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Abstract

Purpose of review This review presents the most recent evidences and recommendations in
the pre-, intra-, and post-surgical management of patients harboring meningiomas. Due to
the increasing relevance of multimodal approaches, in order to preserve patients’ neurolog-
ical function and quality of life (QoL), the role of observation and radiation treatments (as
either primary or adjuvant therapy) has also been discussed.

Recent findings Multiple advances in neurosurgery, including the use of the microscope and
endoscope, improved preoperative neuroimaging, intraoperativeimage-guidedapproaches,
andintraoperative neurophysiologicalmonitoring, have extended the neurosurgeon’sability
to remove lesions that were previously considered only partially resectable or unresectable,
while minimizing morbidity. On the other hand, the preservation of patients’ neurological
integrityand QoL areincreasinglyimportantissues, more than complete tumor resection, for
both patients and neurosurgeons. In this setting, stereotactic radiosurgery (SRS) and
radiotherapy (RT) may be considered safe and effective alternatives for asymptomatic
small- to moderate-sized tumors that demonstrate growth on serialimaging, orin combina-
tion with planned subtotal resection (STR) for tumors in critical locations. Data supporting
the use of pharmacotherapy in meningiomas are, to date, weak, but the strength of the
evidence mightimprove in the next future with the identification of targetable mutations.
Summary Complete microsurgical resection remains the standard of care if it can be
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achieved with minimal or no morbidity. However, many studies have reported SRS/RT as safe
and effective treatments, either as primary approach or as complementary to surgery,
especiallywhendealing with critically located meningiomas (e.g., cranialbase) orin patients
with comorbidity or wishing to avoid invasive treatments. The management of meningiomas
is a field of complementary disciplines: neurosurgeon needs to work closely with radiation
oncologists while tailoring the optimal treatment for these patients in order to achieve the

best results.

Introduction

Meningiomas account for approximately a third of all
primary central nervous system tumors. Although most
meningiomas are considered as benign lesions (World
Health Organization [WHO] gradeI), their location may
entail serious morbidity and mortality. Prognosis of
benign lesions is mostly favorable with an overall recur-
rence rate of 20% within 20 years. Anaplastic meningi-
omas (WHO grade I1I), however, have a poor prognosis
with a median overall survival (OS) of only 1.5 years
[1ee].

Management

The management of patients with meningioma re-
quires a balance between tumor’s definitive treatment
and avoidance of treatment-related neurologic morbid-
ity. Patient-specific factors (presence or absence of symp-
toms, age, comorbidity), tumor location in relation to
critical neurovascular structures, and histopathologic
characteristics (WHO grade) are all important factors
in determining the optimal treatment strategy [1ee,
Qee].

Small, asymptomatic tumors

Due to advances in neuroimaging and increased frequency of clinical and
radiological checkups, detection of incidental, asymptomatic meningioma is
increasingly common. Initial treatment options include observation with regu-
lar imaging follow-up (FU), surgery, and stereotactic radiosurgery (SRS), con-
sidering the situation of each individual patient [3]. In a 2019 meta-analysis
including 2130 patients harboring incidental, asymptomatic meningiomas,
management at first presentation was active monitoring, SRS, and surgery in
51%, 22%, and 27% respectively [4e].

A “watchful waiting” approach is particularly suitable for very old patients
and those with significant comorbidities or poor performance status. In this
case, after an initial observation interval of 6 months with clinical and MRI
evaluation, if patients do remain asymptomatic and no evidence of tumor
growth is detected, they can be monitored with neuroimaging on an annual
basis for 3 to 5 years, then every 2 to 3 years for as long as they remain putative
candidates for a treatment. However, if the tumor enlarges significantly or
becomes symptomatic during FU, proactive treatment is recommended (Evi-
dence level III, Recommendation level 2C) [2ee, 40, Se0].

For relatively healthy younger patients, there is a lower threshold for thera-
peutic intervention because of the expectation that tumor progression will
inevitably require active treatment [2ee]. Some authors suggest proactive SRS
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as a wise treatment option for asymptomatic meningioma when there is no
significant comorbidity limiting life expectancy [3e, 6¢]. MRI FU throughout a
patient’s lifetime is essential for an untreated lesion because the tumor behavior
cannot be accurately predicted. However, it has to be considered that, in clinical
practice, a significant number of patients can show low compliance to checkup
schedule and might eventually drop out from their lifelong FU. Another possi-
ble issue is represented by the risk of misinterpreting a growing tumor as
“stable” when volumetric analysis is not performed and the new MRI scan is
constantly compared with the most recent one and not with the one acquired at
“time zero,” which, conversely, should be always used as a reference. These
patients may not receive clinical attention until symptomatic progression to a
much larger tumor, when only invasive treatments remain feasible; it should be
noted that this can represent a much greater issue in those patients initially
managed conservatively due to old age or comorbidities. In contrast, omission
of FU MRI scans after SRS has much lower risks, since tumor control is reported
90% at a long-term FU in most SRS series [3¢]. Therefore, SRS might offer an
advantage in terms of fewer clinic visits and MRI scans over the patient’s
lifetime. Finally, clinicians and patients may be relieved of a psychological
burden after noninvasive treatment, whereas untreated patients may always
maintain a fear of tumor growth [3e, 7].

Linear diameter growth was observed in 44% of tumors in one of the largest
series investigating natural history of meningiomas at a mean FU of 3.8 years,
but the rate of enlargement raised to 74% in the same study when volumetric
measurement was assessed [8]. In recent papers, the proportion of patients
undergoing intervention after initial conservative treatment was reported 25%
and 36% at a mean FU of approximately 4 and 5 years respectively, while
symptom development was reported 8-21% [3e, 4e]. Tumor size (=3cm),
presence of peritumoral edema, young age (<60 years old), lack of calcifica-
tions, and lesion hyperintensity on T2-weighted MRI were found to be signif-
icantly related to the risk of symptomatic progression in different studies [4e, 8,
9, 108].

Maximal safe resection still represents the first option to be considered for a
tumor undergoing symptomatic progression (Evidence level 1, Recommendation
level B) [5®¢]; however, SRS may again be regarded as a secure and effective
alternative for asymptomatic small- to moderate-sized tumors that demonstrate
growth on serial imaging, particularly in case critical location, comorbidities, or
patients wishing to avoid surgery [5ee, 6o, 10e, 11, 12]. Besides the invasiveness
and potential risk of serious morbidity, it is important to consider the impact
surgery entails on patients’ private and working life, both in short term (e.g.,
hospitalization and time needed to recover) and long term, as pointed out in a
recent study reporting a rate of 40% cognitive or emotional problems (e.g.,
anxiety or depressive symptoms) following resection [13].

Large or symptomatic tumors

Symptomatic meningiomas and asymptomatic tumors that are large,
expanding, infiltrating, or associated with surrounding edema should undergo
maximal safe resection, if feasible (Evidence level II, Recommendation level 1B)
[2ee, 5e¢]. Complete tumor resection (with its dural attachment) is advisable
when meningiomas are in accessible locations, since it can be curative.
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Surgery is often combined with SRS or conventional radiotherapy (RT) in
the initial management of atypical and malignant meningiomas (WHO grades
I and IIT) because of the high risk of recurrence even after achieving an apparent
Simpson grade I resection.

Management of peritumoral edema largely relies on the use of corticoste-
roids (mainly dexamethasone), but antiangiogenic therapy (e.g., bevacizumab)
can be considered in exceptional cases when (long-term) side effects or insuf-
ficient efficacy is being faced [1ee].

Extent of resection

Gross total resection (GTR), when feasible, is associated with significantly
improved local tumor control and progression-free survival (PFS), compared
with partial resection, independently from tumor grade and other prognostic
factors [2ee, 5ee, 14-16]. Complete resection should include removal of the
tumor dural attachment and any abnormal bone.

Simpson grading system has been used to describe the extent of removal in
convexity meningiomas [17]:

* Grade 1, complete resection, including the dural attachment and any
abnormal bone

* Grade 2, complete resection, with coagulation of the dural attachment

* Grade 3, complete resection, without resection or coagulation of the dural
attachment

* Grade 4, subtotal resection

* Grade 5, tumor biopsy only

Studies demonstrating an OS and PFS advantage from complete
resection of benign meningiomas generally antedate the routine use of
postoperative MRI and the adjuvant use of SRS/RT with contemporary
conformal techniques for patients with residual disease. The use of
modern adjuvant SRS/RT techniques to treat residual disease appears
to yield results comparable to more aggressive surgery and can minimize
treatment-related neurologic deficits [2ee].

Intraoperative assessment of the extent of resection should be confirmed by
a postoperative MRI performed within 48 h from surgery, or after 3 months, to
avoid surgery-related artifacts [5ee].

In contemporary practice, the goal of surgery is to achieve as exten-
sive resection as possible while minimizing neurologic deficits (a.k.a.
maximal safe resection). The extent of resection varies depending upon
the location of the tumor, whether there is evidence of invasion on
imaging, and the preoperative status of the patient (e.g., presence of
neurologic deficits, comorbidities) [2ee]. Complete resection is usually
attempted for tumors of the convexity, olfactory groove, anterior third of
the sagittal sinus, and some tentorial and posterior fossa tumors. Partial
resection may be more appropriate for less accessible tumors, such as
those involving the posterior sagittal sinus region and cranial base.
Residual tumor, particularly when dealing with atypical or malignant
lesions, can be treated postoperatively with SRS/RT. Biopsy alone or
treatment without histopathological diagnosis may be needed for
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inaccessible tumors such as those involving the cavernous sinus. Defin-
itive SRS/RT is the treatment of choice in these cases [2ee].

Preoperative embolization

Surgical morbidity

There are no well-conducted prospective studies supporting the use of preop-
erative embolization and, therefore, it is generally not recommended; however,
it can facilitate surgery in selected cases such as giant convexity meningiomas or
petroclival meningiomas, in which the presumed feeding arteries are not readily
accessible to the surgeon (Evidence level IV, Recommendation level C) [2ee, See].
When indicated, this procedure can be performed the day prior to surgery. In a
retrospective series of up to 200 patients, the reported complication rate of
preoperative embolization ranged from 3 to 13%, with most complications
being minor and transient [18]. Rare major or long-term complications include
intratumoral hemorrhage, stroke, and cranial neuropathies.

The reported incidence of postoperative neurologic deficits directly related to
surgery ranges from 2 to 30% depending upon tumor location and extent of the
resection. Cortical brain injury may occur if arachnoid and pia do tightly adhere
to tumor capsule and if disruption of pial vasculature with subsequent cortical
microinfarction occurs. Skull base surgery harbors a significant risk of cranial
nerve deficits, and intraoperative cranial nerve monitoring should be used for
tumors located close to cranial nerves [2ee].

The reported overall surgical mortality varies widely, reflecting differences in
patient selection criteria as well as changes in surgical care. Factors associated
with increased mortality included poor preoperative clinical condition, tumor-
related brain compression, advanced age, incomplete tumor removal, and
intracranial hematoma requiring evacuation [2ee]. Older series indicated that
the mortality was higher in older adults. More recent series, using contemporary
neurosurgical techniques, have shown that surgery is feasible in carefully select-
ed older adults [2ee, 19].

Perioperative medical management

In addition to neurologic deficits that are a direct consequence of surgery,
common medical complications include seizures, deep venous thrombosis
(DVT) and pulmonary embolism, pneumonia, myocardial infarction, and
arrhythmias [2ee].

Seizures are a frequent presenting symptom of meningiomas, but can also occur
in the postoperative period. Prophylactic anticonvulsants are generally not
indicated prior to treatment in patients without a history of seizures (Recom-
mendation grade 1B). In patients undergoing resection, prophylactic anticonvul-
sant drugs might be given perioperatively (Recommendation grade 2C); they can
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be gradually tapered postoperatively if patients remain seizure-free. To avoid
clinically significant drug-to-drug interactions, the use of non-enzyme-inducing
antiseizure drugs, such as levetiracetam, is suggested (Recommendation grade 2B).
Long-term seizure prophylaxis is not required [2ee, 20].

For patients who have experienced one or more meningioma-related sei-
zures, initial treatment with a single-agent antiseizure drug is recommended
(Recommendation grade 1A). Again, monotherapy with a non-enzyme-inducing
antiseizure drug, such as levetiracetam, is suggested (Recommendation grade 2C).
However, when drug interactions are not a concern, other anticonvulsant drugs,
that can be quickly titrated, can also be considered. If patients have incomplete
seizure control while on therapy, adequate serum drug levels should be verified
before switching drugs or adding a second agent [2ee, 20].

Cerebral edema

Glucocorticoids are used preoperatively to reduce brain edema in symptomatic
patients. During surgical procedure, options to reduce intracranial pressure, if
the tumor is large or if significant brain retraction is expected to be needed,
include furosemide, dexamethasone, osmotherapy (e.g., mannitol), and tem-
porary hyperventilation, aiming for arterial pCO, of 30 to 35 mmHg. Gluco-
corticoids should be tapered postoperatively. Taper increments and duration
should be individualized according to the extent of edema, the completeness of
resection, and preoperative glucocorticoids dose and duration [2ee].
Antiangiogenic therapy (e.g., bevacizumab) can be considered in exceptional
cases when (long-term) side effects or insufficient efficacy is being faced [1ee].

Deep venous thrombosis

DVT is especially problematic because in addition to the increased thrombo-
embolic risk in patients undergoing brain surgery, meningiomas can produce a
hypercoagulable state [2ee]. The rates of symptomatic and asymptomatic post-
operative venous thromboembolism have been reported as 4% and 26%,
respectively. On a multivariate analysis, predictors of increased risk included
older age (=65 years) and low postoperative performance status [21].

In patients undergoing surgery for meningioma, it is suggested the use of
pneumatic compression stockings combined with postoperative low molecular
weight (LMW) heparin or unfractionated heparin beginning 12 to 24 h after
surgery and continuing until ambulation is resumed (Recommendation grade 2B)
[2ee].

SRS/RT after partial resection

The use of planned combination therapies consisting of subtotal or partial
resection followed by SRS or RT allows complete tumor treatment, while
reducing surgery-related risks, especially in cases of tumors located in critical
areas such as the cavernous sinus (Evidence level 1V, Recommendation level C)
[5ee].

When GTR cannot be achieved in WHO grade I meningiomas, SRS is the
adjuvant treatment of choice (Recommendation level C) [1ee]. The dose can be
delivered in a single session (typical prescription doses range from 12 to 16 Gy)
or through hypofractionated (2-5 sessions) regimens [22, 6®] according to the
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applied technique, tumor size, and proximity to organ at risks (e.g., optic
pathways or brainstem).

When RT is used postoperatively (e.g., large residual tumor, proximity to
organ at risks, irregular margins, difficult target definition) to treat residual
disease, a dose of 50 to 54 Gy in daily fractions of 1.8 to 2 Gy is generally
recommended [12]. In WHO grade II (Recommendation level C) and I1I (Recom-
mendation level B) tumors, RT with higher doses (=54 Gy in 1.8 to 2.0 Gy
fractions) is the adjuvant therapy of choice [1#¢]. Observational studies indicate
that RT administered shortly after partial resection of atypical or malignant
meningiomas substantially improves PFS, compared with partial resection
alone [1ee].

Anaplastic meningioma (WHO III)

Adjuvant RT is recommended, regardless of the extent of surgery (Evidence level
IIT, Recommendation level 1B) [5ee]. FU should be done 3 months after initial
therapy, then every 3 or 6 months depending on initial growth kinetics. Phar-
macotherapy options remain experimental (Evidence level 1V, Recommendation
level C) and data on efficacy of antineoplastic drugs in WHO grade III menin-
giomas are, to date, scarce [5ee].

Atypical meningioma (WHO II)

For patients who have undergone incomplete resection or biopsy, adjuvant RT
rather than observation after surgery is recommended (Evidence level I1l, Recom-
mendation level C) [5ee]. In cases of progression, RT should be given, if not
already done, following initial surgery, with or without second surgery (Evidence
level 111, Recommendation level C) [5ee].

For patients, who have undergone GTR, the potential benefits of RT are more
closely balanced with the risks of side effects and delayed toxicity [5ee, 23]. For
patients who are at low risk for radiation-induced complications, adjuvant RT is
suggested rather than observation after surgery (Grade 2C). Patients who are
particularly concerned about radiation toxicity could reasonably choose not to
undergo adjuvant radiation, in favor of surveillance by imaging [24e]. For
patients who are at increased risk for complications of radiation (e.g., advanced
age, low functional status, large radiation field, and proximity of critical struc-
tures), observation is suggested rather than adjuvant RT (Grade 2C) [24s].
Patients, who want to maximize the chance of avoiding a recurrence and are
willing to accept the risk of treatment-related toxicity, could reasonably choose
adjuvant radiation [24e].

Overall, pharmacotherapy should be considered after further progression of
WHO grade II meningiomas (Evidence level IV, Recommendation level C) [5ee].

Benign meningioma (WHO I)

In most single-center observational studies with prolonged FU, the local pro-
gression rate after STR was approximately 40-50% at 5 years and approximate-
ly 60% at 10 years [12]. Adjuvant SRS/RT for incompletely resected WHO grade
I meningiomas has been shown to improve local control, but the correct timing
and indication for adjuvant SRS/RT is still controversial. Some authors prefer to
avoid the potential, although low, morbidity of immediate SRS/RT since a
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significant number of patients will not recur or will progress slowly after surgery
[2e¢]. Other authors advocate early adjuvant treatment, addressing the same
considerations already cited when discussing proactive treatment for
asymptomatic/small meningiomas, in addition to the fact that they are dealing
with a tumor that already showed a growth tendency.

Adjuvant SRS/RT is therefore more selectively used after partial resection of
WHO grade I meningiomas as compared to higher-grade tumors. Retrospective
data do support the role of SRS/RT in patients, who have undergone subtotal
resection (STR) for meningiomas in poorly accessible areas such as the skull
base or posterior sagittal sinus [2ee]. Accurate delineation of residual or recur-
rent tumor following surgery using contemporary imaging studies is critical for
the achievement of optimal results with postoperative SRS/RT.

Nonresectable tumors or older patients

SRS/RT alone can be effective in treating meningiomas that are not amenable to
even a STR because of their proximity to critical neurologic structures, providing
excellent tumor control and avoiding the risks of surgery [25]. The approach is
most commonly used for skull base meningiomas and optic nerve sheath
meningiomas. Tumor size is an important factor that cannot be
underestimated, when considering SRS/RT alone. Larger tumors with significant
mass effect are associated with an increased risk of reactive edema following
SRS/RT, which can cause seizures and neurologic deficits, that vary based upon
tumor location. STR in advance of SRS/RT is often considered to attempt
decreasing the risk for radiation-related complications [2ee]. Irradiation of
medically nonsurgical patients with large tumors at risk for herniation should
be evaluated carefully; symptomatic glucocorticoids and investigational medi-
cal therapies may be considered in such cases. Data supporting the use of
pharmacotherapy in meningiomas of WHO grade I are weak, but the strength
of the evidence might soon improve with the identification of targetable
mutations [5®e]. A detailed review of advancements in pharmacotherapy is
beyond the scope of the present paper.

SRS, particularly when performed with Gamma Knife, has a very low risk of
secondary brain radio-induced tumors and long-term cognitive deterioration,
especially when compared to conventional RT. [5ee, 26, 27] Moreover, SRS is
believed to offer some advantages, as an enhanced dose-response, particularly
when dealing with late responding tissues (/P ratio close to normal brain
tissue) as meningiomas. Indeed, new radiobiologic mechanisms, such as pro-
found vascular damage, antigen expression, and enhanced immune response,
that come in addition to the classic DNA damage, are involved in SRS dose
delivery regimens [28-34]. A series of 35 retrospective studies showed a 5-year
PES of 86-100% after primary SRS [12]. SRS appears to be a safe and effective
alternative to surgery also in older adults or patients that wish to avoid surgery,
particularly for small-/middle-sized tumors in deep or functionally high-risk
locations.

If the tumor volume cannot be treated with a single or
hypofractionated SRS regimen, RT of 50-54 Gy administered in doses
of 1.8-2.0 Gy per fraction can be undertaken (Evidence level III, Recom-
mendation level B). After RT, control rates of 75-92% are described in
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various series. The combination of STR with RT is associated with PFS
and survival rates similar to those reported for GTR [5ee].

Surgical approaches and outcome by tumor location

The results of treatment vary depending upon the location of the meningioma
as well as the therapeutic approach. There are no randomized trials comparing
different approaches. Optimal therapy needs to be individualized, based upon
the anatomic location of the tumor and patient-specific considerations. Evolv-
ing research also indicates that the genetic profile of meningiomas varies by
tumor location and may also impact prognosis [2ee].

Convexity meningiomas

Because of their superficial location and easier control of the feeding arteries,
the large majority of WHO grade I convexity meningiomas can be completely
resected with an excellent prognosis after surgical resection alone [2ee]. Rates of
recurrence after Simpson grade I or II resection range from 3 to 10% [2ee, 35~
38]. Simpson grade III and IV resections are associated with significantly higher
recurrence rates (10-25% and 33-50%, respectively) [2ee, 35-38]. Elevated
MIB-1 index (23%) and atypical histologic features are also associated with
increased risk of recurrence [2ee, 15, 36, 39].

The surgical complication rate is approximately 8-10% [2ee]. In a single-
center series of 163 patients, new neurologic deficits occurred in 2% of patients
postoperatively, all of which represented worsening of motor weakness that was
present preoperatively in patients with large (>4 cm) tumors [39].

Skull base meningiomas

Skull base meningiomas represent some of the most challenging lesions en-
countered by neurosurgeons, on account of their depth, invasion, vascularity,
texture/consistency, and their relationship to bony anatomy, cranial nerves, and
blood vessels. These tumors generally have an indolent history with only mild
symptoms [2ee, 40]. At the same time, radical surgery (with removal of the
involved dura and hyperostotic bone) is associated with substantial morbidity.
Due to these technical issues, there is a higher frequency of local recurrence
[20e].

A variety of traditional skull base approaches have evolved. Resection of
complex skull base meningiomas often mandates adequate bony removal to
achieve sufficient exposure of the tumor and the surrounding region, in order to
minimize brain retraction and optimally identify, protect, control, and manip-
ulate sensitive neurovascular structures.

In cases of anterior and middle fossa meningiomas, surgical resectability has
reached a sufficient level to maximize functional preservation. In cases of many
posterior fossa meningioma, however, surgical resectability remains insufficient
even with full use of recent surgical modalities [41].

Meningiomas originating from the posterior surface of the petrous bone, espe-
cially when behind the internal acoustic meatus, can be sufficiently resected
(GTR 78-100%). The reported average rate of facial function and serviceable
hearing preservation is 94% and 85%, respectively [41].
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Petroclival meningioma remains one of the most challenging tumors. After
pioneering efforts in the skull base field, surgical resectability of these lesions
started to increase in the 1990s, but the price to pay in morbidity was high at
that time (more than 50% of patients in most clinical articles). Among surgical
series published in the last two decades, GTR ranged from 20 to 94% (mean
53%), mortality 0-13% (mean 2%), major morbidity 7-66% (mean 30%),
and new cranial nerve deficit 8-67% (mean 32%) [42]. STR followed by SRS/RT
is preferable to minimize complications [43]. Tumor control has been reported
86-100% in SRS series, with 1-9% major morbidity and 0-8% new cranial
nerve deficit rates [44].

In the 1990s, when skull base approaches flourished, many experts tried
total resection of cavernous sinus meningioma. Surgical outcomes were not satis-
factory for functional preservation of cranial nerves passing through the cavern-
ous sinus. STR with stereotactic SRS/RT has since been regarded as an acceptable
treatment to preserve cranial nerve functions [41].

Cranio-cervical junction meningiomas, although in a critical location, have
been successfully resected in most recent clinical papers. Precise radiological
evaluation is recommended to estimate surgical resectability [41].

Clinoid and sphenoidal wing meningiomas were regarded as challenging tumors
at the beginning of microsurgery, due to the anatomical proximity to the optic
nerve and involvement of the internal carotid artery and its perforating arteries
[41]. With advances in skull base techniques, such as clinoidectomy and optic
canal unroofing, this type of tumor can be safely and radically resected (GTR
reported ranging 59-92.3%; visual deterioration 0-14%) [41]. Most recent
clinical articles have emphasized the importance of early optic canal unroofing
to obtain preservation of optic function [41].

En plaque meningiomas are characterized by a sheet-like growth pattern along
the dura and a pronounced hyperostosis [1ee]. They predominantly occur at the
sphenoid wing with frequent involvement of the orbit. Their surgical removal is
challenging with GTR in 56-83% of cases. As such, aggressive resection might
not be advisable and a combined primary approach with adjuvant SRS/RT
might be preferred [1ee, 45].

In the last decade, tuberculum sellae meningiomas (TSMs) and olfactory groove
meningiomas (OGMs) have been increasingly resected using an endonasal en-
doscopic transsphenoidal approach (EEA). The EEA uses a natural anatomic
corridor, such as the nasal cavity, that allows an early devascularization and
debulking of the lesion; it also allows maneuvers of extracapsular dissection
without brain retraction, even if it does require proper reconstruction of the
osteodural defect to avoid the risk of CSF fistula [46]. Prospective studies
directly comparing the efficacy and adverse effect profile of the transcranial
approaches (TCA) vs EEA for both tuberculum sellae and planum meningiomas
are currently lacking in the literature [47]. Although EEA is generally viewed as
less invasive, with some studies suggesting its association with fewer postoper-
ative changes on MRI compared to the TCA, possibly indicating less manipula-
tion, a recent meta-analysis of 64 case series [48¢] found that the GTR rate was
significantly higher among TCA patients for OGM (88.5% vs. 70.9%), but not
significantly higher for TSM (85.8% vs. 83.0%). Despite considerable hetero-
geneity, visual improvement was higher with EEA than TCA for TSM, but not for
OGM. CSF leak was significantly higher among EEA patients for both OGM
(25.1% vs. 10.5%) and TSM (19.3% vs. 5.81%). Intraoperative arterial injury
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was higher among EEA patients (4.89% vs. 1.86%) for TSM, but not for OGM
resection. There was no difference in mortality.

The main advantages of the TCA over endoscopy are the possibility of using
different surgical corridors. Furthermore, modern anesthetic and microsurgical
techniques, thanks to the maneuvers of cistern openings, make it possible to
obtain sufficient operating space and to allow the removal of lesions of any size.
The TCA also enables early identification of vessels of the anterior circulation
and the optic nerves to obtain a good decompression. Finally, TCA has a low
risk of CSF fistula [46].

At present, microsurgery is still the gold standard for the removal of the
anterior cranial fossa meningiomas of all sizes, while the endoscopic technique
remains a feasible option in selected cases with predominantly midline exten-
sion, where the need for brain retraction can be avoided [46, 47]. Combined
microscopic and endoscopic approaches are increasingly used due to the peri-
scopic visualization of the endoscope to investigate corners of a surgical field
difficult to view with conventional microscopy [49].

Most studies suggest that surgery and SRS/RT have complementary roles in
the management of cranial base meningiomas: patients do best if all modalities
are afforded to them [34]. The results of a combined-modality approach are
illustrated by a single surgeon’s series of 100 consecutive patients [40]. At a
median FU of 5 years, only 1% had evidence of tumor progression using this
treatment paradigm. There were no treatment-related deaths, and serious com-
plications from surgery were limited to hemiparesis, new cranial nerve palsy,
and osteomyelitis (2.8, 2.8, and 1.4% of surgical cases, respectively). In another
series of 101 patients with presumed benign skull base meningiomas that were
treated with RT alone (66 cases) or after STR (35 patients) [50], overall local
control rates were 92% at both 10 and 15 years.

Optic nerve sheath meningiomas

Biopsy is generally not recommended. When MRI findings are inconclusive,
molecular imaging using °®Ga-DOTATATE PET should be considered to rule
out differential diagnosis [1ee]. Surgery is not an option in most cases, espe-
cially since tumor and optic nerve share the same blood supply. RT and
fractionated SRS are the recommended treatment of choice. Initial observation
may be warranted in pediatric cases where vision is not compromised due to a
possibly favorable clinical course [1ee].

Spinal meningiomas

Surgical resection to remove the tumor and decompress the spinal cord is the
therapy of choice [1ee, 5ee]. The extent of resection should be adapted to the
location of the tumor: for easily accessible, laterally or dorsally located menin-
giomas where dural repair is possible, Simpson grade I resection should be
aimed for, but only if it can be achieved without compromising neurological
function and if a safe and uncomplicated dural repair is feasible (Recommenda-
tion level: good practice point) [5ee]. In ventrally located tumors, when neurolog-
ical function is at risk or in case of calcified dural attachment, no resection but
rather coagulation of the involved dura should be performed due to an in-
creased risk of complications [1ee, 51]. Adjuvant treatment should be in
analogy to cranial meningiomas [1ee].
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The proportion of spinal meningiomas that recur after surgical resection has
been reported to be 1.3-14.7% [5ee, 51]. Incomplete resection is generally
agreed to be a risk factor for recurrence, but whether Simpson grade I resection
achieves better long-term outcomes than Simpson grade II resection is unclear
[5ee, 51]. For rare cases in which surgical resections cannot be performed for
any reason, or decompression of the spinal cord does not seem necessary,
hypofractionated SRS or RT is an alternative to resection (Recommendation level:
good practice point) [5®®]. Adjuvant therapy is done according to WHO grade and
resection status as stated above for cranial meningiomas.

Multiple meningiomas

Multiple meningiomas occur mostly in the context of neurofibromatosis type 2
(NF2) or as radiation-induced lesions [52]. Meningiomas in NF2 are more
likely to be higher in grade than sporadic cases [1ee]. Multiple meningiomas
are often asymptomatic. In a recent series of 133 patients harboring 395
synchronous and 53 metachronous meningiomas, approximately 2/3 of pa-
tients required therapy, but only 1/3 of all meningiomas needed active treat-
ment [52]. Surveillance for stable and asymptomatic meningiomas and therapy
for those that are symptomatic or growing is recommended for multiple me-
ningiomas <3 cm in diameter, but more research is needed to establish its
effectiveness and safety for this disease [52]. Each treatment decision in NF2
disease requires a complete evaluation of all cranial and spinal locations of the
disease in order to establish surgical priorities and strategies [53].

Radiation-induced meningiomas

There are only limited data available for the treatment of radiation-induced
meningiomas. The available evidence suggests that these should be managed in
the same fashion as other meningiomas. Although surgery is the preferred
modality, SRS/RT may be an option for patients whose tumors arise in critical
locations or who are poor candidates for surgery. Because radiation-induced
meningiomas are more commonly atypical and highly proliferative, higher
doses in tumors without pathologic confirmation are advisable, but the prior
radiation dose to the brain must be considered too when planning the treat-
ment [2ee, 5ee].

Recurrent meningiomas after previous surgery

Adjuvant SRS/RT is suggested as the first option for appropriately sized recurrent
meningiomas [54e, 55e]. Surgery should be considered when patients are
symptomatic, although adequate counseling on the high risk of complication
is essential.

In a recent series, Magill et al. analyzed results of a series convexity menin-
giomas undergoing second surgery: complications occurred in 33% and GTR
was achieved in only 32.8%. The 2-, 5-, and 10-year survival rates were 91.0%,
68.8%, and 50.0%, respectively. Another operation was required in 40% of the
cases [54e].

Redo surgery for tumors along the skull base is even more challenging and,
especially when located in the posterior fossa, is associated with a high com-
plication rate: 32% of cases in another series from the same group. Two-, 5-, and
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Fig. 1. An example of complementary treatment is provided. a Sagittal and axial contrast-enhanced (CE) magnetic resonance
images (MRI) showing a large petroclival meningioma before surgical resection. b Sagittal and axial CE early postoperative MRI, no
significant/definite residual tumor was identifiable; good facial nerve function (House-Brackman grade II) and motility of all ocular
movements was preserved; functional hearing was already lost at the time of presentation. ¢ At subsequent FU, a progressive
thickening of the dural attachment was observed; Gamma Knife radiosurgery (GKRS) treatment was performed 5 years after surgery
on the enlarging residual remnants of the tumor. d Sagittal and axial CE MRI FU acquired 3 years after GKRS treatment showing
regression of the treated lesion without any additional morbidity.

10-year survival rates were 92%, 88%, and 76%, respectively, after the first
reoperation [55e].

Scar from prior surgery (more than from prior SRS/RT) can create significant
arachnoiditis. It is usually the location of the tumor and the repeated approach,
more than the actual size, that drives the complications.

A clinical case of complementary treatment for petroclival meningioma is
depicted in Fig. 1.

Advancement

Multiple advances in neurosurgery, including the use of the microscope and
endoscope, improved preoperative neuroimaging, intraoperative
neuronavigation, and intraoperative neurophysiological monitoring, have
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extended the neurosurgeon’s ability to remove lesions that were previously
considered only partially resectable or unresectable, while minimizing damage
to the nervous structures [2ee, 56¢]. Minimally invasive keyhole approaches,
which create a smaller craniotomy than traditional TCA, are also increasingly
described, but with any of these evolving techniques, a goal for maximal safe
resection should be maintained, especially when dealing with higher-grade
tumors [49].

Advanced preoperative and postoperative imaging techniques are increas-
ingly used for tumor delineation, determination of residual tumor mass, and
identification of bone or brain invasion, and their use is encouraged (RANO
evidence level 2) [1ee, 57]. For example, **Ga-DOTATATE showed superior
signal to background ratio for delineation of meningiomas in regions with
low MRI contrast (skull base, orbital, sinus, or parafalcine region) or to detect
bone infiltration [1ee, 58]. Adjuncts such as 5-aminolevulinic acid fluorescence
have been investigated for their role in improving detection of tumor satellite
cells in adjacent brain, dura, and bone for invasive meningiomas, with initial
promise [49].

It is inevitable that biology and surgery will become further intertwined. A
particularly attractive prospect is the pre-surgical identification of targetable
mutations with neoadjuvant drug therapy to reduce tumor size, rendering
subsequent surgery safer [49].

Two, recently published, large longitudinal observational study compared
1469 and 817 patients, respectively, operated on for intracranial meningioma
during the last three decades [56¢, 59¢]. The series from Meling et al. reported a
significant reduction of patients presenting at surgery with a poor performance
status, increased intracranial pressure, and/or neurologic deficits in the last
analyzed decade [59¢]. An increased availability of preoperative MRI and a
decreased rate of angiography and tumor embolization were registered by
Sicking et al. [56®] A trend toward operating on more elderly patients was
noted by both series [56¢, 59¢]; this is probably the result of the combined
effect of several factors including the increased life expectancy, the increased use
of imaging in the later decades, and the fact that older patients are nowadays
considered eligible for surgery. The proportion of higher-grade meningiomas
over the years had conflicting results in the two series [59¢]. The use of
intraoperative neuronavigation and neuromonitoring was noted to increase
[56].

Interestingly, the rate of Simpson grade I achievement increased from 33 to
46% after the year 2000 [59¢] in one series, while it dropped from 42 to 24% in
the other series [56¢]. Different factors might come into play: on one hand, we
have the earlier diagnosis that lead to smaller tumor size, together with the
advancement of neuroimaging and intraoperative techniques (the use of
neuronavigation has been reported to increase the frequency of Simpson grade
I achievement over two times [60]), on the other hand, we are witnessing a
growing attention toward the preservation of the quality of life, that has
generated a trend toward combined approaches (e.g., STR followed by adjuvant
SRS/RT on the residual tumor). Retreatment-free survival increased over time
only in the series by Meling et al. [59e].

Despite the rising age, perioperative mortality and worsened neurologic
outcome rate were significantly lower in the later decades [56¢, 59¢]. Converse-
ly, no significant differences were found regarding postoperative infections and
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hematoma [56¢, 59¢]. Median duration of hospitalization decreased progres-
sively [56e]: this can be partly explained by less emergency type and more
planned admissions with organization of preoperative diagnostics, improved
medical treatment, and, not be overlooked, financial pressure on neurosurgical
departments.

The choice of a surgical strategy should be tailored based on the patient’s
existing condition; the location, origin, and extension of the meningioma; its
suspected grade and consistency; the neurological symptoms inflicted; previous
treatment history; a desire for disease control or palliation; a wish to avoid
invasive treatments; and the surgeon’s experience and repertoire. All things
considered, complete tumor resection (with the involved dura and bone)
remains the standard of care, if it can be performed with minimal or no
morbidity, regardless of the size of the incision or specific approach employed
[49]. That can be the case with convexity meningiomas. Most studies, however,
suggest that surgery and SRS/RT have complementary roles in the management
of critically located meningiomas: patients do best if all modalities are afforded
to them [34]. Due to this reason, this is a field of complementary disciplines,
and neurosurgeon need to work closely with radiation oncologists to pursue the
best interest of these patients.
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