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ABSTRACT

Background: The most effective treatment method for meningiomas is surgical
treatment. However, complete resection of cavernous sinus meningiomas is quite
difficult. The biggest reasons for this are; narrow surgical corridor, the optic
chiasm is the close relationship between the cranial nerves and anterior cerebral
and internal carotid arteries. Gamma knife radiosurgery (GKRS) may be a good
option in these lesions with high mortality and morbidity. Aim: This study aimed
to evaluate and compare the early effects at a mean of 6 months and 3 years and
outcomes between surgery followed by gamma knife radiosurgery (GKRS) and
GKRS alone for cavernous sinus meningiomas. Methods: We included 20 patients
with cavernous sinus meningioma treated via single fraction Leksell Gamma Knife
Perfexion (Elekta Instruments; Stockholm, Sweden) between 2015 and 2018. The
mean age of the patients was 54.95 (range: 32—77) years. Nine patients underwent
primary surgery (for the resection of extracavernous components of the tumor)
followed by GKRS (for the resection of intracavernous components of the tumor)
(group A). Meanwhile, 11 patients were managed with GKRS alone (group B).
The tumor volume ranged from 2.8 to 32.8 (mean: 14.76) cm3 and the isodose
to the tumor margin from 10 to 13.5 (mean: 11.65) Gy. Results: In total, 20
patients were followed up at a mean time of 18.95 (range: 6-36) months. The
mean Karnofsky Performance Score of the patients was 95.2%. The mean follow
up times of groups A and B were 23.6 and 15 months, respectively. Meanwhile,
only patients with a follow up time of at least 6 months were included in the
study. The mean follow up time after GKRS in group A was 17.6 months. There
was no change in the tumor volume in 15% of patients. In the remaining cases, the
tumor volume decreased. The mean tumor regression rates were 82.2% in Group
A and 17.7% in Group B. The tumor volume did not decrease in three patients
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a low complication rate. Hence, it is the preferred management strategy for tumors with a suitable volume (average
tumor diameter: 3 cm or volume: 10 cm3 ). In tumors with a volume of more than 10 mL and/or without a 3 mm
safety margin with the optical system, it is recommended to prepare for radiosurgery by cytoreducing the tumor
volume surgically. Based on our opinion, the best results were obtained by GKRS to the intracavernous.

Keyworbps: Cavernous sinus, gamma-knife, meningioma

INTRODUCTION

Mningiomas (45%) are the most common type
of cavernous sinus tumors. They originate

from arachnoid cap cells in the arachnoid villi and
are located epiarachnoidally, and 90% of them are
benign.['! Moreover, they account for 20% of all brain
tumors (13%-26%).? Its incidence is 2—6/100,000, and
its prevalence is 1%—2% based on autopsy or screening
studies.” Numerous tumors progress asymptomatically.
Stage I benign meningioma is the most common, and
the recurrence rate of this type of tumor after radical
surgery can vary between 7% and 20%. Stage 1I atypical
meningiomas are only observed in 4.7%-7.2% of
patients, with recurrence rates of 29%—40% even if they
are completely resected. Stage III anaplastic malignant
meningiomas account for 1%-2.8% of all cases. They
are also associated with an extremely high rate of
recurrence (50%-78%) even after complete resection.*?]

There is an ongoing debate about different treatment
strategies ~ for  cavernous  sinus  meningiomas.
Radical surgical resection is the complete resection

of a tumor, including the intracavernous sinus
component.l'1  Conservative surgical resection with
radiosurgical treatment involves radiosurgery of

the intracavernous sinus portion after resection of
extracavernous sinus components. To date, microsurgery
and radiosurgery are used as complementary treatments
for the management of patients with cavernous sinus
meningioma. A few data, which can be used for the
direct comparison of outcomes between both approaches
used in a single institution, are available.

Surgical management of meningiomas aims to completely
resect tumors with dural extension. However, complete
resection of cavernous sinus meningiomas is challenging
due to the narrow surgical corridor and the close
relationship between the tumor and optic nerves, optic
chiasm, cranial nerves, and anterior cerebral and internal
carotid arteries. Accordingly, the mortality and morbidity
rates of surgical treatment in this region are high.™

MATERIALS AND METHODS

This retrospective study included patients with cavernous
sinus meningioma treated with Elekta Leksell Perfexion
at our GK unit between 2015 and 2018. In total,

nine patients underwent radical extracavernous sinus
resection following GKRS of the intracavernous part of
the meningioma (group A). Meanwhile, 11 patients were
managed with GKRS alone (group B). Table 1 depicts
the demographic and clinical information of patients.

None of the patients had a previous history of surgery
or radiation therapy. Transarterial embolization of the
arteries supplying the tumor was not performed on
any patient before surgical resection. Comprehensive
medical, neurological, neurophysiological,
ophthalmological, and neuroradiological evaluations
were performed before and after each surgery. During
radiosurgery, patients were immobilized in a Leksell
stereotactic coordinating frame, and contrast-enhanced
magnetic resonance imaging (MRI) was performed to
obtain accurate information about the shape, volume,
and three-dimensional coordinates of the tumor. Next,
single-fraction GKRS was performed [Figure 1].

Neurosurgeons and radiation oncologists performed
dose  planning using commercially  available
software (GammaPlan; Elekta Instruments, Stockholm,
Sweden). In principle, the dose at the tumor margin
was >13 Gy, which is within the 50% isodose range.
If the tumor is far enough from the optic apparatus
and the brainstem, the dose was occasionally increased
based on the tumor volume to improve long-term tumor
control [Figure 2].

All patients underwent T1- (gadolinium-enhanced and
gadolinium-free) and T2-weighted MRI, and tumor
volume was then calculated. Postoperative control MRI
was performed at 24-48 h and every 6 months within
the first 3 years [Figures 3 and 4].

The extent of surgical resection was determined based
on MRI images obtained 24-48 h after surgery and
was classified as total (no residual tumor or small area
with question marks), subtotal (<97% resection of
the mass, presence of significant residual tumor), and
partial (<90% resection of the mass). Single-fraction
GKRS was applied to group A after 6 months. Surgical
complications were defined as clinical deterioration after
surgery that occurred during hospitalization. Cranial
nerve morbidities and pretreatment, post-treatment, and
final Karnofsky Performance Score were evaluated and
compared between groups A and B.
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Data analysis was performed using the Statistical Package
for the Social Sciences software version 25 (IBM
Inc.). The normality of values was evaluated using
the Kolmogorov—Smirnov test and the Shapiro—Wilk
test. The homogeneous distribution of variances was
examined using Levene’s test. Independent Student’s
t-test was used for the cross-group comparison of Mann—
Whitney U test parameters.

Ethics committee

Due to the nature of this study, the need for ethical
approval was waived.

Table 1: Baseline characteristics of 20 patients with
cavernous meningiomas

Gender

Female 14

Male 6
Age (year)

Mean 54.95

Range 32-77
Karnofsky Performance Score mean (%) 95.2%
Presenting symptoms (7)

Headache 12

Decreased vision 12

3 nerve involvement 9

n 1

5% nerve involvement 3

6" nerve involvement 2
Tumor volume (cm?)

Mean 14.76

Range 2.8-32.8
Tumor regression mean (%)

Post GKRS 17.7

Post-surgical + GKRS 82.2
Follow-up (months)

Mean 18.95

Range 6-36

Figure 1: Contrast-enhanced T1WI image before gamma-knife treatment

RESuULTS

There were no disease-related mortality or surgical
complication during follow-up. The histological
diagnoses were papillary meningioma (n = 2), chordoid
meningioma (n = 1), and fibrous meningioma (n = 3).
The mean follow-up times of groups A and B were
23.6 and 15 months, respectively. Only patients with
a follow-up of at least 6 months were included in the
study. Seven patients in group A and eight in group B
had cranial nerve deficits before treatment. Moreover,
the deficits improved, worsened, and remained stable
in 46.6%, 26.6%, and 26.6% of cases, respectively.
The temporary morbidity rate was 10%. In group A,
we identified transient postoperative diabetes insipidus
in one patient and atelectasis in another. None of these
complications were found to affect the final status of the
patients. The overall permanent morbidity rate was 20%.
Table 2 shows the neurological findings.

Neurological outcomes and complications

Group A

Table 3 shows the volumetric analysis results of
group A. After a significant volumetric decrease in the
early postoperative period, in the 6" month, a control
MRI was performed to assess residual intracavernous
tumor volume, and patients then received single-fraction
GKRS. The mean follow-up time after GKRS was
17.6 months. The mean decrease in tumor volume after
GKRS was 22.6%, and the overall regression was 82.2%.
In one patient, the tumor volume remained stable after
GKRS. We identified transient postoperative diabetes
insipidus in one patient and atelectasis in another. The
mortality rate after treatment was 0% [Table 3].

Group B
Table 4 shows the tumor volumetric analysis results of

Figure 2: Gamma-knife, preoperative calculation
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group B. Unlike in group A, there was no significant
decrease in tumor volume in the early postoperative period.
Then, a slow decrease was observed after GKRS. The mean
follow-up time was 15 months after GKRS. The mean

Table 2: Neurological outcomes and complications
Post-GKRS Post-surgical Post-surgical

(n) (n) + GKRS (n)
Cranial nerve deficit 2 1 1
Improved None None None
Stable 1 None 1
Worsened 1 1 None
New deficit None None None
Oculomotor palsy 4 5 2
Improved 1 3 None
Stable 3 None 2
Worsened None 2 None
Trigeminal dysfunction 2 1 0
Improved 2 1 None
Stable None None None
Worsened None None None
Follow-up 11 9 9
Mean (months) 15 23.6 17.6

decrease in the percentage of tumor volume was 17.7%. In
two patients, the tumor volume remained stable. None of
the complications were found to affect the final status of the
patients. The mortality rate after treatment was 0% [Table 4].

According to the statistical analysis, groups A and
B were comparable and homogeneous (Levene’s

Figure 3: Contrast-enhanced T1-weighted image, 1%-year control

Table 3: Predictors of tumor regression and time-to-regression for cavernous sinus meningiomas in Group A

Patient Age Gender Tumor Tumor  Prescription Interval Interval Tumor Tumor Total
volume at  volume isodose (Gy) between between volume regression tumor
surgery  at GKRS Tumor volume treatmentto GKRS tolast at the last after  regression
(cm?) (cm?) 50% last follow-up follow-up follow-up GKRS (%)
(months) (months) (cm?) (%)

1 62 Male 17.8 3.56 10 28 22 29 18.6 83.8
2 47 Female 232 5.8 11 18 12 4.7 19.0 79.8
3 55 Female 30.3 8.48 13 36 30 6.2 27.0 79.5
4 58 Male 15.7 3.29 10 25 19 2.32 29.5 85.3
5 64 Female 32.8 8.52 13.5 22 17 7.3 14.4 77.8
6 57 Female 28.6 5.14 11 32 25 3.4 34.0 88.2
7 60 Male 243 53 11 20 14 32 39.7 86.3
8 48 Female 19.8 4.7 10 17 11 3.7 21.2 81.3
9 44 Female 29.70 6.5 13 15 9 6.5 0.00 78.1

Table 4: Predictors of tumor regression and time-to-regression for cavernous sinus meningiomas in Group B

Patient Age Gender

Tumor volume at Prescription isodose (Gy)

Interval between Tumor volume at the Tumor

GKRS (cm?) tumor volume 50% treatment to last last follow-up (cm®)  regression (%)
follow-up (months)
1 52  Female 2.8 10 7 2.8 0.00
2 32  Female 7.3 13 12 53 27.40
3 67 Male 6.4 12 32 3.0 53.10
4 43  Female 5.3 11 6 5.3 0.00
5 50 Female 7.0 12 11 6.5 7.14
6 54 Female 5.5 11 10 5.0 9.09
7 38 Female 3.7 10 30 2.2 40.50
8 63 Female 5.9 11 9 5.5 6.77
9 72  Female 14.2 14 12 13 8.45
10 77 Male 8.7 13.5 24 6.7 22.90
11 56 Male 6.2 12 13 5 19.35
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Table 5: Description of all reviewed studies for each treatment modality, excluding Linac RS, fractioned and
hypofractionated RS treatment series

Author Patients Receiving surgical Tumor  Follow-up time Clinical Radiological PFS at
(n) treatment (%) volume (months) improvement tumor 5 year
(cm?) (%) regression (%) (%)
Duma et al., 1993018 34 82 5.2 26 24 56 N/A
Liscak et al., 1999 67 36 7.8 19 36 52 N/A
Roche et al., 20001 80 37.5 5.8 30.5 N/A 31 92.5
Kobayashi et al., 20010 27 63 N/A 20.2 N/A N/A N/A
Shin et al., 200112 40 70 43 42 24 N/A 86.4
Iwali et al., 200321 42 52 14.7 494 28.6 59.5 92
Nicolato et al., 2002'" 156 52 8.3 48.9 78.5 61.5 96.5
Lee et al., 20021 159 49 6.5 39 29 34 93.1
Kuo et al., 200422 57 7 34 15.2 28 46 N/A
Maruyama et al., 20045 40 57.5 5.4 47 20 N/A 94.1
Pollock and Stafford, 200523 49 0 10.2 58 26 N/A 82.5
Liu et al., 2005124 88 N/A 6.6 32.5 N/A 435 94
Metellus et al., 20058 74 N/A 52 63.6 53.8 52.7 94.4
Hasegawa et al., 200711 115 57 14 62 64 N/A 87
Franzin et al., 20071 123 33 8 36 23 43.1 90.5
Malik et al., 20091 101 0 N/A 44 N/A N/A 87
Skeie et al., 200916 100 60 7.4 82 21 22 89.4
Zada et al., 20101" 59 N/A 6.5 75 N/A N/A N/A
Williams et al., 20112 138 61 7.5 84 N/A 48 95.4
Hayashi et al., 20121 19 26 N/A 55 N/A 68 N/A
Zeiler et al., 20128B% 30 40 7.9 36.1 N/A 34.6 N/A
Kano et al., 2013013 272 36 7.9 62 31 60 94
Pollock et al., 201314 115 40 9.3 89 41 N/A N/A
Hafez et al., 20151 62 18 5.7 36 N/A 19 95

the gold keyword was here cytoreduction of the tumor

volume.

DiscussioN

Figure 4: Contrast-enhanced T1-weighted image, 2"-year control

test). Moreover, they significantly differed in terms
of total tumor regression rates (P < 0.001, Mann—
Whitney U test). However, there was no significant
difference in terms of tumor regression rates after
GKRS (P > 0.05).

In our study, the best results were obtained by GKRS
to the intracavernous part after surgical resection of
extracavernous components of the tumor. In our opinion,

Nigerian Journal of Clinical Practice | Volume 26 | Issue 5 | May 2023

To date, cavernous sinus meningiomas are resected
with conventional, well-defined skull base approaches.
Radiosurgery is another modality used in the treatment
of these tumors.*® In this study, we compared the
efficacy of surgery + gamma-knife and gamma-knife
alone for cavernous sinus meningiomas. A surgical
oncological cure is difficult to achieve due to the
anatomical localization and invasive nature of cavernous
sinus meningiomas. Cavernous sinus meningiomas are
intradural tumors.['?l According to the grading system
described by DeMonte et al.,’! the extent of cavernous
sinus meningioma resection is not better than that of
grade 4a, as it exhibits a certain degree of infiltration
into the anatomical structures and bone tissues in the
cavernous sinus. This implies the need for deliberate
subtotal resection of the tumor and complete microscopic
resection of tumor dural adhesion to protect the cranial
nerves or blood vessels. The degree of internal carotid
artery (ICA) involvement and vascular wall invasion
by the meningioma that covers the ICA is another
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determinant of oncological complete resection.'” ICA
and cavernous branch resection partially devascularizes
the cranial nerves of the cavernous sinus. Moreover,
it may decrease functional recovery rates, resulting in
nerve infarction.'”! In terms of anatomical structure,
the absence of arachnoid surfaces is another cause
why oncological eradication of these tumors cannot be
achieved.

Postoperative MRI could help accurately determine
residual tumor volume within 24-48 h, and this is a
valuable tool in deciding the next treatment step. MRI
performed within 24-48 h after surgery can determine
the exact volume of residual tumor and the next
treatment step on time. Commonly, the outcome is
cytoreduction of the extracavernous tumor, which can
protect brain function, and another strategy is used to
confine the tumor within the cavernous sinus to preserve
cranial nerve functions. In our field, an understanding
of the nature of surgical treatment for these tumors
has made us consider that pursuing the goal of radical
excision via surgical procedures using modern skull
base techniques (group A) is often unnecessary as they
can lead to complications and decrease the quality
of life. These complications can be prevented with a
more conservative strategy (group B). Nevertheless,
cranial nerve paralysis after surgical excision of the
intracavernous compartment of the tumor is the greatest
concern. Previous studies reported that the incidence
rates of permanent morbidity range from 10% to 59%,
and the cranial nerves are frequently involved.””! In this
study, the rate of extraocular deterioration is determined
mainly based on the aggressiveness of the surgical
strategy. Hence, based on our experience, complications
including hemiparesis were more likely to be
associated with the extracavernous spread of the
tumor. Extraocular nerve palsy is the most common
complication encountered during tumor management.
This neurological finding is wusually reversible
within 6 months. However, it commonly occurs,
and it is extremely disturbing that it becomes the
main determining factor for the quality of life in the
postoperative period. The probability of recovery from
extraocular palsy after surgery is higher with GK
treatment of the intracavernous compartment (group B).
Moreover, a postoperative manifestation of extraocular
nerve palsy is more common in the radical resection
group (group A). Preoperative detection of extraocular
palsy is not an indication of radical surgery. However,
this does not apply to the optic nerve. Preoperative optic
nerve dysfunction should be managed via the surgical
resection of the part compressing the extracavernous
tumor. Therefore, preservation of the normal optic nerve
function or reduction in the incidence of meningioma

that is far from the optic system may be an indication
for surgery in preparation for radiosurgery. Although
radiosurgery cannot eradicate neoplasms, it improves
their natural development and helps facilitates clinical
recovery or symptom stabilization. The current and
recent studies showed that radiosurgery is effective
in selected cases of cavernous sinus meningioma.
The tumor growth control rate of cavernous sinus
meningiomas after radiosurgery is >90%.0'""'5 In the
literature, volume reduction has been observed in
31% of cases in a large series.'” In another study,
the rate was 61.5%.177 From a clinical perspective, all
published series showed that >90% of participants
had stable or improved neurological conditions.
Moreover, radiosurgery can improve progression-free
survival (PFS) [Table 5].[6-%:11-14.18-30]

In the study by De Jests et al., the 5-year PFS rate after
radical microsurgery resection was 62%.[1 By contrast,
in several radiosurgery series, the 5-year rate PFS rate
ranged from 85.7% to 95.5%. The tumor volumes in
most microsurgery series are commonly larger than
those in radiosurgery series. Hence, based on the current
and previous studies, radiosurgery cannot be the primary
treatment method for cavernous sinus meningiomas.
Rather, it can be considered for meningiomas with a
volume of <10 mL. Radiation sensitivity of the optical
apparatus is an issue, limiting the use of radiosurgery
for the management of cavernous sinus meningiomas.
Duma et all' showed that 2 of 34 patients had
radiation-induced neuropathy after radiosurgery. In our
practice, we concluded that there should be a difference
of at least 3 mm between the closest optic anatomical
structure and the tumor border. Otherwise, as mentioned
earlier, the initial cytoreduction of meningioma far from
the optical system is essential.

CONCLUSIONS

Age is not a common parameter in decision-making
among patients whose systemic condition is suitable for
surgical intervention. However, some authors recommend
surgery as the first-line treatment among young patients.
In symptoms requiring surgical treatment including
optic nerve compression and extraocular nerve paralysis,
clinical reduction of diplopia can be considered after
radiosurgery.

Clinical or radiological findings including optical
system compression can be used as a basis for treatment
decision-making. A distance of at least 3 mm between the
tumor and the optical anatomical structures is required
for the safe and effective radiosurgical treatment of
cavernous sinus meningiomas. In tumors with a volume
of more than 10 mL and/or without a 3 mm safety

E Nigerian Journal of Clinical Practice | Volume 26 | Issue 5 | May 2023
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margin with the optical system, it is recommended to
prepare for radiosurgery by cytoreducing the tumor
volume surgically.

Contrast-enhanced MRI should be performed within
24-48 h after surgery to prevent confusion in obtaining
a differential diagnosis because of the appearance of
metabolites caused by postoperative inflammation and
hematoma resolution.

Financial support and sponsorship
Nil.

Conflicts of interest

There are no conflicts of interest.

REFERENCES

1. De Jests O, Sekhar LN, Parikh HK, Wright DC, Wagner DP.
Long-term follow-up of patients with meningiomas involving
the cavernous sinus: Recurrence, progression, and quality of life.
Neurosurgery 1996;5:915-9.

2. Al-Mefty O, Smith RR. Surgery of tumors invading the
cavernous sinus. Surg Neurol 1988;30:370-81.

3. George B, Ferrario CA, Blanquet A, Kolb F. Cavernous sinus
exenteration for invasive cranial base tumors. Neurosurgery
2003;52:772-80.

4. Knosp E, Perneczky A, Koos WT, Fries G, Matula C.
Meningiomas of the space of the cavernous sinus. Neurosurgery
1996;38:434-42.

5. DeMonte F, Smith HK, al-Mefty O. Outcome of aggressive
removal of cavernous sinus meningiomas. J Neurosurg
1994;81:245-51.

6. Liscak R, Simonova G, Vymazal J, Janouskova L, Vladyka V.
Gamma knife radiosurgery of meningiomas in the cavernous
sinus region. Acta Neurochir (Wien) 1999;141:473-80.

7.  Lee JY, Niranjan A, McInerney J, Kondziolka D, Flickinger JC,
Lunsford LD. Stereotactic radiosurgery providing long-term
tumor control of cavernous sinus meningiomas. J Neurosurg
2002;97:65-72.

8. Maruyama K, Shin M, Kurita H. Kawahara N, Morita A, Kirino T.
Proposed treatment strategy for cavernous sinus meningiomas:
A prospective study. Neurosurgery 2004;55:1068-75.

9. Metellus P, Regis J, Muracciole X, Fuentes S, Dufour H,
Nanni I, et al. Evaluation of fractionated radiotherapy and
gamma knife radiosurgery in cavernous sinus meningiomas:
Treatment strategy. Neurosurgery 2005;57:873-86.

10. Kotapka MJ, Kalia KK, Martinez AJ, Sekhar LN. Infiltration of
the carotid artery by cavernous sinus meningioma. J Neurosurg
1994;81:252-5.

11. Hasegawa T, Kida Y, Yoshimoto M, Koike J, lizuka H, Ishii D.
Long-term outcomes of Gamma Knife surgery for cavernous
sinus meningioma. J Neurosurg 2007;107:745-51.

12. Malik I, Rowe JG, Walton L, Radatz MW, Kemeny AA. The use
of stereotactic radiosurgery in the management of meningiomas.
Br J Neurosurg 2005;19:13-20.

13. Kano H, Park KJ, Kondziolka D, Iyer A, Liu X, Tonetti D,
et al. Does prior microsurgery improve or worsen the outcomes
of stereotactic radiosurgery for cavernous sinus meningiomas?.
Neurosurgery 2013;73:401-10.

14. Pollock BE, Stafford SL, Link MJ, Garces YI, Foote RL.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Single-fraction radiosurgery of benign cavernous sinus
meningiomas. J Neurosurg 2013;119:675-82.

Hafez RF, Morgan MS, Fahmy OM. Stereotactic Gamma
knife surgery safety and efficacy in the management of
symptomatic benign confined cavernous sinus meningioma. Acta
Neurochir (Wien) 2015;157:1559-64.

Roche PH, Régis J, Dufour H, Delsanti C, Pellet W, Grisoli F,
et al. Gamma knife radiosurgery in the management of cavernous
sinus meningiomas. J Neurosurg 2000;93(Suppl 3):68-73.
Nicolato A, Foroni R, Alessandrini F, Maluta S, Bricolo A,
Gerosa M. The role of Gamma Knife radiosurgery in the
management of cavernous sinus meningiomas. Int J Radiat
Oncol Biol Phys 2002;15:992-1000.

Duma CM, Lunsford LD, Kondziolka D, Harsh GR 4"
Flickinger JC. Stereotactic radiosurgery of cavernous sinus
meningiomas as an addition or alternative to microsurgery.
Neurosurgery 1993;32:699-704.

Kobayashi T, Kida Y, Mori Y. Long-term results of
stereotactic gamma radiosurgery of meningiomas. Surg Neurol
2001;55:325-31.

Shin M, Kurita H, Sasaki T, Kawamoto S, Tago M, Kawahara N,
et al. Analysis of treatment outcome after stereotactic
radiosurgery for cavernous sinus meningiomas. J Neurosurg
2001;95:435-9.

Iwai Y, Yamanaka K, Ishiguro T. Gamma knife radiosurgery for
the treatment of cavernous sinus meningiomas. Neurosurgery
2003;52:517-24.

Kuo JS, Chen JC, Yu C, Zelman V, Giannotta SL, Petrovich Z,
et al. Gamma knife radiosurgery for benign cavernous
sinus tumors: Quantitative analysis of treatment outcomes.
Neurosurgery 2004;54:1385-93.

Pollock BE, Stafford SL. Results of stereotactic radiosurgery for
patients with imaging defined cavernous sinus meningiomas. Int
J Radiat Oncol Biol Phys 2005;1:1427-31.

Liu AL, Wang C, Sun S, Wang M, Liu P. Gamma knife
radiosurgery for tumors involving the cavernous sinus. Stereotact
Funct Neurosurg 2005;83:45-51.

Franzin A, Vimercati A, Medone M, Serra C, Marzoli SB,
Forti M, et al. Neuroophthalmological evaluation after Gamma
Knife surgery for cavernous sinus meningiomas. Neurosurg
Focus 2007;23:10.

Skeie BS, Enger PO, Skeie GO, Thorsen F, Pedersen PH.
Gamma knife surgery of meningiomas involving the cavernous
sinus: Long-term follow-up of 100 patients. Neurosurgery
2010;66:661-8.

Zada G, Pagnini PG, Yu C, Erickson KT, Hirschbein J, Zelman V,
et al. Long-term outcomes and patterns of tumor progression
after gamma knife radiosurgery for benign meningiomas.
Neurosurgery 2010;2:322-8.

Williams BJ, Yen CP, Starke RM, Basina B, Nguyen J, Rainey J,
et al. Gamma Knife surgery for parasellar meningiomas:
Long-term results including complications, predictive factors,
and progression-free survival. J Neurosurg 2011;114:1571-7.
Hayashi M, Chernov M, Tamura N, Tamura M, Horiba A,
Konishi Y, ef al. Gamma knife radiosurgery for benign cavernous
sinus tumors: Treatment concept and outcomes in 120 cases.
Neurol Med Chir (Tokyo) 2012;52:714-23.

Zeiler FA, McDonald PJ, Kaufmann AM, Fewer D, Butler J,
Schroeder G, et al. Gamma Knife radiosurgery of cavernous
sinus meningiomas: An institutional review. Can J Neurol Sci
2012;39:757-62.

Nigerian Journal of Clinical Practice | Volume 26 | Issue 5 | May 2023 @




