first case report that X .
no confidence interval

Zhou et al., 2017 involved an extensive ICA aneurysm reaching up to its ophthalmic branch. A good decision
[19] was made to embolize the aneurysm due to its challenging location and over manipulation
like surgical clipping was deferred. The procedure saved the patient’s life

was mentioned to
measure the accuracy of
the data

Since it is a case report,

Itis a case of right frontotemporal meningioma accompanied by an aneurysm of the ) )
no confidence interval

Yip et al., 2019 bifurcation of MCA. It has a unique histopathology, in which it was found to be grade II.
[20] Specifically, it was a fibrous tumor/hemangiopericytoma. Complete tumor resection/and
aneurysmal clipping were done, leading to by full recovery after the surgery

was mentioned to
measure the accuracy of
the data

It is a case of falcine meningioma. Three aneurysms were found, namely, the left Since it is a case report,

o pericallosal artery, left AcomA, and right frontopolar artery. Endovascular embolization for no confidence interval
Papadimitriou et

al., 2020 [21] the aneurysms before tumor resection was applied due to the high risk of unexpected was mentioned to
v hemodynamic dysregulation during surgery The patient had a full recovery after the surgery measure the accuracy of
due to wise decision-making the data
Since it is a case report,
Tanaka et al It is a case of right frontal meningioma. The aneurysm in this case was the left ICA-OpthA  no confidence interval
etal., ) ' )
2022 [22] artery. The aneurysm was embolized and then the tumor was fully resected. The patient was mentioned to
had a full recovery after the surgery measure the accuracy of
the data
. . L . o Since it is a case report,
It is a case of a right frontal meningioma accompanied by an ipsilateral AcomA aneurysm. ) )
. . . . ; o no confidence interval
Algburi et al., Preoperative measures such as diagnostic catheter angiography revealed the capability of was mentioned to
2022 [23 complete tumor resection along with aneurysmal clipping. The patient had a full recove
[23] P 9 v pPIng P v measure the accuracy of
after the surgery
the data
It is a case of a right paraflacine meningioma accompanied by AcomA and A1, A2 of right Since it is a case report,
Wei et al. 2022 ACA. Even though the location of this meningioma and the affected arteries were hard to no confidence interval
eletal, . . L - . . .
[24] manage, radiological measures indicated the capability of the simultaneous surgical was mentioned to
intervention of tumor resection and aneurysmal clipping. The patient had a full recovery measure the accuracy of
after the surgery the data

Since it is a case report,

Onvia et al. 2023 Itis a case of sellar meningioma accompanied by left PcomA. Meningioma in this case no confidence interval
[25§l ’ was completely resected with preserved pituitary function. Moreover, the aneurysm was was mentioned to
clipped successfully. The patient had a full recovery after the surgery measure the accuracy of
the data

TABLE 4: CASP systematic review checklist.

CASP systematic review checklist/Questions

1. Did the review address a clearly focused question?
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2.  Did the authors look for the right type of papers?

3. Do you think all the important, relevant studies were included?

4.  Did the review’s authors do enough to assess quality of the included studies?
5. If the results of the review have been combined, was it reasonable to do so?
6.  What are the overall results of the review?

7. How precise are the results?

8.  Can the results be applied to the local population?

9.  Were all important outcomes considered?

10. Are the benefits worth the harms and costs?
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