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Abstract

This retrospective case series aims to report five radiological identified patients with symptomatic bilateral
CSMs treated with GKRS and analyze the outcomes. All reported patients were females; the median age at
presentation was 45 years and the median follow- up period was 74 months (range 40—132 months). Four
patients (83.3%) achieved clinical control, including improvement in CNs function in 3 patients, and one
remained stable. Tumor control was achieved in 4 patients (80%), two achieved tumor size reduction, and
two remained. Following GKRS, the estimated survival free of radiographic tumor progression rates at 3, 5,
and 7 years were 100%, 80%, and 75%, respectively. GKRS offered safe and effective long-term tumor and
clinical control for small to medium-sized symptomatic benign bilateral CSM as much as it usually does with

solitary cavernous sinus meningioma.

Keywords: GKRS; Gamma Knife Radiosurgery, CSM; Cavernous Sinus meningioma, CNs; Cranial nerves, MIM;

Multiple Intracranial Meningioma, Stereotactic Radiosurgery.

Introduction

Meningiomas are common brain tumors, accounting
for approximately one-third of all adult primary brain
tumors. Most intracranial meningiomas are single,
and 290 % are pathologically benign. [9, 23, 26]

Solitary Cavernous sinus meningiomas (CSMs) are
the most common primary cavernous sinus tumors,
occurring in about 0.5 per 100000 persons in the
general population and over 90% are benign. [4, 5, 9]

After aggressive surgery for CSMs, mortality rates
have ranged from 0% to 7%, and morbidity rates are
between 10% and 65%. During the last two decades,
numerous GKRS series related to CSM have reported
tumor control rates that range from 88% to 100%
[7,15,16, 21] and a low rate of treatment-related
complications. [17,20,25]

Bilateral cavernous sinus meningioma has not been

reported in the literature in multiple intracranial
meningiomas. The current study aims to present a
case series of bilateral cavernous sinus meningioma
patients treated with GKRS in our center and address
the outcomes.

Multiple intracranial meningiomas (MIMs) are rare
when not associated with neurofibromatosis. They
are the presence of = 2 spatially separated
synchronous or metachronous lesions. The
prevalence rate of those tumors varied from 2.3 to
8.9% of all intracranial meningiomas, usually benign
in 95% of cases.The incidence of multiple
meningiomas is climbing, which may indicate more
sensitive diagnostic modalities or increased exposure
to environmental risk factors [1, 4, 3, 11, 23, 24, and
26]

Intracranial meningiomas are higher in females
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(65%), and this preponderance is even more
prevalent in MM (70-90%). Like solitary
meningiomas, MMs can appear at any location. The
supratentorial area is commonly predominant at the
convexity / falcine/parasagittal, followed by the skull
base location and the posterior fossa, which remains
rare. Although MMs are usually located in the same
hemisphere, they can be bilateral. [23, 25, 26]

To date, surgical resection for growing symptomatic
MIM is the mainstay treatment modality. However, the
surgical operation of MIMs is still challenging for
neurosurgeons because of the number and locations
of tumors, such as the brainstem, skull base, or other
eloquent areas.[2, 6, 19]

Many studies have been performed to establish the
safety and effectiveness of GKRS for solitary
meningiomas. However, there are limited data
regarding the treatment of MIMs by GKRS, and the
available evidence includes only limited cases. [2, 4,
6, 8,10,11,16, 22]

Whether the established effectiveness of GKRS in

treating solitary CSMs is similar to the outcome with
bilateral CSMs is still not determined and needs to be
investigated and addressed.

Objective

This retrospective case series aims to report
radiological identified five patients with symptomatic
bilateral CSMs (10 tumors) treated with GKRS at our
institution, in addition, to analyzing tumors response
and treatment-related morbidity.

Material and Methods

Patient population: The reported five patients with
bilateral CSMs represented 0.5 % of all treated
intracranial meningiomas in our center between
2005- 2020. Two patients were excluded from the
series (one had nasopharyngeal adenocarcinoma
infiltrating the skull base extended into both
cavernous sinuses, and the other did not complete
the regular follow-up).

The characteristics and features of
retrospective cases are presented in Table 1.

these

Table 1. Summary of characteristics in the reported 5 patients with bilateral CSMs* treated with GKRS

TV*in cc*
Case

Clinical presentation

Other meningiomas in addition
to the Bilateral CSMs at

Sex Age

No

Right Left Right side

Left side presentation

1 Female 53 6.5 3.8

Ophthalmoplegia.
rd i
2 Female 40 45 32 o CNt+ Visual
impairment
3 Female 35 1 9 Trigeminal pain
4 Female 45 1.95 5.08 Visual impairment

5 Female 45 7.5 3.6

3rd, 4th, 6th CNs

3rd, 4th, 6th CNs
Ophthalmoplegia

Trigeminal pain

Newly developed small convexity

Tri inal L
rigeminal Meningioma post-GKRS., on follow-
paraesthesia up
3d CN+ Visual
impairment&

Exopthlomus

Left large frontal convexity operated

Visual impairment upon & Small right occipital follow-up

Right frontal convexity meningioma
underneath skull bone hyperostosis
on follow-up

Trigeminal pain

cc*=cubic centimeter, TV*= Tumor volume, CSM*=cavernous sinus meningioma

All reported patients were females; the median age at
presentation was 45 years, and the median follow-up
period was 74 months (range 40-132 months).
Patients were diagnosed with benign meningioma
based on the natural course of the disease and the
radiological features. The typical natural course of
benign meningioma includes a long medical history,
slow tumor progression, and no history of cancer
metastasis. Radiological features include wide dural
tail attachment, clear boundaries, and uniform MRI
contrast enhancement. Patients were deemed
eligible for GKRS if the tumor is typically located at

cavernous sinus = 3cm in maximum diameters
uniformly contrast-enhanced.

GKRS was the primary treatment for all reported CSM
patients. None of the reported cases had associated
clinical or radiological evidence of neurofibromatosis
type Il

Three patients had GKRS for their tumors in two
separate sessions 3- 12 months apart, starting with
the larger side, which was usually more clinically
symptomizing. The volume of both CSM in those
patients was >8cc. Two patients were treated for both
CSMs in a single session; the volume of both lesions
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was < 8cc>

Pre-GKRS neurological
manifestations: Neurological manifestations are
usually predominant toward the larger CSM, with
moderate to minimal manifestations toward the
smaller tumor side. All patients presented with
different degrees of headache. Four patients
presented with diplopia and ocular movement
disorders (4 had oculomotor nerve palsy, 2
had abducens nervepalsy, and two had
apparent ophthalmoplegia). Three patients
presented with trigeminal pain, and one showed
trigeminal tingling and paranesthesia. Three patients
presented with visual impairment, one of them had, in
addition, left eye exophthalmos.

Upon presentation, two patients had other intracranial
meningiomas in addition to the bilateral CSMs, and
another patient developed a new surface meningioma
detected through the follow-up period.

Management and gamma knife procedure: The
Elekta-Leksell Gamma Knife (models B, and 4-C,
depending on the year of treatment); was used to
treat the reported six patients. Four patients were

Journal of Clinical Oncology Reports

treated in a single GKRS session for both defined
CSM, and two were treated in separate sessions
because of tumor volume. The standard stereotactic
Leksell G- frame is applied to the head after local
anesthesia and placed low and anterior as possible.
8-mm collimator was the commonly used helmet, and
in cases where the optic pathway was in the vicinity
of radiation, doses the 4-mm collimator was also
used. The 72° angle was applied in many cases so
that the radiation beams became parallel to the optic
pathway, avoiding harming it. The target localization
was determined with high-resolution stereotactic
contrast MRI T1 and T2 coronal and axial-weighted
sequences, which displayed the optic path and
cranial nerves. Slices were performed on 2-mm
thickness without gap and at zero angles. Treatment
planning was performed with the Elekta Leksell
Gamma Plan. The median tumor volume was 4.34cc
(range 1-9 cc). The median tumor peripheral
prescription dose (PPD) was 14.5Gy (range 12-
15Gy), the median isodose line was 37.5% (range 35-
55%), and the median maximum dose was 36Gy
(range 30- 42.9Gy). Table 2.

Table 2: GKRS treatment parameters of the reported 5 patients with bilateral CSMs* and outcomes

. . Follow-
No of Median Median Me_dlan Median% up Tumor Clinical
Case GKRS PPD* Isodose  Maximum Coverage Period control control
Sessions line% dose 9
months
Each CSM
p  [reated a 145 35 415 96 132 Improved
separate
session
Eggtlegsm Controlled
2 15 38 40.2 95 108 & Stable
the same Stabl
session able
Each CSM
3  freated a 135 35 34.6 92 40 Deteriorated
separate
session
Both
CSMs Controlled
4 treated in 12 35 36.3 97 84 & Improved
the same Stable
session
Each CSM
5  (reated a 12 375 32.4 975 52 Improved
Separate
session
mos*=Months, PPD*=Peripheral prescription dose, CSM*=cavernous sinus meningioma
Clinical and Radiological and follow-up: Patients performed by neurological evaluation and

who underwent GKRS at our center were regularly
followed up at the outpatient after 6 months post-
GKRS, then yearly afterward for five years, after
which follow-ups were done each two years or
whenever indicated. The clinical follow-up was

ophthalmological testing. The reported outcomes
were either clinical control (stable or improved) or
worsened.

Radiological
contrast MR,

follow-up, including high-resolution
T1, and T2 sequences images
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compared to the GKRS treatment stereotactic
neuroimaging. The median follow-up period was 74
months (40-132 months). Tumor growth was
controlled is considered if both or either treated
tumors shrinkage = 10% or unchanged. Loss of tumor
control was considered whenever either of the treated
bilateral tumors increased in size =2 10%.

Results

All reported five bilateral CSMs patients were
females. A total of 10 symptomatic benign CSM
tumors were radiologically identified and treated with
GKRS, with a median age at presentation of 45 years
(range 35-56 years).

Clinical outcome: The overall clinical control at the
last evaluation was achieved in 4 patients (80%),
including improvement in CNs function in 3 patients,
and one remained stable. Three patients who
presented with eye movement disorders improved or
recovered, and one remained stable. None of the
patients presented with normal visual acuity and
standard field of vision before treatment experienced

visual deterioration. Among the three patients
presenting with visual disturbances pre-GKRS, one
improved in the visual field and remained stable. One
patient developed worsening preexisting visual
impairment with progressive exophthalmos in the left
eye. This particular patient had concomitant
confirmed tumor progression 40 months post-GKRS.

Tumor outcome: At the last recent follow-up contrast
MRI evaluation, tumor size was controlled in 4
patients (80%), two patients achieved tumor size
evident reduction, and two had stable tumor sizes.
After 40 months post-treatment, one patient was
confirmed to develop an increase in treated left-side
CSM tumor size with deterioration of left eye vision
and progressive exophthalmos.

Estimated survival free of radiographic tumor
progression rates at 3, 5, and 7 years following GKRS
were 100%, 80%, and 75%, respectively. No
mortality-related GKRS was reported in this case
series.

-

Fig 1: Contrast MRI brain for a female patient 56 years old with bilateral cavernous sinus meningiomas. (A) Stereotactic MRI at first GKRS
session in 2011, for the right cavernous sinus meningioma (6.5cc volume treated with 14Gy to 35% isodose line). (B) Stereotactic MRI at
the 2nd GKRS session in 2012; for left cavernous sinus meningioma (3.8cc volume treated with 15Gy to 35% isodose line). (C) Follow-up
contrast MRI 11 years post-GKRS, revealed some reduction of both treated cavernous sinus meningiomas.

How to cite this article: Raef F.A. Hafez, Magad S. Morgan, Esam Abed El Kawy, Osama M. Fahmy, Wael K. Zakaria, and Hamdy T. Hassan, (2023). Gamma knife radiosurgery outcomes

for identified bilateral cavernous sinus meningiomas: A retrospective case series report. Journal of Clinical Oncology Reports. 2(1). DOI: 10.58489/2836-5062/008.

Page 4 of 8


https://www.mediresonline.org/journals/clinical-oncology-reports
https://mediresonline.org/uploads/articles/1675163423image.png

Journal of Clinical Oncology Reports

Fig 2.
Discussion

The literature about MIMs is relatively scarce; most
published papers are case reports or small case
series. Management of solitary meningioma has been
extensively studied; however, similar Knowledge for
multiple intracranial meningiomas remained limited.
Approximately two-thirds of patients with multiple
meningiomas require therapy, but only one-third need
active treatment. [9, 26]

The multiplicity of intracranial meningioma is
uncommon and represents 1-10% in the literature,
particularly if not associated with neurofibromatosis
type Il. The treatment strategy decision, outcome,
and natural history of MIMs still need to be
determined. [3, 9, 11, 13, 23, 24, 25, and 26]

In a total of 1106 meningioma patients treated with
GKRS at our center between 2005- 2020, 96 patients
(8.7%) had MIMs. Among those treated MIM patients,
we reported five patients with clinical and images-
defined benign  bilateral cavernous  sinus
meningiomas (10 tumors).

Tsermoulas G. et al. 2018, in a study of 133
consecutive MIMs patients, reported female/male
ratio was higher (3.5:1) compared with the 2:1 ratio
reported for single lesions. [26]

Itis unclear why female preponderance is significantly
higher in multiple lesions. However, the recent
hypothesis is that hormonal dependency may be
higher, as suggested by more robust progesterone
expression in these tumors compared with their single

counterparts. Genetic factors may enhance the
potential for tumorigenesis in women. [9, 13, 25,26]

Our results for female predominance in multiple
intracranial meningiomas followed those obtained in
the literature [9, 23, 24, 25, and 26]. All reported
patients in this series were females, and none
reported cases had associated clinical or radiological
evidence of neurofibromatosis type II.

Complete removal of cavernous sinus meningioma
(CSM), including its dural base, is impossible without
significant potential risks. Reported gross-total
resection rates for CSM have varied between 12%
and 80%; however, after surgery, the mortality rates
have ranged from 0% to 7%, and morbidity rates are
between 10% and 65%. [10, 11, 12] During the last
two decades, numerous Radio surgical series related
to CSM have reported tumor control rates that range
from 88% to 100% and a low rate of treatment-related
complications. However, there are limited data
regarding the treatment of MIMs by GKRS, and the
available evidence includes only limited cases [7, 17,
18, 19, 20,22]

Clinical outcome: In this report, three patients had
GKRS in two sessions for the identified bilateral
CSMs (volumes >8cc), and two patients were treated
for both CSMs in the same session with a total tumor
volume <8cc>

Overall clinical control was achieved in 4 patients
(80%) in this case series. At the last clinical
evaluation, three patients with ocular movement
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disorders improved or recovered, and one remained
stable. Patients who presented with total
ophthalmoplegia recovered  with confirmed
radiological tumor reduction. None of the patients
who presented with normal visual acuity and standard
field of vision before treatment experienced visual
deterioration after GKRS. For those presented with
visual disturbances pre-GKRS, one improved, one
remained stable, and one worsened with preexistent
visual impairment. This particular patient acquired in
addition tumor size progression. Trigeminal and facial
pain improved in two patients.

Régis et al. 2000; studied 92 patients with benign
cavernous sinus meningiomas who underwent GKRS
at 30.5 months (range 12-79 months). There was no
new oculomotor deficit observed. Among the 54
patients with oculomotor nerve deficits, 15 improved,
eight recovered, 30 remained stable, and one
worsened. [18] Park et al. 2019; analyzed the
outcome of GKRS in 200 patients with CSMs and
found that 44 patients (26%) improved existent
cranial nerve deficit, and 116 patients (58%)
remained clinically stable. A decline in CN function
was observed in 25 patients, and permanent CNs
deficits were acquired in 15 patients. [16] The
favorable clinical outcomes of GKRS for bilateral
CSMs in our case series did not differ from the former
series with solitary CSMs.

Tumor control: Tumor growth control was achieved
in 4 patients (80 %). Tumor reduction was observed
in 2 and remained stable in size in 2 patients. One
patient developed MRI evidence of tumor-size
progression of the treated left CSM toward the left
optic foramen with intra-orbital extension. In contrast,
the treated right side CSM was stable. This patient
was operated on for partial tumor reduction and
orbital De-roofing 40 months post-GKRS.

Nicolato et al. published a retrospective series
evaluating 122 benign cavernous sinus meningiomas
treated with GKRS at a marginal dose of 14.6Gy.
After a median follow-up period of 48.9 months,
disease-free progression over 5 years was 96.5 %
[15]. Lee et al. examined 159 cases of cavernous
sinus meningioma treated with GKRS at a marginal
dose of 13Gy; the control rate was 93.1 % over 10
years. [12]

Park et al. 2019, retrospectively assessed tumor
control outcomes 5-18 years after GKRS in 200
patients with CSMs; the authors reported tumor
volume regressed in 121 (61%) patients, was
unchanged in 49 (25%) and increased in 30 (15%),
with overall tumor control of 85%. Actuarial tumor
control rates at the 5-, 10-, and 15-year follow-ups

were 92%, 84%, and 75%, respectively. [16]

Estimated survival free of radiographic tumor
progression rates at 3, 5, and 7 years following GKRS
were 100%, 80%, and 75%, respectively. Most
published series reported a high tumor control rate for
solitary CSM post-GKRS ranging from 85-96.5%.
Although our reported GKRS favorable outcomes
were for bilateral CSMs, they were very much
following reported outcomes for solitary CSMs.

GKRS provides durable tumor control and a low risk
of new cranial nerve deficits for small - medium-
volume bilateral patients. Nevertheless, it remains a
debate on how to best manage patients with large
CSMs. One option is to perform initial non-radical
surgery to reduce the tumor size to a volume more
compatible with GKRS. [13, 16, 18]

For small size, none, symptomatic, or accidentally
identified CSM, a regular follow-up is sufficient and
active treatment should be offered for symptomatic or
growing tumors. Microsurgery should be advised for
large extensive CSMs (diameters >3 cm), especially
those with significant visual affection, to decompress
the optic path and debulk the tumor. [1, 5, 14]

Study strengths and limitations: The strengths of
our study include a relatively homogenous patient
population and regular follow-up documentation. With
the limited number of patients and the retrospective
nature, one must be careful in comparing the
outcomes. Whether the established effectiveness of
GKRS in treating solitary CSMs is similar to the
outcome with bilateral CSMs is still to be determined.
This case series report has several limitations that
must be considered.

Conclusion

Bilateral cavernous sinus meningiomas, although
rare yet, create therapeutic challenges through the
multiplicity and the usual involvement of critical
neurovascular. GKRS offered a safe, effective long-
term tumor and clinical control for small to medium-
sized symptomatic benign bilateral CSMs as much as
it usually does with solitary cavernous sinus
meningioma.

Retrospective study
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not contain any studies with human participants.
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