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ABSTRACT

AIM: To analyze the results of stereotactic radiosurgery in 295 patients with residual Grade | meningiomas located at parasellar
region, petroclival region, cerebellopontine angle and parasagittal region.

MATERIAL and METHODS: A total of 295 patients with Grade 1 residual Meningiomas (197 women, 98 men), who were treated by
adjuvant radiosurgery in Gazi University Gamma Knife Center between 2004-2015 were analyzed. WHO Grade 2 and 3 meningiomas
were not included in our study. Minimum radiological follow-up was 24 months. The median follow-up was 54 months. The tumor
volume, location, treatment dose, morbidity, progression free survival and tumor control rate were analyzed.

RESULTS: The median tumor volume was 5.2 cm?® (0.04-39.7), median age was 50 (20-80), median dose was 14 Gy and tumor
control rate was 94.5% (stationary in 85.0%, volume reduction in 9.5%). Increase in tumor volume was seen in 16 patients (5.5%)
and re-operation was performed in 5 of them (1.6%). Stereotactic radiosurgery was performed again for 8 patients (2.7%).The
location of the tumors was as follows: 39.3% parasellar region, 20% cerebellopontine angle, 13.6% petroclival and 27.1% was
parasagittal, falcine or convexity. Major morbidities were detected in 6 (2%) patients. Minor morbidities were detected in 18 (6.1%)

patients.

CONCLUSION: Stereotactic radiosurgery is an effective and safe treatment modality for residual Grade | meningiomas.

KEYWORDS: Benign meningioma, Radiosurgery, Cavernous sinus, Petroclival, Cerebellopontine angle

B INTRODUCTION

arvey Cushing first used the term ‘meningioma’ in 1922
(5). Today, the most frequent primary brain tumors are

meningiomas which originate from arachnoid cap
cells (14,34). Meningiomas constitute 24%-33% of primary
brain tumors; and 75-90% of meningiomas are histologically
classified as WHO Grade | which are benign and slow-growing
lesions (62,65). Although WHO Grade | meningiomas are

benign pathological entities, growth rates may be different
among patients (12).

Microsurgical resection represents the first line treatment
for symptomatic and large meningiomas. If Simpson Grade
| resection (total resection of tumor, and the associated dura
and bone) can be achieved, the recurrence rate is significantly
low (58). Close relationship of the tumors to the cranial nerves,
brain stem, arteries, and venous structures makes resection
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difficult and decrease the extent of resection (EOR). That
is why the morbidity and mortality increase with the EOR
especially in skull base located meningiomas (5).

We aim to analyze the efficacy of Stereotactic Radiosurgery
(SRS) for residual WHO Grade | meningiomas as all of the
tumors were histologically confirmed. This study also provides
objective information about the efficacy of SRS on WHO
Grade | meningiomas in critical location of the cranium. The
tumor control rates, morbidity rates, outcome predictors of
SRS were analyzed for residual meningiomas.

B MATERIAL and METHODS
Study Design

A total of 1262 meningioma patients were treated in Gazi
University Gamma Knife Center between 2004 and 2015. A
total of 367 patients (29%) had undergone prior surgery and the
histopathological diagnosis was Grade | meningioma. Totally
295 patients (197 women, 98 men) with Grade | meningiomas
were reviewed retrospectively (Figure 1). Demographic
characteristics and SRS treatment parameters of study are
detailed in Table I. The median follow up was 54 months. The

location, volume, dose, morbidities and response rates were
analyzed.

Radiosurgical Technique

The details of the treatment protocols were explained
previously (6). The Gamma Knife Model C and Perfexion were
used. The treatment starts with the Leksell G Frame (Elekta
AB) application under local anesthesia and sedation if needed.
High-resolution stereotactic Magnetic Resonance Imagining
(MRI) was performed and 1 mm slice axial T2-weighted and
T1-weighted contrast enhancement images were obtained
after placement of the frame. Radiosurgical treatment was
planned by our radiosurgery team (neurosurgeon, radiation
oncologist and medical physicist) using Gamma Plan (Elekta
AB).

Clinical and Radiological Follow-Up

Clinical and radiological follow-up were usually performed at 3,
6, 12, 18 and 24 months after the treatment. After 24 months,
the patients with stable tumors were followed-up on an
annual basis. Follow-up examinations were performed in Gazi
University Gamma Knife Center. Neurological examinations
were compared with findings at the day of radiosurgical

Meningioma patients underwent
SRS between 2004-2015
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; Excluded (n=863)
Primary SRS without surgery
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WHO Grade 2, 3 Meningiomas
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Follow up loss

\ 4

Included (n=295)
WHO Grade 1 Residual Meningiomas

Local Tumor Control: 279 (94.5%)
Minor Morbidity: 18 (6.1%)
Major Morbidity 6 (2.0%)

_—/
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Parasellar Region Meningioma
(n=116)
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Convexity, Falcine
Parasagittal Meningioma
(n=80)

CPA Meningioma
(n=59)
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Minor Morbidity:3(5%)
Major Morbidity:3(5%)

Figure 1: Flow diagram showing patient selection and summary of the outcomes of the study.
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treatment. Follow-up MRI scans were compared with the MRI
images obtained at the time of the treatment. Enlargement of
tumor in any of the three planes was defined as tumor growth.

Statistical Analysis

Progression-free survival was defined as the stationary
tumor or decrease of the tumor volume in the 36, 48, 60 and
96-month follow-up. Local tumor control was defined as
the stationary tumor or decrease of the tumor volume in the
last radiological follow-up. New onset cranial nerve findings,
radiation-induced necrosis, radiation-induced symptomatic
edema, decreased visual acuity and motor weakness were
considered as major morbidities. Transient edema, headache,
numbness and dizziness after SRS were considered as minor
morbidity.

The descriptive statistics were carried out in all series and
in all subgroups for all the parameters (Table I, Il). In the
multivariate statistical studies, the impacts of age, gender,
localization, treatment doses, and tumor volume on post-
treatment progression and on morbidity were examined in all
series and subgroups. The Kaplan-Meier Analysis was made
for survival without progression in 36, 48, 60 and 96" months.

B RESULTS
Patient and Tumor Characteristics

The mean follow-up period was 54 months (24-106). The mean
follow-up period was 52.2 months for the meningiomas that
were localized in the convexity, falcine and parasagittal areas.
In the petroclival, parasellar region and CPA meningiomas, the
mean follow-up period was 56.6, 56.4 and 49.7 months.

The mean age was 50 (20-80) in all patient series. The female
gender was dominant in gender distribution in all series and
subgroups. In the gender distribution, a total of 197 (66.8%)
patients were female, and 98 (33.2%) patients were male.

Mean tumor volume was 5.2 cm?® (0.04-.39.7). The number
of patients who had tumor volume as <4 cm?, 4-10 cm?® and
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>10 cm?® was 110, 108 and 77, respectively (37.3%, 36.6%,
26.1%). Mean tumor volumes in the meningiomas that were
localized in the convexity, falcine and parasagittal areas
were 7.2 cm®. Mean tumor volumes in Petroclival, Parasellar
and CPA meningiomas were 5.0 cm?, 9.0 cm?® and 7.0 cm?,
respectively.

Average treatment dose was 14 Gy (12-22 Gy). Average
treatment dose for the meningiomas that were localized in
the convexity, falcine and parasagittal areas was 15.2 Gy.
Average treatment doses in Petroclival, Parasellar and CPA
meningioma were 13.9 Gy, 14.0 Gy and 14.2 Gy, respectively.
The number of patients whose treatment doses were <15 Gy
and =15 Gy was 182 (61.7%) and 113 (38.3%), respectively.
The descriptive statistics in all series and subgroups are
summarized in Tables | and Il.

Radiological and Clinical Outcome

The tumor control rate was 94.5% in mean 54 months of radio-
logical and clinical follow-up period. The number of patients
in whom tumor progression was detected was 16 (5.5%) in
the latest radiological follow-up. Although the tumor volume
remained stable in 251 (85%) patients in the radiological fol-
low-up, and tumor volume decreased in 28 (9.5%) patients.
The tumor control rate was 93.7% in convexity, falcine and
parasagittal meningioma subgroup. In Petroclival, Parasellar
and CPA meningioma subgroups the tumor control rates were
92.5%, 94.8% and 96.6%, respectively. The summary of clini-
cal and radiological results after SRS is given in Table Ill.

A total of 210 (71.2%) patients received 1 surgery; 67 (22.7 %)
patients received 2 surgeries; and 18 (6.1%) patients received
3 or more surgeries before SRS. The PFS in 36, 48, 60 and
96" months was 100%, 97%, 93% and 72%, respectively
(Figure 2). Five patients of those who had progression after
SRS were re-operated and 8 patients received SRS again.
No other treatment was applied to other patients because
they did not accept further treatment. The number of patients
who developed minor morbidities following SRS was 18

Table I: Demographic Characteristics and SRS Treatment Parameters of Study and Subgroups

Convexity, Falcine,

Parasagittal Petroclival Parasellar CPA Overall
n=80 (%) n=40 (%) n=116 (%) n=59 (%) n=295 (%)
Female 42 (21.3) 31 (15.7) 6 (38.6) 48 (24.4) 197 (100)
Gender

Male 8 (38.2) 9(9.2) 0 (40.8) 11 (11.2) 8 (100)
A <65 1(26.4) 36 (13.4) 110 (40.9) 52 (19.3) 269 (100)
ge >65 9 (34.6) 4 (15.4) 6 (23.1) 7 (26.9) 26 (100)
<4 31 (28.2) 5(22.7) 8 (25.5) 26 (23.4) 110 (100)
(T:n’:‘s‘)" volume 4-10 30 (27.8) 8 (7.4) 0 (46.3) 20 (18.5) 108 (100)
>10 19 (24.7) 7(9.1) 38 (49.4) 3(16.9) 77 (100)
<15 32 (17.6) 7 (14.8) 4 (46.2) 39 (21.4) 182 (100)

Median Dose
=15 48 (42.5) 3(11.5) 2 (28.3) 20 (17.7) 113 (100)
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Table lI: Statistical Analyses of Demographic Characteristics

Volume (cm?) Age Follow-up (Months) Dose (Gy)
Median 5.2000000 50.00 54.00 14.0000
Mean 7.6089192 48.91 53.98 14.3826
Std. Deviation 6.89106796 11.818 25.273 1.56559
Minimum .04300 20 24 12.00
Maximum 39.70000 80 106 22.00
Table llI: Follow Up Results of Study and Subgroups
C?:.‘é?::y Petroclival ::ﬁ%e(',',z; CPA Overall
Parasagittal n=40 (%) n=59 (%) n=295 (%)
n=80 (%)
Radiological Regression 6 (21.4) 2(7.1) 13 (46.4) 7 (25.0) 28 (100)
Follow-up Stable 69 (27.5) 35 (13.9) 97 (38.6) 50 (19.9) 251 (100)
(Tumor volume) o, ression 5 (31.3) 3(18.8) 6 (37.5) 2 (12.5) 16 (100)
None 72 (26.6) 38 (14.0) 108 (39.9) 53 (19.6) 271 (100)
Clinical Minor Morbidity 8 (44.4) 2(11.1) 5 (27.8) 3(16.7) 18 (100.0)
Follow-up Major Morbidity 0 (0.0) 0 (0.0) 3 (50.0) 3 (50.0) 6 (100.0)
Total Morbidity 8 (33.3) 2 (8.3) 8 (33.3) 6 (25.0) 24 (100.0)

1,0 L‘L“j 1,0

0,8 0,9

0,6 0,8

0,4 0,7

Progression Free Survival %
Progression Free Survival %

0,2 0,6

0,0 0,5

0 20 40 60 80 100 120 0
@ Follow Up (months)

L
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Figure 2: Kaplan-Meier analyses of actuarial progression free survival (PFS). A)The overall 36-, 48-, 60- and 96-month actuarial
progression free survival (PFS) rates were 100%, 97%, 93% and 72%, respectively. B) There were no significant differences among

patients’ progression-free survival regarding the location of the tumor.

(6.1%); and that of those who developed major morbidities
was 6 (2%). The radiologic and clinical follow-up results
following SRS are summarized in Table Ill. The most common
morbidities following SRS were headache at a rate of 3%
(n=9) and dizziness at a rate of 1.3% (n=4). Other most
common morbidities were numbness 1% (n=3) and cranial
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nerve findings 1.3% (n=4). Decreases were detected in visual
acuity in 2 patients, facial paralysis appeared in 1 patient, and
trigeminal neuralgia was detected in 1 patient following SRS.
No radiation-induced-secondary tumors were detected in any
patients following SRS.



MORBIDITY PRESENCE
fiNone
CmoreiDITY

150/

100’

Number of Patients

DOSE (Gy)

Figure 3: Chi-square test for morbidity and dose revealed
significant difference. Patients who received doses higher than 15
Gy had more minor and major morbidity (p=0.015). There were
no differences in terms of morbidity between patients regarding
age (<65 vs >65) (p=0.707), tumor volume (<4 cm?® vs >4 cm?)
(p=0.271), gender (p>0.05) and tumor location (p=0.478).

It was shown that tumor volume, location and treatment dose
did not influence the progression of the tumors in all series
and subgroups in multivariate statistical analysis. It was
determined that total morbidity was higher in the patient group
whose treatment dose was higher than 15 Gy, compared to
the patient group whose treatment dose was lower than 15
Gy (Figure 3).

B DISCUSSION

Traditionally, surgical excision of meningioma has been
accepted as gold standard treatment, and still has some
importantroles like histopathological sampling, decompression
of surrounding neural parenchyma and vascular structures.

Although some authors still advocate for aggressive surgery,
others prefer a more conservative approach involving subtotal
resection which provides decrease of mass effect and
protection of neurological function. This approach decreases
morbidity and mortality (47). The recurrence rates after
resection varies between 12-91% in different studies (47,56).

The reported rates of gross-total resection (GTR) in skull base
meningiomas (SBM) vary from 0% to 90%; and the morbidity
and mortality rates are as high as 67% (8,11,15,54,55,67).
Some studies advocate that GTR is not possible in nearly
30% of cases because of critical locations like cavernous
sinus, posterior fossa, petroclival region or optic nerve sheath
(31,33,36,44).

Even the subtotal or partial resection is associated with
significantly high morbidity and mortatality rates, poor outcome
is not rare (8). Some studies revealed that local progression
rate of benign meningiomas after subtotal resection (STR)
without adjuvant therapy may range between 37-62% in 5
years and 52-100% in 10 years (3,10,35,58-60).
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Petroclival, pontocerebellar, parasellar region and foramen
magnum meningiomas represent the majority of the cases
with high rates of morbidity and mortality (2,8,16,52).

There is still debate about the optimal treatment of SBM.
The high rate of morbidity makes many surgeons to prefer
the maximal safe resection and adjuvant radiosurgery. This
strategy has been a rational option to minimize the morbidity
and mortality.

SRS has been a well-established treatment modality in
meningiomas. SRS provides tumor control, and maintains
neurological function (12). The majority of previous articles
analyzed the role of SRS in both histologically confirmed and
not confirmed WHO Grade | meningiomas.

As SRS offers high rates of tumor control and excellent
outcomes, it becomes a first line treatment to prevent
recurrences. Stereotactic radiosurgery preserves or improves
neurological function in most of patients (9).

In our study, the tumor control rates and the morbidity rates after
SRS treatment of 295 patients who were histopathologically
diagnosed with WHO Grade 1 meningioma were evaluated.
The tumor control rate in mean follow-up period of 54 months
was 94.5%.

Ganz et al. conducted a study and examined the results
of SRS in meningiomas, and reported that the 12-16 Gy
treatment dose was the ideal treatment interval in local tumor
control (20). Also, Kondziolka et al. showed that the treatment
doses over 15Gy did not have superiority to lower treatment
doses (29). In our study, it was shown that the treatment dose
had no effects on tumor control at all localizations as previous
literature. However, statistical studies conducted previously
show that the morbidity rates increased at the treatment
doses above 15 Gy compared to patients below 15Gy. When
the treatment dose is considered in SRS planning, taking this
finding into consideration will decrease the morbidity risk after
SRS.

In our study, it was shown that the tumor volume did not
have any effects on the progression and postoperative
morbidity risk after SRS. These findings show that SRS will
be a proper treatment option following safe decompressive
surgery by avoiding morbidity in meningioma surgeries with
critical localizations. After eliminating the mass effect of the
tumor, lesion-specific conservative surgery and adjuvant SRS
treatment strategy (e.g. extracavernous resection and adjuvant
SRS for residual tumor in parasellar region meningioma,
subtotal resection in the parasagittal meningiomas, leaving
the remnant tumor which invaded sagittal sinus and SRS for
this lesion, in the meningioma localized posterior or inferior to
IAC cranial nerve-protecting conservative subtotal resection
and SRS) is the treatment approach to be preferred compared
to the radical surgery, which will increase the risk of morbidity
and mortality (Figure 4).

The “Follow-up and Wait-and-See” strategy after subtotal
resection is the method that is preferred by many surgeons.
Kim et al. conducted a study and compared 153 patients who
received SRS in asymptomatic meningioma and 201 patients
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Figure 4: lllustrative case of a 54-year-old female patient with
previous subtotal resection performed. Adjuvant SRS was
performed. Residual tumor volume was 8.7 cm?, and treatment
dose was 14 Gy. Pre- SRS (left side) and post- SRS (right side)
T1-weighted contrast enhancement MRI shows decreased tumor
volume after 96 months’ follow-up.

who were not treated in their natural history. In the patients
who received SRS in 5 years and 10 years, the PFS values
were 98.7% and 92.9%, respectively; however, in patients
who were only followed-up, the PFS values were 38.5% and
7.9%, respectively in 5 and 10 years. In this study, it was also
shown that having no calcification, patients’ being young, the
presence of peritumoral edema and T2 hyperintensity were
parameters that increased the risk of progression in the control
group (26). When the superiority of the SRS over follow-up
without treatment, which was shown in this study, and the
tumor control rates of the adjuvant SRS in our study are
considered, the adjuvant SRS should be considered instead
of the Wait-and-See Strategy in meningiomas following the
subtotal resection (26).
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In our department, the surgical strategy in meningiomas is
subtotal resection and adjuvant radiosurgery, if total resection
seems to carry high risk for neurovascular structures (tumor
adherence /invasion of critical structures).

Our treatment algorithm for progression after SRS is surgical
removal is the first choice in these patients. But if a patient’s
comorbidities are high or the patient does not accept surgical
treatment, SRS is the second option. But we also evaluate
additional radiation-induced risk. If adverse radiation effect
risk is high due to the first treatment (High dose or eloquent
location) or the patient does not want to further treatment, we
follow-up patients with radiological studies.

Sheehan et al. conducted a study with 736 meningioma
patients; and shared their SRS results. They reported that
having 1 surgery before SRS did not cause any statistical
differences in the PFS compared to having surgery. However,
in the same study, they also showed that the risk of regrowth
of the tumor after SRS was more in the patients who had more
than 1 surgery at a statistically significant level compared to
patients who received 1 surgery (57).These findings made us
consider the fact that 85 (28.8%) of the patients in our study
who had more than 1 surgery history before the SRS. These
finding could explain the difference that was detected in the
PFS rates compared to the literature.

Parasellar Region Meningiomas

Parasellar region meningiomas are challenging tumors for
complete removal because of the close relationship with
carotid artery and cranial nerves. GTR rate has been reported
as 20-76%, and morbidity rate has been reported as 16-74%
(18,15,42) in different studies.

SRS is an accepted treatment modality for parasellar region
meningiomas both because of the poor surgical results and
the high rate of tumor control with rarely occurring adverse
effects. Kano et al. reported 94% PFS in 5 years and 86% in
10 years after SRS for cavernous sinus meningiomas. Kano
et al. reported 92% cranial nerve deficits in patients with
previous surgery and 84 % in patients without previous surgery.
SRS is associated with 20-29% neurological improvement in
cavernous sinus meningiomas (23).

Pamir et al. compared radical surgery and conservative surgery
together with adjuvant radiosurgery. This study showed that
extracavernous resection of tumor and adjuvant SRS was as
effective as radical surgery in terms of tumor control with low
morbidity (43).

SRS provides 87-99% and 73-94% progression-free survival
(PFS) rates, respectively in 5 and 10 years for cavernous sinus
meningiomas (40,45). The tumor control rates are greater than
90% (45).

In the presented series, there were 116 patients with
meningiomas of sellar-parasellar and sphenoid ridge which
had cavernous sinus invasion who had at least one prior
surgery before SRS. The median tumor volume was 9 cm3on
median 56.4 months follow-up, local tumor control rate was
94.8%. Major morbidity was detected in 3 of the patients
(visual acuity decreased in 2 patients and radiation-induced
necrosis occurred in 1 patient).



Although all the meningiomas in this subgroup of patients
were not located in cavernous sinus, the tumor control and
morbidity rates were similar with the previous reports.

The documented success for tumor control and limited
morbidity of radiosurgery for parasellar meningiomas helped
to shift the surgical strategy from gross total resection to safe
subtotal resection (27).

Pollack et al. analyzed 115 cavernous sinus meningiomas. A
total of 40% of the pathologies of the patients was WHO Grade
I meningioma which were confirmed histologically. Median
follow-up was 89 months. A total of 5% patients had tumor
growth after treatment. Tumor control rate was 99%, 93% in
5 years and 10 years, respectively. Tumor control rate was
not statically associated with any factor; and 12% permanent
morbidity was detected. Morbidity rate after treatment was
associated with larger treatment volumes. New cranial nerve
deficits occurred in 10% of the patients. The decrease in tumor
volume was detected in 71% of the patients. Cranial nerve
improvement was more frequent in patients with primary SRS
(41%) than in the patients with prior surgery (20%) (45).

Many neurosurgeons advocate a more conservative surgical
strategy, opting for subtotal resection to prevent the post-
operative cranial neuropathies (16). Modern treatment
strategies aim to preserve neurological function, reducing
tumor volume if necessary and control tumor growth (27).

Petroclival Meningiomas

Petroclival meningioma originates from the medial of the skull
base cranial nerve foramens and from the upper two-thirds of
the clivus. Total resection is usually curable because most of
the meningioma at this region has benign nature (WHO Grade
l). However, aggressive surgery is usually associated with
severe morbidity and mortality due to close relationship with
cranial nerve, brain stem and vascular structures (2,38,39).

Petroclival meningiomas tend to grow in their natural history.
Tumor progression and clinical finding due to tumor growth
was reported as 76% and 63%, respectively (63). For this
reason, Wait-and-See policy is not suitable in majority of
petroclival meningiomas. Microsurgical and/or radiosurgical
treatment should be considered for treatment.

Almefty et al. reported the surgical outcome of their
petroclival meningioma series which had 64 patients. GTR
can be achieved in 64% of patients. Tumor recurrence was
significantly higher in cases with modified Kobayashi Grade
Ill and IV than in Grade | and Il. Overall 20% recurrence was
detected; and 9.8% recurrence was found in cases with GTR.
CN deficits were found in 42 patients; however, the risk was
found to be lower in Grade | and Il resected cases (1). Tumor
recurrence risk is possible even after GTR because Simpson
Grade 1 resection with dural attachment is usually not
possible. Natarajan et al. reported the follow-up results of 48
total resected petroclival meningiomas. PFS rate was 100%,
92.7% and 85% in 3, 7 and 12 years follow-up, respectively
(39).

In a retrospective review of surgical series, the GTR rate was
found in 49% of all the patients. New-onset neurological
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deficit after surgery was detected in 34% of the patients (1,17).
Although some neurosurgeons still recommend aggressive
surgery for successful tumor control (1,32), conservative
approach with decompression of mass effect and adjuvant
SRS also have favorable outcomes (19,48).

Kim et al. compared SRS results for primary and adjuvant
treatment. SRS was performed without surgical resection in 58
patients and postoperative in 31 patients. They accepted that
increased tumor volume was more than 15% of pre-treatment
tumor volume. The overall tumor control rate was reported as
94.4%. Tumor control rates were found as 91.4% and 100%
for primary SRS without surgical decompression and adjuvant
SRS after surgery, respectively. Surgical decompression after
adjuvant SRS was performed in 4 patients (because of cyst
formation in 3 patients and tumor progression in 1 patient after
SRS) (25).

Flannery et al. evaluated SRS outcomes in 168 petroclival
meningioma. Local tumor control rate was 90%. Neurological
deterioration rate was 15%. Adjuvant SRS was performed in
66 patients for Grade 1 meningiomas. Local tumor control
and neurological deterioration was reported as 91% and
14%, respectively in adjuvant SRS subgroup. Statistical
analyses revealed that large pre-GKS tumor volume (= 8mm?d)
is risk factor for progression and neurological deterioration in
adjuvant SRS subgroup (19).

Our study demonstrated SRS outcomes after subtotal
resection of Grade 1 petroclival meningioma. Local tumor
control rate was 92.5%. Our results suggest that more
conservative surgical approach and adjuvant SRS is effective
treatment options for petroclival meningiomas.

The reason of the lower rate of adverse radiation effect and
other morbidities in this series may be the dose selection
especially in petroclival meningiomas. In case of contact
between the tumor and brain stem, we limit the dose to 13Gy.
In other locations, we generally prefer 14 Gy margin dose if
the tumor is not small. The dose selection strategy may also
be the possible explanation for the low rate of PFS in the
presented series. Although the tumor control rates are similar
to the previous reports, tumor volume decrease is significantly
low.

Cerebellopontine Angle Meningiomas

CPA meningiomas constitute 1% of meningiomas and 6%-
15% of CPA tumors (18,64). Total resection of CPA meningioma
may be challenging because of close relationship with cranial
nerves, vascular structures and adjacent brain stem. Chen
at al. reviewed the literature for SBM and reported GTR as
82-86.1% and morbidity due to resection as 10.4-35.7% at
cerebellopontine angle (8).

Recurrence of CPA meningiomas also depend on the extent of
resection as in other locations (58). GTR without cranial nerve
damage may be challenging especially in large or infiltrating
CPA meningiomas.

Sekhar and Jannetta were pioneer surgeons for CPA tumors.
They reported GTR rate as 64% in 22 CPA meningiomas.
New-onset cranial nerve palsies were reported as 23% after
surgery (53).
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Roser et al. reported 86% GTR, 14% facial nerve palsy, and
23% hearing loss in 72 patients with CPA meningiomas (50).
Surgical treatment of large posterior fossa meningiomas are
associated with 46% complication rates, and GTR can be
as low as 50% (18). Especially for large cerebellopontine
meningiomas and petroclival tumors, the rates of morbidity
increase and the total resection rates decrease in microsurgical
treatment (18).

Nakamura et al. analyzed the effect of CPA meningioma
relationship on the Internal Auditory Canal (IAC) on
postoperative facial and vestibulocochlear nerve functional
outcome. Superior location of tumor to the IAC has better facial
and vestibulocochlear functional outcome after surgery (37).
Also, Schaller et al. reported better facial and vestibulocochlear
functional outcome after surgery for posteriorly-located CPA
meningioma to the IAC than anteriorly-located meningioma to
the IAC (51).

Ding et al. analyzed the results of SRS for CPA meningioma
in 191 patients and reported PFS in 5 and 10 years as
93% and 77%, respectively. Tumor control rate was 92%
and deterioration in neurological function was detected in
8.5% of the patients. They reported 4% surgical resection
after SRS because of symptomatic tumor growth and 1%
ventriculoperitoneal shunt operation for hydrocephalus. Male
gender was identified to be a bad prognostic factor for tumor
control in this and previous series (18).

Starke et al. analyzed 152 posterior fossa meningiomas
treated with SRS. Nearly half of the patients were treated after
resection. The locations were as follows; 23% tentorial, 28%
cerebellopontine angle, 18% petroclival, and 26% clivus. In
7 years of median follow-up 36% same tumor volume, 51%
decrease in tumor volume and 13% increase in volume were
detected. PFS in 3,5, 10 years were 98%, 96% and 78%,
respectively. They found that the older age and low dose to
tumor margin were associated with tumor progression. A total
of 91% of the patients were neurologically stable; and 5%
edema and 9% worsening of the symptoms were detected.
Worsening of the symptoms were more frequent in clivus
and petroclival meningiomas. Posterior fossa meningiomas
constitute 7%-12% of intracranial meningiomas. Total
resection rates vary between 40%-96%. Surgery is associated
with 0%-13% morbidity and 13%-40% mortality. Previous
history of surgery did not change recurrence rates (61).

Nicolato et al. found 95% tumor control rate in 62 posterior
fossa meningiomas treated with SRS. They reported 6.5%
morbidity due to edema in the brain stem (41).

Successful tumor control rates and low morbidity rates of SRS
have changed the treatment algorithm of CPA meningiomas.
Maximal subtotal resection for decompression of the brain
stem without cranial nerve and vascular damage and adjuvant
SRS to residual lesion has been documented as safe and
effective treatment option rather than aggressive surgery (18).

Convexity, Parasagittal and Falcine Meningiomas

Most of the convexity meningiomas are total-resectable
with their dural attachment. However, in some patients, total
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resection is not possible because of the close relationship to
the critical cortical part and cortical veins especially in elderly
patients.

Although total resection should be the goal for convexity
meningioma, Condra et al. reported the progression rate as
70% in subtotal resected convexity meningioma (10). Pollack
et al. showed that SRS provide more successful tumor control
rate compared with only subtotal resection. And they also
stated that SRS has similar tumor control rate with Simpson
Grade 1 resection (46).

Kondziolka et al. reported 125 patients with convexity
meningioma treated with SRS. Half of the patients had
previous surgery. In overall patients, 8% progression was
detected after SRS with 6% new neurological deficit. Tumor
control rate was 97 % in adjuvant SRS after subtotal resection
of WHO Grade | meningioma subgroup. They hypothesized
that irradiation of abnormal dura may be the underlying factor
for SRS successful tumor control rate. In this study, SRS
had similar tumor control with Simpson Grade 1 resection as
previous studies (30).

Hasegawa et al. analyzed the SRS results for 108 meningiomas
that were not located in skull base. A total of 59% of the
patients had prior surgical resection; and in 72 months follow-
up, 15% progression was detected in the cases. The rate of
peritumoral edema was 50% in patients without prior surgery
and 13% in patients with previous surgery (21).

Surgical strategy should be aggressive resection if possible
in convexity meningioma. Tumor control rates of adjuvant
SRS subtotal resected convexity meningiomas were worse
than SBM that were resected subtotally. These findings
suggest that convexity meningiomas are more radioresistant
than SBM. Another hypothesis is about heterogeneous dose
distribution of SRS. Radiation dose is decreased at the tumor
margin compared with the center of the tumor (21).

Brain edema after SRS is much more common in convexity
meningioma compared with SBM (22,24,49). Rogers and
Mehta reported the rate of cerebral edema after SRS in the
SBM and other meningiomas as 0% -22% and 25% -78%,
respectively (49). Cai et al. found that the chance of edema
after SRS increased 17% for each 1cm? increase in the tumor-
brain interface (7). Pial blood supply has been associated
with edema in meningiomas because of vascular endothelial
growth factor secretion (4,66). Parasagittal, convexity and
falcine meningiomas have much more pial blood supply than
SBMs, which are mostly surrounded with cisterns rather than
brain parenchyma. For this reason, surgical resection and
disruption of pial blood supply cause less post-SRS edema
(28).

In our study, there were 80 patients with convexity, parasagittal
or falcine meningiomas who had at least one surgery before
SRS. The median tumor volume was 7.2 cm® on median 54
months follow-up, local tumor control rate was 93.7% for this
meningioma subgroup.

In this group, our treatment strategy is performing Simpson
Grade 1 Resection as much as possible with aggressive surgery.



If total resection cannot be carried out because of sagittal
sinus invasion, neighboring eloquent area or neighboring
critical vascular structure, our goal in surgery is providing
maximum mass resection so as not to cause morbidity and
mortality and to ensure maximum decompression and to
disconnect the pial connections of the tumor. Cutting the pial
connections interrupts the tumor-parenchyma neighborhood
and allows that the dose of the neighboring brain parenchyma
in radiosurgery decreases. In addition, this will also reduce the
parenchymal edema risk after the SRS as mentioned before.

Minor morbidities were seen most frequently in this group.
Two patients developed temporary edema; and 6 patients
developed headache probably due to cerebral edema. These
findings support the evidence that the risk of edema due
to radiation is higher in patients with meningiomas that are
convexity-localized compared to skull-based meningiomas
after SRS. Major morbidity did not develop in this group.

Limitations

In our study, there were some limitations that stemmed
from the characteristics that are specific to retrospective
cohort analyses. The patient follow-up data and results were
collected after a long time period following the radiosurgery.
Our treatment doses and planning strategy changed through
the 15 years, which included our study, as our radiosurgery
experience increased. Although subtotal resection (Simpson
Grade 4,5) was carried out in patients who were included in
the study, the time between microsurgery and radiosurgery of
the patients varied. Although all of the patients had received
surgery before the SRS, some of the patients received
more than 1 surgery because of recurrence. Radiosurgery
and radiological systems improved in the follow-up period
depending on the ever-developing technology. The Gamma
Knife Model C was used in our clinic for SRS until 2013; and
Perfexion was used as of 2013. However, this did not cause
any statistically significant differences between these two
periods.

B CONCLUSION

SRS should not be considered as the first line treatment for
lesions with mass effect requiring decompression. Safer
microsurgical resection of meningiomas can be achieved
by only debulking and leaving the critical parts of the tumor
neighbor to cerebral arteries or important neural structures
for radiosurgery. Safe decompression of critical structures like
optic nerve and the brain stem, and leaving the remnant for
stereotactic radiosurgery is also a rational treatment option.
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