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Background: Gamma knife radiosurgery GKS for the treatment of the patients with
Neurofibromatosis type 2 (NF 2) is used for many years to achieve better tumor control, and to
avoid postoperative neurological deficits. Objective: This study aimed at exploring the effect of
GKS on the control rate, factors affecting such control, neurological morbidity, and the hearing
preservation with such management. Patients and Methods: Between February 2002 and
October 2012, seventy-nine patients with vestibular schwannomas associated with NF 2 were
treated by gamma knife radiosurgery at our center. Fifty-five patients harboring 91 tumors were
available for follow up for a minimum of 12 months after treatment. The follow up duration
ranged from 12 to 126 months (median 40 months). The mean age was 26.8 years (range 9-56
years). The median target volume was 2.7 cc (range 0.1 to 27.5 cc). The median marginal dose
was 12 Gy (range 8 to 13 Gy), with a median isodose of 50% (range 40-95%), and a median
percent coverage of 94% (range 77-100%). Results: Regarding the overall radiological response,
the tumor control rate was 89%. Progression free survival at 3, 5, and 10 years were (99%, 91.8%,
and 42.9%). The hearing preservation rate was 60%. The actuarial hearing preservation rates
were 79.8%, 67.5% and 50.6% at 3, 5 and 7 years, respectively. Better tumor control correlated
with older age, smaller lesion size and follow up duration. Hearing preservation correlated with
younger age, smaller lesions and hearing grade. Edema developed in only four lesions (4.4%).
Three patients complained of facial palsy, which was temporary and resolved after medical
treatment in less than a year. Conclusion: Gamma knife radiosurgery for NF 2 patients is a safe
and effective treatment modality that can achieve excellent tumor control with preserved
hearing and low risk of neurological morbidity.

INTRODUCTION
Neurofibromatosis type 2 (NF 2) is a genetic
disorder commonly presenting with bilateral vestibular
schwannomas (VS) associated with progressive hearing
loss. Even unilateral cases will present with other
tumors. More aggressive disease subtypes will be
associated with multiple intracranial meningiomas,
gliomas, juvenile cortical cataracts, other cranial nerve
schwannomas and even spinal tumors6,14. There are
other reasons why treatment of these tumors
complicated.
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Firstly, microsurgical resection of NF 2-associated
vestibular schwannomas carries a greater risk than
sporadic tumors, specifically with regards to hearing
loss and cranial nerve paresis. This is because the tumor
infiltrates and engulfs the cochlear nerve as well as the
surrounding nerves unlike sporadic cases where the
nerves are displaced and compressed5, 23, 25. Moreover,
the tumors are commonly more aggressive with greater
risk of recurrence 1, 12, 23.
In addition, these tumors commonly occur in the
younger age group so they supposedly have longer to
live thus require more definitive treatment or at least a
treatment that will provide a relatively better quality of
life. Microsurgery is associated with considerable risks
as mentioned before and also these patients will
commonly harbor many tumors and develop many more
during the course of their life span, making repeated
surgeries a less practical treatment option. Thus less
invasive alternatives such as gamma knife radiosurgery
provide a practical option for vestibular schwannomas
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in NF 2 patients 11, 18, 22, 24, 26. In this study we focus on
determinants of tumor control and hearing preservation
after gamma knife radiosurgery in these tumors.

PATIENTS AND METHODS
Between February 2002 and October 2012,
seventy-nine patients with vestibular schwannomas
associated with NF 2 were treated by gamma knife
radiosurgery at our center using Leksell Gamma Knife
unit Model C (Elekta AB, Stockholm, Sweden). This
retrospective study included fifty-five patients harboring
ninety-one tumors that were available for follow up for
a minimum of 12 months after treatment. The diagnosis
of NF 2 was based on the presence of bilateral VS or
unilateral VS associated with meningiomas, other nerve
schwannomas and/or spinal cord tumors.
Gardner-Robertson hearing grade was used to
measure hearing functionality. Grade 1 and 2 hearing
(pure tone average less than 50 dB and speech
discrimination score of 50% or more) was considered
serviceable. Forty-five tumors (49.5%) were associated
with serviceable hearing.
Before treatment all patients should have done a
contrasted MRI brain in addition to a pure tone
audiometry with speech discrimination score for hearing
assessment. The first and foremost goal of treatment
was tumor control due to the progressive nature of the
disease. Indications of treatment were unoperated
growing tumor, residual/recurrent tumor, patient
refusing surgery or patient unfit for surgery. Regarding
the timing of treatment, in indicated unilateral cases,
treatment was carried out without delay and regardless
of the hearing functionality. In indicated bilateral cases,
treatment was carried out first on the side of nonserviceable hearing. If the tumor was associated with
the only hearing side then treatment was postponed until
the patient could learn lip reading. Tumors causing
neurological deficit were referred back for surgery.
The stereotactic frame was applied as low and as
posterior as possible with accompanying head flexion.
In unilateral cases, a lateral shift of the frame towards
the side of the lesion combined with frame rotation was
done in order to bring the tumor as close as possible to
the frame center. In bilateral cases with small head, the
frame was placed centrally in relation to the head.
In all included cases an MRI was performed 1.6
mm thickness with no gap axial T1-weighted contrastenhanced images. On stereotactic fiducial definition,
only images with a mean error of deviation of less than
1 mm were accepted.
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Gamma plan software (Elekta AB, Stockholm,
Sweden) was used for dose planning. The intended
prescription dose to most of the patients was 12 Gy to
the 50% isodose with a tumor cover of 90% or more.
We tried to adhere to this protocol as much as possible.
MRI was done after treatment at 6-month intervals
during the first year then annually thereafter. In
clinically indicated cases, it was done earlier. In patients
with functioning hearing before treatment, a pure tone
audiometry with speech discrimination score was done
after treatment at 6-months intervals during the first
year then annually thereafter. Gardner-Robertson score
was used for hearing grading. Grade 1 and 2 were
considered serviceable hearing and grade 3 or more
were non-serviceable hearing.
We used IBM SPSS statistics (version 20.0, IBM
Corp.) for the data analysis. The following tests were
performed: 1) a comparison between 2 independent
groups for nonparametric data using the Wilcoxon ranksum test; and 2) a Chi-square test to study the
association between 2 variables or a comparison
between 2 independent groups as regards the
categorized data. The probability of error at 0.05 was
considered significant, whereas probabilities of error at
0.01 and 0.001 were considered highly significant.
Kaplan-Meier curves were used to calculate actuarial
tumor control rates and hearing preservation rates.

RESULTS
Fifty-five patients harboring ninety-one tumors
fulfilled the selection criteria and were included in this
study. Table 1 summarizes the patient demographics.
More than half the patients had undergone at least one
surgical intervention for the tumor before gamma knife
treatment. Thirty-six patients (65.5%) had bilateral VS
(72 tumors) while nineteen patients (34.5%) had
unilateral VS.
The commonest presentation was hearing loss
followed by tinnitus then ataxia. Twenty-three patients
had facial palsy but in fact, fourteen of these patients
developed facial palsy as a consequence of tumor
surgery. Table 2 summarizes the tumor demographics.
There were 45 ears with serviceable hearing before
treatment (49.5%) and 46 ears with non-serviceable
hearing before treatment (50.5%). Thirty-seven tumors
underwent at least one surgical intervention of which
twenty-five tumors were associated with nonserviceable hearing before gamma knife treatment as a
consequence of surgery.
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Table 1: Patient demographics
Patient characteristics

No. of patients (%)
(Total 55 patients)

Sex
Male
Females
Age
Family history
Previous surgery
Previous radiotherapy
Shunt
Other symptoms
Hearing loss
Tinnitus
Ataxia
Facial pain
Facial numbness
Bulbar palsy
Facial palsy
Table 2: Tumor demographics
Tumor characteristics
Family history
Previous surgery
Previous radiotherapy
Gardner-Robertson hearing grade
1
2
3
5

25 (45.5%)
30 (54.5%)
9-56 years (mean 26.8
years)
10 (18.2%)
29 (52.7%)
3 (5.5%)
8 (14.5%)
15
20
15
5
3
1
23

No. of tumors (%)
(Total 91 tumors)
21 (23.1%)
37 (40.7%)
3 (3.3%)
35 (38.5%)
10 (11%)
9 (9.8%)
37 (40.7%)

Table 3 includes the radiosurgical treatment
parameters. The cochlear volume was not drawn on the
day of treatment and consequently the dose to cochlea
was not calculated and was not considered as a
restrictive parameter during dose planning. So in
retrospect and for the purpose of this study, the cochlea
was drawn on the MRI done at the time of gamma knife

treatment. This was done by two independent observers
(Author 1 and 2). It was to account for interobserver
variability, which appeared to be insignificant (as shown
in Table 3). The aim was be able to obtain the mean and
maximum dose to cochlea. Statistics were done for the
group of data obtained from each observer
independently, to verify the presence or absence of
statistical significance in either group. Both groups did
not show any statistical significance.
Table 3: Treatment parameters
Treatment parameters
Volume
Prescription dose
Prescription isodose
Cover
Max. Cochlea Dose
Observer 1
(Gy)
Observer 2
Mean Cochlea Dose
Observer 1
(Gy)
Observer 2

Median (range)
2.7 cc (0.1-27.5 cc)
12 Gy (8-14 Gy)
50% (40-95%)
94% (77-100%)
8.9 Gy (5.2-18.7 Gy)
9.6 Gy (4.8-18.7 Gy)
5.5 Gy (2.6-10 Gy)
6.2 Gy (2.5-10 Gy)

At the last follow up, fifty-seven tumors (62.6%)
were stable, twenty-four tumors (26.4%) shrunk and ten
tumors (11%) progressed. Thus the overall tumor
control for this series was 89%. The median time to
tumor progression was 35 months (14-77 months).
Progression free survival at 3, 5, and 10 years were 99,
91.8, and 42.9 %, respectively. Univariate analysis
showed that better tumor control correlated with older
age (p 0.013), smaller lesion size (p 0.001) and shorter
follow up duration (p 0.012). Multivariate analysis,
maintained that predictors for tumor control were tumor
size (p 0.04) and follow up duration (p 0.032) (Table 4).

Table 4: Tumor control predictors

Age (years)
Volume (cc)
Dose (Gy)
Cover (%)
Isodose (%)
Follow up duration (months)
Sex
Previous surgery
Previous radiation
Bilateral
Family History
Edema
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Females
Males

Tumor Control
Controlled
Uncontrolled
Median
Count
Median
Count
26
15
2.45
4.40
12.0
12.0
94.0
92.0
50.0
50.0
48
81
48
2
33
8
34
2
2
1
64
8
19
2
4
0

Univariate
analysis

Multivariate
analysis

0.013
0.001
0.835
0.125
0.347
0.012
0.11

0.27
0.04
0.34
0.116
0.081
0.032
0.267

0.466
0.246
−
0.3
−

0.639
0.927
0.404
0.768
0.06

99

El-Shehaby et al. / Gamma Knife in Vestibular Schwannomas, Volume 30 / No. 2 / April - June 2015 97-104

Among the forty-five tumors with serviceable
hearing before treatment, worsened hearing occurred in
eighteen (40%), while maintained serviceable hearing
was observed in twenty-seven (60%). The actuarial
hearing preservation rates were 79.8%, 67.5% and
50.6% at 3, 5 and 7 years, respectively. On univariate
analysis, younger age (p 0.002), smaller lesions (p
0.015) and higher hearing grade (p 0.003), were

predictors of better hearing outcome. On multivariate
analysis, age (p 0.003) and tumor volume (p 0.002)
were predictors of better hearing outcome (Table 5).
Tumor volume seemed to be more important than dose
to cochlear volume with regard to hearing outcome as
demonstrated in Table 6. Smaller tumor volumes were
associated with higher cochlear dose yet had the highest
rates of hearing preservation, (Fig. 1).

Table 5: Hearing preservation predictors (among 45 tumors associated with serviceable hearing)
Hearing Outcome
Worsened hearing
Maintained hearing
No. of
No. of
Median
Median
patients
patients
Age (years)
27
17
Volume (cc)
4.40
.71
Dose (Gy)
12.0
12.0
Cover (%)
93.0
95.0
Isodose (%)
50.0
50.0
Max. Cochlea Dose (Gy)
(Observer 1)
8.5
9.1
(Observer 2)
8.8
10
Mean Cochlea Dose (Gy)
(Observer 1)
6.0
5.4
(Observer 2)
6.3
5.7
Follow up duration (months)
39
55
Sex
Females
10
11
Males
8
16
Previous surgery
4
8
Bilateral
15
22
Family History
5
10
Tumor Control
Controlled
14
23
Uncontrolled
4
4
Pretreatment
hearing Grade 1
10
25
grade
Grade 2
8
2
Others
0
0

Volume

Multivariate
analysis

0.002
0.015
0.737
0.08
0.327
0.327
0.053
0.511
0.553
0.619

0.003
0.002
0.989
0.204
0.423
0.782
0.540
0.949
0.621
−

0.175

0.065

0.41
0.511
0.727

0.147
0.5
0.42

0.394

0.3

0.003

0.131

Table 6: Correlation between tumor volume, dose to cochlear volume and hearing outcome
Hearing Outcome
Mean maximum
Mean mean
Total
cochlear dose (Gy) cochlear dose (Gy)
Worsened hearing
Maintained hearing
0-2 cc
6
20
26
9.6
5.6
2.1-3.99 cc
3
3
6
8
5.9
≥4 cc
9
4
13
8.6
6.5

Other than hearing loss, eight tumors (8.8%)
developed temporary adverse radiation imaging effects
after gamma knife treatment. These were in the form of
transient tumor swelling (six tumors) or edema without
tumor swelling (two tumors). Two tumors had edema
associated with tumor swelling. Transient tumor
swelling occurred 5 to 7 months after treatment.
Clinically relevant radiation side effects were limited to
two cases that developed ataxia and were associated
with edema and tumor swelling. They were given
steroids. All the tumors that developed swelling
returned to original size after 10-16 months, from the
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Univariate
analysis

time of occurrence of swelling. Three of these tumors
eventually shrank. None of the complications were
permanent.
One patient required shunt after treatment. He was
not previously shunted. Three patients developed
temporary facial palsy (one patient had HB grade 1 and
two patients had HB grade 3). This occurred 3, 5 and 6
months after treatment, respectively. All three were
given steroids and complete recovery occurred after 6, 7
and 5 months, respectively, from the time of occurrence
of facial palsy.
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Fig. 1: A 21-year-old female patient was operated for a right vestibular schwannoma with considerable reduction of
tumor size. Postoperatively, there was right hearing loss and right grade 6 facial palsy. She also had a left vestibular
schwannoma, which she refused to have operated. The hearing in the left ear was normal (Word discrimination score
96% at 60 dB and speech recognition threshold 15 dB). The patient was informed of the risk of losing hearing in the
only functioning ear after gamma knife treatment and further interventions were postponed for a few months until she
could learn lip reading. The treatment of the residual right and de novo left vestibular schwannomas was carried out in
the same session. The left tumor was 8.8 cc in volume and the right tumor was 0.2 cc in volume, treated with a
prescription dose of 12 Gy to the 55% and 50% isodose lines with a cover of 93% and 97%, respectively. Nine years
later, both tumors have shrunk and the left side hearing, which was primarily treated by gamma knife, remains
preserved (Word discrimination score 96% at 60 dB and speech recognition threshold 15 dB).

DISCUSSION
In the past, microsurgery was the only option in
patients with NF 2-associated vestibular schwannomas.
With the introduction of gamma knife radiosurgery and
its preference over open surgery for small and mediumsized sporadically occurring vestibular schwannomas,
its application in the treatment of NF 2-associated
tumors was considered plausible. Moreover, the hearing
preservation rates after radical surgery in NF 2associated vestibular schwannomas are lower and the
risks of postoperative cranial nerve deficits are higher
than those of sporadic vestibular schwannomas2, 4, 13, 23.
Furthermore, the bilateral nature of vestibular
schwannomas and the presence of other tumors in the
central nervous system can increase the likelihood of
other interventions and neurologic signs and symptoms
in these patients. This makes gamma knife an attractive
option for these patients with NF 2-associated vestibular
schwannomas. In the current study more than half the
patients had undergone at least one surgical intervention
for the vestibular schwannoma tumor before gamma
knife treatment, not including the other tumor types and
locations.
Other series have reported relatively high rates of
long-term control of vestibular schwannomas in patients
with NF 2 (50%–87.5%)8,11,18,22,24,27. These are
Egyptian Journal of Neurosurgery

comparable with our overall tumor control rate of 89%.
Yet we found that a longer follow up would be
associated with decreased tumor control. This explains
our relatively higher tumor control because of the
relatively short follow up duration in this series.
The actuarial 5-year and 10-year rates of tumor
control were 91.8% and 42.9%, which is comparable to
the series by Sun et al27 that reported rates of 87% and
41%, respectively. However, these rates are lower than
those reported by Mathieu et al11 (85% and 81% at 5
and 10 years, respectively) and Mallory et al8 (85% and
80% at 5 and 10 years, respectively). It was found that
the tumor control rates are lower than those for sporadic
vestibular schwannomas7, 11, 22, 27.
Chopra et al reported a 10-year actuarial resectionfree control rate of 98.3% in sporadic cases3. The reason
for this is unknown but may be related to the aggressive
nature of some tumors depending on the degree of gene
mutations associated with this disease.
Several authors found that younger patient age was
a predictor of poor tumor control11, 18, 27. It is known that
specific mutations in the NF2 gene are associated with
younger age at disease onset and with overall severity of
the disease. In addition, Mathieu et al noted that tumor
volume was a significant predictor of local control11.
Similarly, we found that young age and smaller tumor
size were associated with better tumor control.
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Data from the current study and others8, 11, 18, 22, 24, 27
show that gamma knife radiosurgery could provide
relatively long-term hearing preservation for 25.0%–
66.7% of NF2 patients, which is less than might be
expected for hearing preservation among patients with
GKS-treated sporadic vestibular schwannomas. This is
based on a theoretical consideration that the cochlear
nerve is likely to be inextricably enmeshed within an
NF 2 tumor, which may actually be a conglomerate of
tiny schwannomas along the length of the nerve. Thus,
delivery of a 12 Gy marginal dose at the 50% isodose
with a resulting maximum dose of 24 Gy within the
substance of the tumor (target volume), and by
supposition in the vicinity of the cochlear nerve, may
overwhelm its tolerance and result in hearing loss15, 17.
Other reports have found that better hearing
(Gardner-Robertson grade 1 and 2) prior to radiosurgery
was associated with a significantly greater rate of
hearing preservation11, 18.
Also Sharma et al reported better hearing with
smaller tumors24. Both these findings were significant
factors in our study in relation to hearing preservation. It
was noted that hearing outcomes were poor even when
contemporary reduced marginal doses were used8.
Sun et al indicated in their report that the
prescription dose range of gamma knife for vestibular
schwannomas in patients with NF2 was the same as that
for sporadic vestibular schwannomas (12–15 Gy) yet
the hearing preservation rate was lower; therefore, they
considered that the margin dose and the cochlea dose
were also not the important factors. Phi et al in their
study observed no significant effect of cochlear doses18.
In the current study we found that the cochlear dose
did not present a significant factor in hearing
preservation when compared to tumor volume. This is
in spite of other studies reporting the usefulness of
cochlear doses as a predictor of hearing preservation
after radiosurgery and radiotherapy10, 16, 28.
This may be due the fact that these studies were
reporting on cases of sporadic vestibular schwannomas
where the cochlear nerve is displaced and not engulfed
like NF 2-associated vestibular schwannomas where the
radiation dose inside the tumor is concentrated on the
nerve, as mentioned earlier.
The facial and trigeminal nerve function
preservation rate in radiosurgery for NF 2-related
vestibular schwannomas seems to be as high as that in
radiosurgery for sporadic cases with most published
series reporting treatment-related toxicity in less than
10% of patients9, 11.
Previous studies that used radiosurgery to treat
NF2-associated vestibular schwannomas showed that
the risk of facial palsy was related to the quality of the
dosimetric plan and the dose used11, 21, 22.
Massager et al found that the use of high
conformational planning, low radiation doses, and
accurate radiation delivery has significantly reduced the
102

risk of facial nerve injury after gamma knife compared
to any microsurgical approach. Other studies have found
a low rate of new or worsened trigeminal distribution
sensory deficits after gamma knife radiosurgery11, 22.
This is consistent with our results where we used low
dose (12 Gy) and consequent low incidence of
complications and absence of any permanent facial or
trigeminal neuropathy.
Transient tumor expansion with loss of contrast
enhancement, observed in six tumors in the current
study, is a common finding after radiosurgery and is
frequently followed by tumor shrinkage18-20,29.
Therefore, it is regarded as evidence of radiosurgical
effect19, 20. This is consistent with our results in which
half of the tumors that had transient swelling eventually
shrank.

CONCLUSION
Gamma knife radiosurgery for NFII patients is a
safe and effective treatment modality that can achieve
excellent tumor control with preserved hearing and low
risk of neurological morbidity.
The authors declare no conflict of interest. The
authors also declare no financial interest or financial
support concerning the submitted article.

REFERENCES
1.

2.

3.

4.

5.
6.

Asthagiri AR, Parry DM, Butman JA, Kim HJ,
Tsilou
ET,
Zhuang
Z,
Lonser
RR
Neurofibromatosis Type 2. Lancet 373:1974-86,
2009
Baldwin D, King TT, Chevretton E, Morrison AW
Bilateral Cerebellopontine Angle Tumors in
Neurofibromatosis Type 2. J Neurosurg 74:910-5,
1991
Chopra R, Kondziolka D, Niranjan A, Lunsford
LD, Flickinger JC Long-Term Follow-up of
Acoustic Schwannoma Radiosurgery with Marginal
Tumor Doses of 12 to 13 Gy. Int J Radiat Oncol
Biol Phys 68:845-51, 2007
Evans DG, Baser ME, O'Reilly B, Rowe J, Gleeson
M, Saeed S, King A, Huson SM, Kerr R, Thomas
N, Irving R, MacFarlane R, Ferner R, McLeod R,
Moffat D, Ramsden R Management of the Patient
and Family with Neurofibromatosis 2: A Consensus
Conference Statement. Br J Neurosurg 19:5-12,
2005
Ferner
RE
Neurofibromatosis
1
and
Neurofibromatosis 2: A Twenty First Century
Perspective. Lancet Neurol 6:340-51, 2007
Gutmann DH, Aylsworth A, Carey JC, Korf B,
Marks J, Pyeritz RE, Rubenstein A, Viskochil D
The Diagnostic Evaluation and Multidisciplinary

Egyptian Journal of Neurosurgery

El-Shehaby et al. / Gamma Knife in Vestibular Schwannomas, Volume 30 / No. 2 / April - June 2015 97-104

7.

8.

9.

10.

11.

12.

13.

14.

15.
16.

17.

Management of Neurofibromatosis 1 and
Neurofibromatosis 2. JAMA 278:51-7, 1997
Kondziolka D, Lunsford LD, McLaughlin MR,
Flickinger JC Long-Term Outcomes after
Radiosurgery for Acoustic Neuromas. N Engl J
Med 339:1426-33, 1998
Mallory GW, Pollock BE, Foote RL, Carlson ML,
Driscoll CL, Link MJ Stereotactic Radiosurgery for
Neurofibromatosis
2-Associated
Vestibular
Schwannomas: Toward Dose Optimization for
Tumor Control and Functional Outcomes.
Neurosurgery 74:292-300; discussion 00-1, 2014
Massager N, Delbrouck C, Masudi J, De Smedt F,
Devriendt D Hearing Preservation and Tumour
Control after Radiosurgery for Nf2-Related
Vestibular Schwannomas. B-ENT 9:29-36, 2013
Massager N, Nissim O, Delbrouck C, Delpierre I,
Devriendt D, Desmedt F, Wikler D, Brotchi J,
Levivier M Irradiation of Cochlear Structures
During Vestibular Schwannoma Radiosurgery and
Associated Hearing Outcome. J Neurosurg
107:733-9, 2007
Mathieu D, Kondziolka D, Flickinger JC, Niranjan
A, Williamson R, Martin JJ, Lunsford LD
Stereotactic
Radiosurgery
for
Vestibular
Schwannomas in Patients with Neurofibromatosis
Type 2: An Analysis of Tumor Control,
Complications, and Hearing Preservation Rates.
Neurosurgery 60:460-8; discussion 68-70, 2007
Mautner VF, Lindenau M, Baser ME, Hazim W,
Tatagiba M, Haase W, Samii M, Wais R, Pulst SM
The Neuroimaging and Clinical Spectrum of
Neurofibromatosis 2. Neurosurgery 38:880-5;
discussion 85-6, 1996
Moffat DA, Quaranta N, Baguley DM, Hardy DG,
Chang
P
Management
Strategies
in
Neurofibromatosis
Type
2.
Eur
Arch
Otorhinolaryngol 260:12-8, 2003
National Institutes of Health Consensus
Development
Conference
Statement:
Neurofibromatosis. Bethesda, Md., USA, July 1315, 1987. Neurofibromatosis 1:172-8, 1988
Nitta T, Sato K [a Clinical Study of 21 Patients
with Neurofibromatosis I and Ii]. No Shinkei Geka
23:131-5, 1995
Paek SH, Chung HT, Jeong SS, Park CK, Kim CY,
Kim JE, Kim DG, Jung HW Hearing Preservation
after Gamma Knife Stereotactic Radiosurgery of
Vestibular Schwannoma. Cancer
104:580-90,
2005
Perks JR, St George EJ, El Hamri K, Blackburn P,
Plowman PN Stereotactic Radiosurgery Xvi:
Isodosimetric Comparison of Photon Stereotactic
Radiosurgery Techniques (Gamma Knife Vs.
Micromultileaf Collimator Linear Accelerator) for
Acoustic
Neuroma--and
Potential
Clinical
Importance. Int J Radiat Oncol Biol Phys
57:1450-9, 2003

Egyptian Journal of Neurosurgery

18. Phi JH, Kim DG, Chung HT, Lee J, Paek SH, Jung
HW Radiosurgical Treatment of Vestibular
Schwannomas in Patients with Neurofibromatosis
Type 2: Tumor Control and Hearing Preservation.
Cancer 115:390-8, 2009
19. Pollock
BE
Management
of
Vestibular
Schwannomas That Enlarge after Stereotactic
Radiosurgery: Treatment Recommendations Based
on a 15 Year Experience. Neurosurgery 58:241-8;
discussion 41-8, 2006
20. Regis J, Pellet W, Delsanti C, Dufour H, Roche PH,
Thomassin JM, Zanaret M, Peragut JC Functional
Outcome after Gamma Knife Surgery or
Microsurgery for Vestibular Schwannomas. J
Neurosurg 97:1091-100, 2002
21. Roche PH, Robitail S, Thomassin JM, Pellet W,
Regis J [Surgical Management of Vestibular
Schwannomas
Secondary
to
Type
2
Neurofibromatosis]. Neurochirurgie 50:367-76,
2004
22. Rowe JG, Radatz MW, Walton L, Soanes T,
Rodgers J, Kemeny AA Clinical Experience with
Gamma Knife Stereotactic Radiosurgery in the
Management
of
Vestibular
Schwannomas
Secondary to Type 2 Neurofibromatosis. J Neurol
Neurosurg Psychiatry 74:1288-93, 2003
23. Samii M, Matthies C, Tatagiba M Management of
Vestibular Schwannomas (Acoustic Neuromas):
Auditory and Facial Nerve Function after Resection
of 120 Vestibular Schwannomas in Patients with
Neurofibromatosis 2. Neurosurgery 40:696-705;
discussion 05-6, 1997
24. Sharma MS, Singh R, Kale SS, Agrawal D, Sharma
BS, Mahapatra AK Tumor Control and Hearing
Preservation after Gamma Knife Radiosurgery for
Vestibular Schwannomas in Neurofibromatosis
Type 2. J Neurooncol 98:265-70, 2010
25. Sobel RA Vestibular (Acoustic) Schwannomas:
Histologic Features in Neurofibromatosis 2 and in
Unilateral Cases. J Neuropathol Exp Neurol
52:106-13, 1993
26. Subach BR, Kondziolka D, Lunsford LD,
Bissonette DJ, Flickinger JC, Maitz AH
Stereotactic Radiosurgery in the Management of
Acoustic
Neuromas
Associated
with
Neurofibromatosis Type 2. J Neurosurg
119:S815-22, 2013
27. Sun S, Liu A Long-Term Follow-up Studies of
Gamma Knife Surgery for Patients with
Neurofibromatosis Type 2. J Neurosurg
121:S143-9, 2014
28. Thomas C, Di Maio S, Ma R, Vollans E, Chu C,
Clark B, Lee R, McKenzie M, Martin M, Toyota B
Hearing Preservation Following Fractionated
Stereotactic
Radiotherapy
for
Vestibular
Schwannomas: Prognostic Implications of Cochlear
Dose. J Neurosurg 107:917-26, 2007

103

El-Shehaby et al. / Gamma Knife in Vestibular Schwannomas, Volume 30 / No. 2 / April - June 2015 97-104

29. Yu CP, Cheung JY, Leung S, Ho R Sequential
Volume Mapping for Confirmation of Negative
Growth in Vestibular Schwannomas Treated by

104

Gamma Knife Radiosurgery. J Neurosurg
3:S82-9, 2000

93

Egyptian Journal of Neurosurgery

