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Abstract

Purpose Surgery is the treatment of choice for large vestibular schwannomas (VS). Stereotactic radiosurgery (SRS) has
been suggested as an alternative to resection in selected patients. However, the safety and efficacy of SRS in Koos grade IV
patients <45 years old has not been evaluated. The aim of this study is to describe the clinical and radiological outcomes of
Koos grade IV in young patient managed with a single-session SRS.

Methods This retrospective, multicenter analysis included SRS-treated patients, <45 years old presenting with non-life
threatening or incapacitating symptoms due to a Koos Grade IV VS and with follow-up > 12 months. Tumor control and
neurological outcomes were evaluated.

Results 176 patients [median age of 36.0 (IQR 9) and median tumor volume of 9.3 cm® (IQR 4.7)] were included. The
median prescription dose was 12 Gy (IQR 0.5). Median follow-up period was 37.5 (IQR 53.5) months. The 5- and 10-year
progression-free survival was 90.9% and 86.7%. Early tumor enlargement occurred in 10.9% of cases and was associated
with tumor progression at the last follow-up. The probability of serviceable hearing preservation at 5- and 10-years was
56.8% and 45.2%, respectively. The probability of improvement or preservation of facial nerve function was 95.7% at 5 and
10-years. Adverse radiation effects were noted in 19.9%. New-onset hydrocephalus occurred in 4.0%.

Conclusion Single-session SRS is a safe and effective alternative to surgical resection in selected patients <45 years old
particularly those with medical co-morbidities and those who decline resection. Longer term follow up is warranted.
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Abbreviations VPS  Ventriculoperitoneal shunt

ARE  Adverse radiation effect VS Vestibular schwannoma

CI Confident interval

GR Gardner—Robertson

HB  House-Brackmann Introduction

HR Hazard-Ratio

IRRF International Radiosurgery Research Foundation Vestibular schwannoma (VS) is the most common tumor of
SRS  Stereotactic radiosurgery the cerebellopontine angle [1]. It can be treated by resection

or stereotactic radiosurgery (SRS). The indication depends
mainly on the tumor size, and SRS is often reserved for
small and medium-sized tumor. Koos grade IV, i.e. tumor
compressing the brainstem [2] are usually considered for
surgery [3]. However, the management of patients with
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medical contraindications to or those who refuse surgery
remains controversial. Literature reporting outcomes of SRS
for Koos grade IV VS are limited mostly to single center
series [4-7]. Recently, a multi-institutional, retrospective
study was published showing good tumor control and facial
nerve preservation, increasing the evidence for the effective-
ness of SRS as an alternative to surgery in these cases [8].

Resection is frequently recommended to younger patients
with Koos grade IV vestibular schwannomas. These patients
often lack the medical contraindications that elderly patients
with vestibular schwannoma patients harbor. However, the
risks of mortality with microsurgery for larger VS vary from
0.4 to 2.1% [9-13] and long-term tumor control are between
83 and 96.5% [12, 14-16], mainly dependent of the extent of
resection [17]. SRS is a definitive treatment in many elderly
patients with VS’s. The aim of this retrospective multicenter
study was to evaluate the outcomes of single-session SRS for
Koos grade IV VS in patients under 45 years old.

Materials and methods
Patient population and inclusion criteria

This study included patients <45 years old managed with a
single-session SRS for a grade IV VS. It involved patients
from ten participating centers through the International
Radiosurgery Research Foundation [18]. Each center
obtained review board approval for the study and for shar-
ing the database.

The inclusion criteria were (1) Single-session SRS for
Koos Grade IV VS, (2) at least 12 months of clinical and
radiological follow-up, (3) age <45 years at treatment.
Exclusion criteria were (1) history of prior resection, (2)
history of neurofibromatosis, (3) presentation with life-
threatening symptoms (i.e., acute hydrocephalus) or inca-
pacitating symptoms (debilitating ataxia, refractory trigemi-
nal neuralgia, incapacitating headaches). Following SRS,
patients typically undergo clinical and brain MRI follow-ups
every 6—12 months for the first 2 years and yearly thereafter.

The following clinical data were collected: patient age at
SRS, performance status at diagnosis, SRS, and last follow-
up, date of VS diagnosis and vestibulocochlear, trigeminal
and facial nerve function at SRS and at last follow-up. Hear-
ing was classified using the Gardner—Robertson (GR) hear-
ing scale [19] and facial nerve functional status using the
House-Brackmann classification [20].

The following SRS parameters were collected: tumor vol-
ume, margin dose, isodose line, number of isocenters, pre-
scription volume, maximum treatment dose and maximum
dose to the cochlea.

Follow-up data collected included tumor control rate,
hearing, facial and trigeminal nerves outcome, occurrence of
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post-SRS hydrocephalus, overall survival, and any salvage
therapy following SRS.

Adverse-radiation effects (ARE) included post-SRS T2
hyperintensities documented on images, cysts, and radiation
necrosis. Local failure was defined as VS volume increase
of >20% from baseline at the last follow-up. Early VS
expansion was defined as an increase in VS volume within
the 36 months of treatment followed by tumor stability or
regression. VS stability was defined as tumor volume within
20% from baseline at last radiological follow-up and VS
regression as a decrease in tumor volume of >20% from
baseline.

SRS technique and treatment parameters

Single-session SRS was delivered using the Gamma Knife
technology available at each center. The targeting used Ste-
reotactic, high-resolution brain MRI and/or CT scanning. A
dose plan was performed by the local multidisciplinary team
to deliver an effective radiation dose to the target tumor. The
median prescription dose used was 12 Gy (IQR 0.5) at a
median isodose line of 50% (IQR 0; Table 1).

Statistical analysis

Statistical analysis were performed using R (R foundation
of Statistical computing) [21]. A p-value <0.05 was con-
sidered statistically significant. Kaplan—-Meier analysis was
performed to evaluate time-dependent tumor-control, hear-
ing preservation and facial nerve preservation. Univariate
and multivariate analysis were performed for outcome using
Cox-regression analysis. Statistically significant factors and
clinically relevant one with a p-value less than 0.20 were
included in the multivariate analysis.

Results
Patient and tumor characteristics

176 patients [89 males (50.6%), median age 36.0 (IQR 9)
years old]. Data on the indication of SRS were available
for 146 patients; 3 (2.1%) patients were unfit to resection
and 143 (97.9%) patients refused resection (Table 1). Three
(1.7%) patients presented with hydrocephalus and underwent
ventriculo-peritoneal shunt (VPS) insertion prior to SRS.
The median tumor volume was 9.3 (IQR 4.7) cm?>.

Clinical and radiological outcomes
Radiological outcome data were available for 175 patients.

At a median follow-up period of 37.5 (IQR 53.5) months,
tumor stability and regression were noted in 38.9% (68/175)
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Table 1 Characteristics of 176 young patients treated for Koos grade
IV vestibular schwannoma

Variable Value
Median age at SRS in years (IQR) 36.0 (9)
Gender, n (%)
Male 89 (50.6)
Female 87 (49.4)
Symptoms at SRS, n (%)
None 5(2.8)
Facial palsy 16 (9.1)
Hemifacial spasm 1(0.6)
Hearing deterioration 115 (65.3)
Tinnitus 104 (59.1)
Vertigo 22 (12.5)
Trigeminal nerve dysfunction 60 (34.1)
Gait disorder 23 (13.1)
Hydrocephalus 3(1.7)
Visual distrubance 3(1.7)
Hemiparesis 0
Sensory loss 4(2.3)
Median tumor volume in cm? (IQR) 9.3 4.7)
Median prescription dose in Gy (IQR) 12 (0.5)
Median isodose line in % (IQR) 50 (0)
Median cochlea dose in Gy (IQR) 4524
Median clinical FU in month (IQR) 33(29.3)
Median radiological FU in month (IQR) 37.5(53.5)

n number, SRS stereotactic radiosurgery, /QR inter-quartile range, FU
follow-up

Table 2 Tumor radiological outcomes for 175 young patients treated
for Koos grade IV vestibular schwannoma

Outcome Value
Regression, no. of patients (%) 95 (54.3)
Stable, no. of patients (%) 68 (38.9)
Progression, no. of patients (%) 12 (6.9)

Tumor control rate [CI 95%]
5 years 90.9 [85.5-96.6]

10 years 86.7 [79.3-94.8]

n number, CI 95% 95% confident interval

and 54.3% (95/175) patients, respectively. Tumor progres-
sion was noted in 6.9% (12/175) patients. Of these with pro-
gression, eight underwent VS resection, one VPS insertion,
and three were managed conservatively.

Early tumor enlargement occurred in 10.9% of the
patients (19/175) necessitating VPS insertion in two and VS
resection in five patients. The 12 remaining patients were
treated medically typically with a short course of steroids
(Table 2).

The probability of 5-year and 10-year progression free
survival was 90.9 [CI 95% 85.5-96.6] and 86.7 [CI 95%
79.3-94.8], respectively (Fig. 1a). On multivariate analysis,
early tumor enlargement was associated with tumor progres-
sion at the last follow-up (p=0.00002, HR 19.6 [CI 95%
5.1-75.8]. Neither margin dose nor tumor volume were asso-
ciated with tumor progression (Suppl. Table 1).

Cranial nerve outcomes

Median neurological follow-up was 33 (IQR 29.3) months
and was available for 176 patients.

Vestibulocochlear outcomes

Serviceable hearing (i.e., GR classes 1 and 2) was present in
51.7% (91/176) patients at SRS and in 33.0% (58/176) at the
last follow-up (Table 3). The serviceable hearing preserva-
tion rates at the 3-, 5-, and 10-year follow-up were 70.4%
[CI195% 60.6-81.8], 56.8% [CI 95% 45.6-70.8], and 45.2%
[CI195% 32.9-62.2] respectively (Fig. 1b, c).

Dose to cochlea was only available in 48 patients with
serviceable hearing at SRS. The 48 patients were included
in a multivariate analysis. Female sex was associated with
serviceable hearing at last follow-up (p=0.0124, HR 5.0 [CI
95% 1.4-17.8]) (Suppl. Table 2).

Facial and trigeminal nerves outcomes

Facial nerve neuropathy (i.e., HB grade > 1) was present in
8.5% (15/176) prior to SRS and in 7.4% (13/176) at last
follow-up. At a median clinical follow-up of 33 [IQR 29.3]
months, the facial nerve function was improved in 6.3%
(11/176), stable in 90.9% (160/176) and worse in 2.8%
(5/176) (Table 4). The 3-, 5-, 10-year of post-SRS facial
nerve function improvement or preservation was 98.7% [CI
95% 97.0-1], 95.7% [CI 95% 91.2-1], and 95.7% [CI 95%
91.2-1] respectively (Fig. 1d). A margin dose > 13 Gy was
associated with facial nerve deterioration at last follow-up in
univariate but not in multivariate analysis (Suppl. Table 3).

Trigeminal neuropathy was present in 34.1% of patient
in pre-SRS (60/176) and consisted in trigeminal neuralgia
in 10, numbness in 44 and both for 6. At last follow-up,
the trigeminal nerve status was improved, stable, and wors-
ened in 14.8% (26/176), 80.1% (141/176), and 5.1% (9/176),
respectively (Table 4.)

Adverse radiation effect was associated with deterioration
of trigeminal nerve status at last follow-up in Cox multivari-
ate analysis (p=0.03, HR 5.2 [CI 95% 1.2-22.3]. (Suppl.
Table 4).
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Fig.1 Kaplan—Meier plots for tumor control rate (a), probability of
serviceable hearing loss at last follow-up between patients with pre-
SRS GR class I and II (b), probability of serviceable hearing loss at

Table 3 Vestibulocochlear nerve function pre-SRS and at the last fol-
low-up for 176 young patients

Service-  Pre-SRS  Post-SRS  GRclass Pre-SRS  Post-SRS

able

hearing

Yes 91 (51.7) 58(33.0) 1 54 (30.7) 33 (18.8)
2 37 (21.0) 25(14.2)

No 85(48.3) 118 (67.0) 3 35(19.9) 38 (21.6)
4 16 (9.1) 24 (13.6)
5 34(19.3) 56 (31.8)

Data are expressed as number (percentages)

SRS stereotactic radiosurgery, GR Gardner—Robertson scale

Complications
ARE was noted in 19.9% (35/176) of the patients and

included cyst formation in 9 patients, brainstem hyperin-
tensities in 17 patients, and symptomatic enlargement in

@ Springer

last follow-up between patients with cochlea dose <4 Gy or>4 Gy
(c), probability of facial palsy between patients treated with>13 Gy
and < 13 Gy (d)

9. Two of the patients with cyst formation were managed
with resection of VS, the other managed conservatively.
Among patients with brainstem hyperintensities, one
patient was treated with surgical resection and the other
medically. Seven of them were managed with resection of
VS, 14 with usually short course of steroid therapy, and 14
with conservative management. Among the patients with
symptomatic enlargement, four received surgical resec-
tion of VS and the other medically. Medical management
include typically short course of steroids. In multivariate
analysis, occurrence of ARE was inversely correlated to a
margin dose > 11 Gy (p=0.02, HR 0.4 [CI 95% 0.2-0.9])
(Suppl. Table 5).

New-onset hydrocephalus after SRS occurred in 4.0%
(7/176) of the patients, and it was managed with VPS in
71.4% (5/7). A tumor volume at SRS > 10 cm® was asso-
ciated with the occurrence of new hydrocephalus in mul-
tivariate analysis (p=0.01, HR 24.06 [CI 95% 2.4-240.4]
(Suppl. Table 6). No procedure or tumor-related mortality
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Table 4 Cranial nerve status pre-SRS and at last follow-up for 176
young patients

Pre-SRS Post-SRS
Trigeminal neuropathy
No 116 (65.9) 135 (76.7)
Yes 60 (34.1) 41 (23.3)
Pain 10 (5.7) 17 (9.7)
Sensation loss 44 (25.0) 24 (13.6)

Both 6(3.4) 0
Trigeminal nerve function

Improved 26 (14.8)

Stable 141 (80.1)

Deteriorated 9(5.1)
Facial nerve function at the last follow-up

Improved 11(6.3)

Stable 160 (90.9)

Deteriorated 5(2.8)
House-Brackmann scale

I 161 (91.5) 163 (92.6)

I 5(2.8) 6(3.4)

I 7 (4.0) 7 (4.0)

v 2(1.1) 0

\Y% 0 0

VI 1 (0.6) 0

Data are expressed as number (percentages)

SRS stereotactic radiosurgery

occurred during the follow-up. No malignant transformation
was observed in this study.

Discussion

Single-session SRS appears to be a safe and effective option
in selected young patients with Koos grade IV VS. In this
analysis of 176 patients, at a median follow-up of 37.5 (IQR
53.5) months, tumor control was 93.2%. The actuarial tumor
control at 5- and 10-years was 90.9% and 86.7%, respectively
in accordance to previously reported tumor control rates
ranging from 88 to 97.9% [4, 22-24]. Early tumor expansion
is the sole risk factor of tumor progression, p<0.0001, HR
19.6 [CI 95% 5.1-75.8]. In contrast to the study by Ogino
et al. [4], the margin dose in this report was not identified
as a risk factor for tumor progression. A recent study from
Kawashima et al., shows a tumor control at 5 and 10 years
of 90.2% and 85.4% in 49 young patients with primary or
secondary SRS. Age was not a risk factor for tumor control
in their series in multivariate analysis [25].

Early VS expansion, within 36 months of SRS, occurred
in 10.9% of patients. Of these, 2.3% underwent VS resection
and 1.2% VPS insertion. VS expansion occurs in 6-74% of

patients after SRS for VS [26, 27]. In small VS, this growth
is mostly followed by stability or regression during follow-
up and is considered benign in most cases [28]. However,
early, post-SRS tumor expansion in Koos grade IV patients
may result in symptomatic brainstem compression and
hydrocephalus requiring surgical intervention, especially
in young patient. Symptomatic enlargement was noted in
5.1% of the patients, and resection of the VS was performed
in 3.4%. We excluded the patient with a follow-up of less
than 12 months, some of them could have early VS expan-
sion with VS resection that are not captured in this study.
Patient must be informed about the increased risk of neuro-
logic deterioration due to tumor expansion, and, in case of
tumor enlargement, rigorous follow-up should be instituted
to promptly identify and manage life threatening signs and
symptoms. Moreover, some centers have reported surgery
can be more difficult after SRS than in naive-patient [29]
and functional sparing surgery must be discussed in these
cases [30, 31].

Serviceable hearing (i.e., GR classes 1 and 2) was present
in 51.7% of cases at SRS and in 33.0% at the last follow-
up. The actuarial serviceable hearing preservation rates at
3-, 5-, 10-years follow-up were 70.4%, 56.8%, and 45.2%,
respectively. Serviceable hearing preservation after SRS in
large VS was reported between 0 and 82% [4-7, 23, 24,
32-34] and is similar to the young cohort recently pub-
lished [25]. Pre-SRS GR class I [4, 35, 36], central cochlear
dose < 4.2 Gy [36], mean cochlear dose <6 Gy [35], and
age < 60 years old were factors associated with hearing pres-
ervation [4]. In our study, female gender was the only factor
to be associated with serviceable hearing at last follow-up
in multivariate analysis.

Post-SRS facial nerve neuropathy was described between
0 and 4% in recent series for large vestibular schwannoma
[4-7, 23]. In the present study, worsening of facial nerve
function was reported in 2.8% of the patients at last follow-
up. Post-SRS improvement or preservation of facial nerve
function at 3-, 5-, and 10-years was 98.7%, 95.7%, and
95.7% respectively.

Trigeminal neuropathy defined as new-onset of facial pain
and /or sensory loss after SRS for large VS was reported
with a rate of 0-15% [4-7, 23, 24, 32, 33]. In the present
study, 5.1% of patients had worsening of trigeminal neu-
ropathy (trigeminal neuralgia, sensation loss or both) and
14.8% has improved symptoms. Adverse radiation effect was
associated with worsening trigeminal neuropathy in multi-
variate analysis, p=0.03, HR 5.2 [C1 95% 1.2-22.3]. In the
all cohort analysis, age was not associated with facial or
trigeminal neuropathy [18]. This is confirmed in the series
of Kawashima et al. [25]

New-onset hydrocephalus after treatment was found in
4.0% of the young patients. Literature for large VS shows
a rate between 1 and 19% [4, 6, 7, 23, 24, 34]. Kawashima
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et al., found no impact of an age <40 years old on the occur-
rence of hydrocephalus compared to older patient [25].

No radiation induced malignancy or mortality was found
in this cohort of young patient, which is concordant with
literature data showing a low complication rate for benign
tumors [37, 38]. Further follow-up is needed as the median
radiological follow-up was 37.5 (IQR 53.5) months in this
series and the long-term survival of this young population.

Limitations

Due to the retrospective nature of the study, bias cannot be
exclude concerning patient selection and evaluation. No
centralized imaging data evaluation and follow-up were
performed. Some radiological features as the presence of a
cystic component were not captured. However, the conse-
quences of a cystic tumor is not clearly understood and some
recent studies shows good outcomes with SRS in these cases
[39—41]. It is not clear how this can influence the results pre-
sented here. The case selection among the Koos grade IV is
not captured, except for the inclusion of non-life threatening
or debilitating symptoms prior to procedure. There was no
comparison to the gold-standard treatment, surgical resec-
tion, which would be particularly interesting for this young
age group. Moreover, the median follow-up was approxi-
mately 3 years which is insufficient to evaluate long-term
control rate or radiation induced malignancy. Data about
the outcome of some specific symptoms: gait disturbance,
tinnitus and their impact on quality-of-life were not capture
with enough precision to allow analysis. In the same way,
dose and duration of steroid management were not captured.
Complications due to steroid management were not specifi-
cally screened and should be an important point to evaluate
in a future study.

Importance of the study

SRS can be a safe and valuable alternative to surgery for
Koos Grade IV VS in selected patients younger than 45 years
old. Further studies are warranted to best characterize clini-
cal presentation and tumor imaging characteristics of VS
that are more suitable for SRS.

Conclusion

SRS is a reasonable option with high-rate tumor control for
selected Koos grade IV VS in a young population. Early
tumor expansion may lead neurologic deterioration requir-
ing surgical intervention. Further study to evaluate long-
term outcomes and specific imaging features for selection
of patient suitable for radiosurgery are warranted. Risk of
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radiation induced expansion must be explained to the patient
prior to treatment as it can lead to resection.
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tary material available at https://doi.org/10.1007/s11060-022-04134-0.

Acknowledgements Dumot gratefully acknowledges receipt of a grant
for mobility from the Hospices civils de Lyon, France, from the Institut
Servier, France, from the Societe francaise of Neurochirurgie (SFNC),
France and for the Fondation Planiol, France.

Author contributions JPS,SP, DTC: conception and design, SP, GM,
RKA, AMN, DS, KS, WAR, SRT, KAK, MNEI-S, RMEE, SP, YS,
TK-E, HS, WH, JI, MT, RM, BEZ, LCD, NMM, RMA, AML, DM,
CPD, VRS, CPC, DAI ZW, AN, GHB, LDL, GNB: acquisition of
data: CD, GM: analysis and interpretation of data, CD, SP: drafting the
article, JPS, SP, GM, KAK, DM, VRS, DAI, LDL.: critically revising
the article, all authors: reviewed submitted version of manuscript, CD:
statistical analysis, JPS: study supervision.

Funding The authors declare that no funds, grants, or other support
were received during the preparation of this manuscript.

Declarations

Conflict of interest L. D. Lunsford is a shareholder in Elekta AB, the
manufacturer of some radiosurgical devices; a consultant for Teledoc
Inc.; and a chair for Insightec’s data safety monitoring board. C. P.
Cifarelli has received speaking honoria from Carl Zeiss. Zacharia is a
consultant for Medtronic Inc. and a member of the speaker’s bureau of
NICO Corp., and has ownership in Decentramed LLC.

References

1. Kshettry VR, Hsieh JK, Ostrom QT et al (2015) Incidence of ves-
tibular schwannomas in the United States. J Neurooncol 124:223—
228. https://doi.org/10.1007/s11060-015-1827-9

2. Koos WT (1988) Criteria for preservation of vestibulocochlear
nerve function during microsurgical removal of acoustic neuri-
nomas. Acta Neurochir (Wien) 92:55-66. https://doi.org/10.1007/
BF01401974

3. Goldbrunner R, Weller M, Regis J et al (2020) EANO guideline
on the diagnosis and treatment of vestibular schwannoma. Neuro-
Oncology 22:31-45. https://doi.org/10.1093/neuonc/noz153

4. Ogino A, Lunsford LD, Long H et al (2021) Stereotactic radio-
surgery as the primary management for patients with Koos grade
IV vestibular schwannomas. J Neurosurg. https://doi.org/10.3171/
2020.8.JNS201832

5. Torio-Morin C, AlSubaie F, Mathieu D (2016) Safety and efficacy
of Gamma Knife radiosurgery for the management of Koos grade
4 vestibular schwannomas. Neurosurgery 78:521-530. https://doi.
org/10.1227/NEU.0000000000001154

6. Lefranc M, Da Roz LM, Balossier A et al (2018) Place of Gamma
Knife stereotactic radiosurgery in grade 4 vestibular schwannoma
based on case series of 86 patients with long-term follow-up.
World Neurosurg 114:e1192—-e1198. https://doi.org/10.1016/j.
wneu.2018.03.175

7. Hasegawa T, Kato T, Naito T et al (2021) Predictors of long-term
tumor control after stereotactic radiosurgery for Koos grade 4
vestibular schwannomas. J Neurooncol 151:145-156. https://doi.
org/10.1007/s11060-020-03622-5


https://doi.org/10.1007/s11060-022-04134-0
https://doi.org/10.1007/s11060-015-1827-9
https://doi.org/10.1007/BF01401974
https://doi.org/10.1007/BF01401974
https://doi.org/10.1093/neuonc/noz153
https://doi.org/10.3171/2020.8.JNS201832
https://doi.org/10.3171/2020.8.JNS201832
https://doi.org/10.1227/NEU.0000000000001154
https://doi.org/10.1227/NEU.0000000000001154
https://doi.org/10.1016/j.wneu.2018.03.175
https://doi.org/10.1016/j.wneu.2018.03.175
https://doi.org/10.1007/s11060-020-03622-5
https://doi.org/10.1007/s11060-020-03622-5

Journal of Neuro-Oncology (2022) 160:201-208

207

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Pikis S, Mantziaris G, Rithika KA et al (2022) Stereotactic
radiosurgery for Koos grade IV vestibular schwannoma: a multi-
institutional study. J Neurosurg. https://doi.org/10.3171/2022.4.
JNS22203

Boublata L, Belahreche M, Ouchtati R et al (2017) Facial nerve
function and quality of resection in large and giant vestibular
schwannomas surgery operated by retrosigmoid transmeatal
approach in semi-sitting position with intraoperative facial
nerve monitoring. World Neurosurg 103:231-240. https://doi.
org/10.1016/j.wneu.2017.02.053

Gormley WB, Sekhar LN, Wright DC et al (1997) Acoustic neu-
romas: results of current surgical management. Neurosurgery
41:50-60. https://doi.org/10.1097/00006123-199707000-00012
Di Maio S, Malebranche AD, Westerberg B, Akagami R (2011)
Hearing preservation after microsurgical resection of large ves-
tibular schwannomas. Neurosurgery 68:632—-640. https://doi.
org/10.1227/NEU.0b013e31820777b1

Zhang S, Liu W, Hui X, You C (2016) Surgical treatment of
giant vestibular schwannomas: facial nerve outcome and tumor
control. World Neurosurg 94:137-144. https://doi.org/10.1016/j.
wneu.2016.06.119

Breun M, Nickl R, Perez J et al (2019) Vestibular schwannoma
resection in a consecutive series of 502 cases via the retrosig-
moid approach: technical aspects, complications, and functional
outcome. World Neurosurg 129:e114—-e127. https://doi.org/10.
1016/j.wneu.2019.05.056

Troude L, Boucekine M, Montava M et al (2019) Predictive fac-
tors of early postoperative and long-term facial nerve function
after large vestibular schwannoma surgery. World Neurosurg
127:6599-e608. https://doi.org/10.1016/j.wneu.2019.03.218
Nakatomi H, Jacob JT, Carlson ML et al (2017) Long-term risk
of recurrence and regrowth after gross-total and subtotal resec-
tion of sporadic vestibular schwannoma. J Neurosurg. https://
doi.org/10.3171/2016.11.JNS16498

Zhang Z, Wang Z, Huang Q et al (2012) Removal of large or
giant sporadic vestibular schwannomas via translabyrinthine
approach: a report of 115 cases. ORL J Oto-Rhino-Laryngol
Relat Spec 74:271-277. https://doi.org/10.1159/000343791
Starnoni D, Giammattei L, Cossu G et al (2020) Surgical man-
agement for large vestibular schwannomas: a systematic review,
meta-analysis, and consensus statement on behalf of the EANS
skull base section. Acta Neurochir (Wien) 162:2595-2617.
https://doi.org/10.1007/s00701-020-04491-7

Pikkis S et al (2022) Stereotactic radiosurgery for Koos grade
IV vestibular schwannoma: a multi-institutional study. J Neu-
rosurg 1:1-8

Gardner G, Robertson JH (1988) Hearing preservation in uni-
lateral acoustic neuroma surgery. Ann Otol Rhinol Laryngol
97:55-66. https://doi.org/10.1177/000348948809700110
House JW, Brackmann DE (1985) Facial nerve grading system.
Otolaryngol-Head Neck Surg 93:146-147. https://doi.org/10.
1177/019459988509300202

R Core Team. R: a language and environment for statistical
computing. R Foundation for Statistical Computing. http://
www.R-project.org/

Tsao MN, Sahgal A, Xu W et al (2017) Stereotactic radiosurgery
for vestibular schwannoma: International Stereotactic Radiosur-
gery Society (ISRS) Practice Guideline. J Radiosurgery SBRT
5:5-24

van de Langenberg R, Hanssens PEJ, Verheul JB et al (2011)
Management of large vestibular schwannoma. Part II. Primary
Gamma Knife surgery: radiological and clinical aspects. J Neu-
rosurg 115:885-893. https://doi.org/10.3171/2011.6.JNS101963
Bailo M, Boari N, Franzin A et al (2016) Gamma knife radio-
surgery as primary treatment for large vestibular schwannomas:
clinical results at long-term follow-up in a series of 59 patients.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

World Neurosurg 95:487-501. https://doi.org/10.1016/j.wneu.
2016.07.117

Kawashima M, Hasegawa H, Shin M et al (2021) Outcomes
of stereotactic radiosurgery in young adults with vestibular
schwannomas. J Neurooncol 154:93-100. https://doi.org/10.
1007/s11060-021-03803-w

Lunsford LD, Niranjan A, Flickinger JC et al (2005) Radiosur-
gery of vestibular schwannomas: summary of experience in 829
cases. J Neurosurg 102:195-199

Nagano O, Serizawa T, Higuchi Y et al (2010) Tumor shrinkage
of vestibular schwannomas after Gamma Knife surgery: results
after more than 5 years of follow-up. J Neurosurg 113:122-127
Delsanti C, Roche P-H, Thomassin J-M, Régis J (2008) Morpho-
logical changes of vestibular schwannomas after radiosurgical
treatment: pitfalls and diagnosis of failure. Prog Neurol Surg
21:93-97. https://doi.org/10.1159/000156712

Gerganov VM, Giordano M, Samii A, Samii M (2012) Surgical
treatment of patients with vestibular schwannomas after failed
previous radiosurgery. J Neurosurg 116:713-720. https://doi.
org/10.3171/2011.12.JNS111682

Troude L, Boucekine M, Balossier A et al (2022) Is salvage sur-
gery for large vestibular schwannomas after failed gamma knife
radiosurgery more challenging? Neurosurg Rev 45:751-761.
https://doi.org/10.1007/s10143-021-01604-3

Friedman RA, Berliner KI, Bassim M et al (2011) A paradigm
shift in salvage surgery for radiated vestibular schwannoma.
Otol Neurotol 32:1322-1328. https://doi.org/10.1097/MAO.
0b013e31822e5b76

Watanabe S, Yamamoto M, Kawabe T et al (2019) Long-
term follow-up results of stereotactic radiosurgery for ves-
tibular schwannomas larger than 8 cc. Acta Neurochir (Wien)
161:1457-1465. https://doi.org/10.1007/s00701-019-03951-z
Huang C-W, Tu H-T, Chuang C-Y et al (2018) Gamma Knife
radiosurgery for large vestibular schwannomas greater than 3
cm in diameter. ] Neurosurg 128:1380-1387. https://doi.org/10.
3171/2016.12.JNS161530

Yang H-C, Kano H, Awan NR et al (2011) Gamma Knife radio-
surgery for larger-volume vestibular schwannomas clinical arti-
cle. J Neurosurg 114:801-807. https://doi.org/10.3171/2010.8.
INS10674

Hasegawa T, Kida Y, Kato T et al (2011) Factors associated with
hearing preservation after Gamma Knife surgery for vestibular
schwannomas in patients who retain serviceable hearing. J Neu-
rosurg 115:1078-1086. https://doi.org/10.3171/2011.7.JNS11
749

Kano H, Kondziolka D, Khan A et al (2009) Predictors of hear-
ing preservation after stereotactic radiosurgery for acoustic neu-
roma. J Neurosurg 111:863-873. https://doi.org/10.3171/2008.
12.JNS08611

Wolf A, Naylor K, Tam M et al (2019) Risk of radiation-asso-
ciated intracranial malignancy after stereotactic radiosurgery: a
retrospective, multicentre, cohort study. Lancet Oncol 20:159—
164. https://doi.org/10.1016/S1470-2045(18)30659-4
Bunevicius A, Pikis S, Schlesinger D, Sheehan J (2021) Edi-
torial: radiosurgical induced malignancy associated with ste-
reotactic radiosurgery. Acta Neurochir (Wien) 163:969-970.
https://doi.org/10.1007/s00701-020-04667-1

Frisch CD, Jacob JT, Carlson ML et al (2017) Stereotactic
radiosurgery for cystic vestibular schwannomas. Neurosurgery
80:112-118. https://doi.org/10.1227/NEU.0000000000001376
Ding K, Ng E, Romiyo P et al (2020) Meta-analysis of tumor
control rates in patients undergoing stereotactic radiosurgery
for cystic vestibular schwannomas. Clin Neurol Neurosurg
188:105571. https://doi.org/10.1016/j.clineuro.2019.105571

@ Springer


https://doi.org/10.3171/2022.4.JNS22203
https://doi.org/10.3171/2022.4.JNS22203
https://doi.org/10.1016/j.wneu.2017.02.053
https://doi.org/10.1016/j.wneu.2017.02.053
https://doi.org/10.1097/00006123-199707000-00012
https://doi.org/10.1227/NEU.0b013e31820777b1
https://doi.org/10.1227/NEU.0b013e31820777b1
https://doi.org/10.1016/j.wneu.2016.06.119
https://doi.org/10.1016/j.wneu.2016.06.119
https://doi.org/10.1016/j.wneu.2019.05.056
https://doi.org/10.1016/j.wneu.2019.05.056
https://doi.org/10.1016/j.wneu.2019.03.218
https://doi.org/10.3171/2016.11.JNS16498
https://doi.org/10.3171/2016.11.JNS16498
https://doi.org/10.1159/000343791
https://doi.org/10.1007/s00701-020-04491-7
https://doi.org/10.1177/000348948809700110
https://doi.org/10.1177/019459988509300202
https://doi.org/10.1177/019459988509300202
http://www.R-project.org/
http://www.R-project.org/
https://doi.org/10.3171/2011.6.JNS101963
https://doi.org/10.1016/j.wneu.2016.07.117
https://doi.org/10.1016/j.wneu.2016.07.117
https://doi.org/10.1007/s11060-021-03803-w
https://doi.org/10.1007/s11060-021-03803-w
https://doi.org/10.1159/000156712
https://doi.org/10.3171/2011.12.JNS111682
https://doi.org/10.3171/2011.12.JNS111682
https://doi.org/10.1007/s10143-021-01604-3
https://doi.org/10.1097/MAO.0b013e31822e5b76
https://doi.org/10.1097/MAO.0b013e31822e5b76
https://doi.org/10.1007/s00701-019-03951-z
https://doi.org/10.3171/2016.12.JNS161530
https://doi.org/10.3171/2016.12.JNS161530
https://doi.org/10.3171/2010.8.JNS10674
https://doi.org/10.3171/2010.8.JNS10674
https://doi.org/10.3171/2011.7.JNS11749
https://doi.org/10.3171/2011.7.JNS11749
https://doi.org/10.3171/2008.12.JNS08611
https://doi.org/10.3171/2008.12.JNS08611
https://doi.org/10.1016/S1470-2045(18)30659-4
https://doi.org/10.1007/s00701-020-04667-1
https://doi.org/10.1227/NEU.0000000000001376
https://doi.org/10.1016/j.clineuro.2019.105571

208

Journal of Neuro-Oncology (2022) 160:201-208

41. Bowden G, Cavaleri J, Monaco E et al (2017) Cystic vestibu-
lar schwannomas respond best to radiosurgery. Neurosurgery
81:490-497. https://doi.org/10.1093/neuros/nyx027

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Authors and Affiliations

Springer Nature or its licensor holds exclusive rights to this article under
a publishing agreement with the author(s) or other rightsholder(s);
author self-archiving of the accepted manuscript version of this article
is solely governed by the terms of such publishing agreement and
applicable law.

Chloe Dumot'? - Stylianos Pikis' - Georgios Mantziaris' - Zhiyuan Xu' - Rithika Kormath Anand’ -

Ahmed M. Nabeel>* - Darrah Sheehan' - Kimball Sheehan' - Wael A. Reda>* - Sameh R. Tawadros>* -

Khaled Abdel Karim®® . Amr M. N. EI-Shehaby?® - Reem M. Emad Eldin®’ - Selcuk Peker® - Yavuz Samanci® -

Tehila Kaisman-Elbaz® - Herwin Speckter'® - Wenceslao Hernandez'? - Julio Isidor'® - Manjul Tripathi'” -

Renu Madan'2 - Brad E. Zacharia'® - Lekhaj C. Daggubati'® - Nuria Martinez Moreno'* - Roberto Martinez Alvarez'* -
Anne-Marie Langlois'” - David Mathieu'® - Christopher P. Deibert'® - Vivek R. Sudhakar'’ -

Christopher P. Cifarelli'’"'® . Denisse Arteaga Icaza'’ - Daniel T. Cifarelli'’ - Zhishuo Wei'® - Ajay Niranjan'® -

Gene H. Barnett® - L. Dade Lunsford'® - Greg N. Bowden?’ - Jason P. Sheehan'

Department of Neurological Surgery, University of Virginia
Health System, Charlottesville, VA, USA

Department of Neurological Surgery, Hospices civils de
Lyon, Lyon, France

Gamma Knife Center Cairo, Nasser Institute Cairo, Cairo,
Egypt

Neurosurgery Department, Faculty of Medecine, Benha
University, Qalubya, Egypt

Department of Neurosurgery, Faculty of Medecine, Ain
Shams University, Cairo, Egypt

Department of Clinical Oncology, Faculty of Medecine, Ain
Shams University, Cairo, Egypt

Radiation Oncology Department, National Cancer Institute,
Cairo University, Cairo, Egypt

Department of Neurosurgery, Koc University School
of Medicine, Istanbul, Turkey

Rose Ella Burkhardt Brain Tumor and Neuro-Oncology
Center, Neurological Institute, Cleveland Clinic, Cleveland,
OH, USA

Department of Radiology, Dominican Gamma Knife Center
and CEDIMAT, Santo Domingo, Dominican Republic

@ Springer

" Department of Neurosurgery, Postgraduate Institute

of Medical Education and Research, Chandigarh, India

Department of Radiation Therapy, Postgraduate Institute
of Medical Education and Research, Chandigarh, India

Department of Neurosurgery, Penn State Health-Hershey
Medical Center, Hershey, PA, USA

Department of Radiosurgery, Ruber International Hospital,
Madrid, Spain

Division of Neurosurgery, Centre de Recherche du CHUS,
Université de Sherbrooke, Sherbrooke, QC, Canada

Department of Neurological Surgery, Emory University,
Atlanta, Georgia

Department of Neurosurgery, West Virginia University,
Morgantown, WV, USA

Department of Radiation Oncology, West Virginia
University, Morgantown, WV, USA

Department of Neurosurgery, University of Pittsburgh,
Pittsburgh, PA, USA

20 Department of Neurosurgery, University of Alberta,

Edmonton, AB, Canada


https://doi.org/10.1093/neuros/nyx027

	Stereotactic radiosurgery for Koos grade IV vestibular schwannoma in young patients: a multi-institutional study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Patient population and inclusion criteria
	SRS technique and treatment parameters
	Statistical analysis

	Results
	Patient and tumor characteristics
	Clinical and radiological outcomes
	Cranial nerve outcomes
	Vestibulocochlear outcomes
	Facial and trigeminal nerves outcomes

	Complications

	Discussion
	Limitations
	Importance of the study

	Conclusion
	Acknowledgements 
	References




