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Introduction: We aimed to investigate the effects of treatment with microsurgical resection and CyberKnife, on local control 
and functional neurological loss in patients diagnosed as vestibular schwannoma and to choose the best treatment method 
for the benefit of the patient.
Methods: Thirty-one patients were included in the study. Microsurgical resection was performed in 15 (Group 1) patients, 
and CyberKnife treatment was performed in 16 (Group 2) patients. Microsurgical resection with retrosigmoid approach was 
performed as a surgical method for Group 1 patients, accompanied by electrophysiological studies. Stereotaxic radiosurgery 
was performed with CyberKnife in Group 2 patients whom with tumors smaller than 3 cm and risk of additional morbidity. 
All patients were followed up clinically and radiologically.
Results: The mean tumor diameter was 32.7±8.02 mm in Group 1 patients and 17.6±6.1 mm in Group 2 patients. The mean 
follow-up period was 33.8±16.3 months in Group 1 and 16.4±7.5 months in Group 2. The local control success of microsur-
gical resection in vestibular schwannomas was 100%, and the CyberKnife treatment was 93.75%. Good to moderate facial 
nerve function was preserved in 80% of Group 1 patients. In Group 2, the rate of complete preservation of facial nerve func-
tions is 100%. While the rate of complete loss of hearing function was 6.67% in Group 1, no deterioration in hearing function 
was observed in Group 2.
Discussion and Conclusion: Microsurgical resection is inevitable in large-sized vestibular schwannomas due to the mass ef-
fect. The application of surgery accompanied by electrophysiological studies reduces neurological deficits. Functional losses 
may occur even in the presence of electrophysiological studies. In large and giant tumors, applying microsurgical resection 
with electrophysiological studies and providing local control with CyberKnife as an adjuvant treatment in the presence of 
residual tumor are seen as the ideal treatment method.
Keywords: Functional neurosurgery; local control; retrosigmoid approach; vestibular schwannoma

Vestibular schwannoma is the most common tumor of 
the cerebellopontine angle. It is an extra-axial mass 

and when it reaches large dimensions, it can compress the 
brain stem, cerebellum, and fourth ventricle. After diagno-
sis, follow-up, microsurgical resection, or stereotaxic radi-

ation therapy, options are offered according to the tumor 
size and the clinical status of the patient. Stereotactic radi-
ation therapy emerges as a necessity due to neurological 
deficits that may be encountered after microsurgical resec-
tion or other surgical risks of the patient. CyberKnife, which 
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Figure 2. (a) Axial T1W MR images with preoperative contrast, (b) 18 
months later axial T1W MR images with control contrast of a patient 
who underwent stereotaxic radiosurgery with CyberKnife. Tumor size 
appears to be reduced .
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Figure 1. (a) Axial T1W MR with pre-operative contrast, (b) post-op-
erative early period control brain CT, (c) axial T1W MR images with 
post-operative early period contrast are shown in a patient who 
underwent microsurgical resection. The tumor was completely re-
moved.
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has the latest technology among many existing stereotaxic 
radiation therapy tools, is a preferred treatment application 
for both the patient and the physician due to its ease of use 
and wider usage areas.

In this study, we aimed to compare the effects of microsur-
gical resection and CyberKnife treatment on recurrence and 
neurological deficits in cases with vestibular schwannoma 
and to choose the appropriate treatment method for patients.

Materials and Methods 
Thirty-one patients were included in the study. Tumor 
sizes were calculated in three dimensions by performing 
MRI on all patients and were evaluated using the widest 
diameter in the analyses. The intracanalicular part of the 
tumor is included in the maximal transverse diameter. 
For the evaluation of hearing, audiometric tests were 
performed before and after treatment and evaluated ac-
cording to the Gardner-Robertson classification[1]. V, VII, 
and VIII. Nerves were evaluated clinically before and after 
treatment. Trigeminal nerve functions were examined in 
three semiquantitative classifications as normal sensory, 
decreased sensory, and complete sensory loss. Facial 
nerve functions were evaluated according to the House-
Brackmann classification[2].

Microsurgical resection was performed in 15 (Group 1) pa-
tients and CyberKnife treatment was applied in 16 (Group 
2) patients. The patients who were decided to have surgery 
considering tumor size, neurologic, and clinical conditions 
were operated with the standard retrosigmoid approach. 
None of them had previous surgery and all patients under-
went a single surgical intervention (Fig. 1).

Stereotaxic radiosurgery treatment with CyberKnife (SRC) 
was applied for vestibular schwannomas smaller than 3 
cm in diameter. The decision on which patients to apply 
SRC is made by the council, which is attended by neuro-
surgeons, oncologists, radiologists, and otolaryngologists. 
Three of the patients received radiosurgical treatment with 
a single dose of 12 Gy irradiation, and 13 received radiation 
treatment with 3×6 Gy (total 18 Gy) irradiation divided into 
three fractions (Fig. 2).
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Statistical Analysis

Statistical analyzes were made based on the evaluation of 
the obtained data in histographic tables and the symptoms 
were based on the t-test method.

This study was found ethically appropriate according to the 
decision numbered 140 of the Okmeydanı Training and Re-
search Hospital Clinical Research Ethics Committee.

Results
The characteristics of the patients evaluated as two treat-
ment groups are summarized in Table 1. Symptoms in pa-
tients were divided into stageable and visual analog symp-
toms (VAS). Treatment-related stageable complications 
were evaluated as progression of an existing or newly de-
veloped loss of function. For the symptoms evaluated with 
the VAS score, complications were evaluated by taking the 
increase in the complaints of the patients. The symptoms 
were evaluated as pre-operative and post-operative symp-

toms by t-test statistical analysis method and summarized 
in Table 2. Complication rates are summarized in Table 3.

In Group 1 patients, 80% loss of facial nerve function was 
detected, according to any grade of the Gardner-Robertson 
classification. No loss of facial nerve function was observed 
in any of the Group 2 patients. Progressive loss of hearing 
function was detected in 10 (66.67%) patients in Group 
1 and only in one (6.25%) patient in Group 2. In Group 1, 
facial hypoesthesia was detected in 3 patients (20%), pro-
gressive tinnitus in 3 patients (20%), and headache in 2 
patients (13.33%). In Group 2, facial hypoesthesia was de-
tected in 2 patients (12.50%), progressive tinnitus in 6 pa-

Table 1. Population characteristics of patients who received 
microsurgical resection and CyberKnife treatment with the 
diagnosis of vestibular schwannoma

Group 1 Group 2

Number of Patients 15 16
Mean Age (years) 40.5±13.4 56.4±12.7
Male: Female 7:8 10:6
Right: Left (Tumor Side) 7:8 7:9
Tumor Size (mm) 32.7±8.02 17.6±6.1
Single Dose SRC - 3
Fraction SRC - 13
Follow-up Time (months) 33.8±16.3 16.4±7.5

Table 2. Statistical analysis (t-test) of the symptoms of patients diagnosed with vestibular schwannoma according to Group 1 and Group 2, 
according to their pre- and post-operative conditions

Symptoms Group 1 Group 2

Presurgery   Postsurgery  Change  PreSRC  PostSRC Change

n % n % % n % n % %

Hearing Loss 12 80.00 14 93.33 ↑13.33 13  81.25 13  81.25 0.00
Facial Paralysis 0 0.00 12 80.00 ↑80.00 0  0.00 0  0.00 0.00
Tinnitus 8  53.33 3 20.00 ↓33.33 7  43.75 6  37.50 ↓6.25
Imbalance 8  53.33 4 26.67 ↓26.67 6  37.50 4  25.00 ↓12.50
Headache 12  80.00 2 13.33 ↓66.67 8  50.00 9  56.25 ↑6.25
Facial Hypoesthesia 4 26.27 3 20.00 ↓6.67 1  6.25 3  15.75 ↑12.50
Epilepsy 1  6.67 0 0.00 ↓6.67 0  0.00 0  0.00 0.00
Dysphagia 0  0.00 1 6.67 ↑6.67 0  0.00 0  0.00 0.00
Nausea-vomiting 5  33.33 0 0.00 ↓33.33 0  0.00 0  0.00 0.00
Taste Disorder 1 6.67 0 0.00 ↓6.67 0  0.00 0  0.00 0.00

Table 3. Complications detected according to treatment groups in 
patients with vestibular schwannoma

Complications Group 1 Group 2

n % n %

CSF Fistula 2 13.33 0 0.00
Facial Paralysis 12 80.00 0 0.00
Facial Hypoesthesia 3 20.00 2 12.50
Tinnitus 3  20.00 6 37.50
Hearing Loss 10 66.67 1 6.25
Diplopia 0  0.00 0 0.00
Cerebellar Edema 0 0.00 0 0.00
Hydrocephalus 1  6.67 0 0.00
Hematoma 3  20.00 0 0.00
Cerebellar Ataxia 0 0.00 0 0.00
Meningitis 2  13.33 0 0.00
Headache 2  13.33 8 50.00
Nausea-vomiting 1  6.67 0 0.00
Deep Vein Thrombosis 0 0.00 1 6.25
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tients (37.50%) and headache 8 patients (50%). Headache 
became permanent in 2 patients (13.33%) in Group 1, ex-
cept for surgery-related pain. In Group 2, it showed a tran-
sient increase in the early period of treatment in 8 patients 
(50%). In addition, complications such as cerebrospinal 
fluid (CSF) discharge (13.33%), hydrocephalus (6.67%), 
hematoma (20%), and meningitis (13.33%) were observed 
as surgical complications in the Group 1, but none of them 
required additional surgical intervention. In Group 2, heart 
failure and post-treatment deep vein thrombosis were de-
tected in 1 patient (6.25%) with coronary stenting as a mor-
bidity factor.

According to Yaşargil classification, vestibular schwanno-
mas with a diameter of <2 cm are defined as small, tumors 
between 2 and 4 cm as medium, and with a diameter of 
>4 cm as large[3]. In Group 1, the tumor was medium in 
12 (80%) patients and a post-operative 8 mm residue re-
mained in one patient. The other 3 (20%) patients had a 
large tumor size and 2 patients (66.7%) had post-operative 
12 mm and 13 mm residuals. The mean follow-up period 
was 33.8±16.3 months and no recurrence was detected 
within this period. Hence, in vestibular schwannomas, the 
success of microsurgical resection for local control of the 
tumor was 100%.

In Group 2, 1 patient (6.25%) had a small tumor, 12 patients 
(75%) had a medium tumor, and 3 patients (18.75%) had 
a large tumor. During the follow-up period of 16.4±7.5 
months, tumor size regression was detected in 10 patients 
(62.5%), while the tumor was stable in 5 patients (31.25%). 
Tumor progression was detected in only one patient 
(6.25%). The local control success rate of CyberKnife treat-
ment was evaluated as 93.75%.

Discussion
Vestibular schwannomas are the most common tumor of 
the cerebellopontine angle and constitute approximately 
9% of all intracranial tumors[4]. Most of these tumors arise 
from the Obersteiner-Redlich zone, 8–12 mm distal to the 
brainstem, near the porus acousticus. This described zone 
marks the neurilemmal layer at the junction of central and 
peripheral myelin in the superior branch of the vestibular 
nerve. They are often sporadic, benign, and generally slow 
growing tumors, and they can localize bilaterally in patients 
with a rare autosomal dominant disease neurofibromatosis 
Type 2[5]. Patients diagnosed with vestibular schwannoma 
most often apply with complaints of hearing loss, tinnitus, 
imbalance, and headache. The prediagnosis is usually due 
to asymmetric sensorineural hearing loss or other cranial 

nerve deficits proven by audiometry. In the presence of 
these symptoms, computed tomography or magnetic res-
onance imaging, studies are performed. About 80–90% of 
posterior fossa lesions detected in this way are observed as 
vestibular schwannoma[6].

Dr. Harvey Cushing[7] made the diagnosis of vestibular 
schwannoma by seeing the clinical appearance of the cere-
bellopontine corner and the enlargement of the internal 
acoustic canal on the radiograph, and operated on, and 
these tumors were large tumors. Dr. Walter Dandy,[8] on the 
other hand, published the results of operations performed 
with the retrosigmoid suboccipital approach in 1941. In the 
second half of the 20th century, microsurgery and stereo-
taxic radiosurgery were introduced in the treatment of 
vestibular schwannoma. In 1962, Dr. W House[9] applied 
the translabirintine approach with microsurgery to pre-
serve the facial nerve. The birth of auditory evoked poten-
tial in 1970, computed tomography in 1973 and magnetic 
resonance imaging in 1982 formed the cornerstones of the 
process. The aim of vestibular schwannoma surgery to pre-
serve functional hearing and facial nerve reflects advances 
in tumor surgery. The translabyrinthine and the suboccip-
ital (retrosigmoid) approaches can be used for all tumor 
sizes. However, the middle cranial fossa approach is useful 
only for removal of small intracanalicular tumors. The ideal 
approach is chosen based on criteria such as tumor size, 
tumor extension, pre-operative hearing level, and the sur-
geon’s experience. In 1969, Dr. Lars Leksell[10] applied the 
GammaKnife Stereotaxic radiosurgery approach for the 1st 
time in the treatment of vestibular schwannoma. The treat-
ment aims to achieve long-term tumor control and to pre-
serve the function of cranial nerves. Using low prescription 
doses, GK treatment offers high-tumor control with low 
morbidity. As a result of current developments in diagnosis 
and treatment methods, patients with vestibular schwan-
noma can be diagnosed when they are still small. This sit-
uation has focused the main purpose of surgical resection 
on the preservation of hearing. Because vestibular schwan-
noma is rarely a life-threatening diagnosis, the main goal 
of treatment is to achieve local control and preserve organ 
functions. Compared to surgery, modern radiotherapy 
techniques offer a non-invasive treatment option in which 
similar local control rates are achieved, hearing and fifth 
and seventh cranial nerves are better preserved[11]. Treat-
ment methods vary according to the size of the tumor, age, 
general condition of the patient, hearing condition, the 
chance of preservation of the fifth and seventh nerves, the 
growth rate of the tumor, the presence of NF Type 2, the 
adequacy of local control, and the side effects. Bakkouri 
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et al.[12] reported that the average annual growth rate of 
the lesions was 1.2 mm. Current treatment approaches are 
close observing, stereotaxic radiosurgery, fractionated ra-
diotherapy, and microsurgical resection. Microsurgical re-
section options for vestibular schwannomas are retromas-
toid, subtemporal, or translabirintine approaches[13-15]. In 
this study, retrosigmoid intervention was applied to all pa-
tients who underwent microsurgical resection.

According to the literature reviews, near total or wide 
subtotal resection of the tumor positively affects functional 
outcomes together with an acceptable tumor control[16]. 
Surgical morbidities such as hearing loss, facial weakness, 
and vestibular disorders are associated with tumor size. Fa-
cial nerve functions can also be preserved in patients with 
large tumors and adequate hearing can be preserved in 
most patients[17-19]. Intraoperative facial nerve and hear-
ing function monitoring contribute to the surgical out-
come by warning the surgeon of possible damage[18]. In 
this study, electrophysiological studies and neuromonitor-
ing were performed during the operation for all patients 
who underwent microsurgical resection.

Although cranial nerve functions are preserved by neu-
romonitoring in microsurgical resection, it is possible to 
see surgical complications in addition to the complications 
seen in the CyberKnife applied patient group. The most 
common post-operative complications in the retrosig-
moid approach are; CSF leakage, meningitis, facial paresis, 
headache, hearing loss, imbalance, vertigo, tinnitus, cere-
bellar and brainstem injuries, abscess, vascular complica-
tions, and venous air embolism[20]. Persistent headaches 
are a complication following surgery and are more com-
mon in retrosigmoid approaches[21,22].

Stereotaxic radiosurgery (SRC) refers to the application of a 
single dose of high radiation to the radiographically sized le-
sion to reduce damage to the structures around the lesion. 
Application is made with GammaKnife or linear accelerator. 
Cyberknife is a device that has come to the fore among SRC 
options today. Since there is no need to place a stereotaxic 
frame on the patient’s head, it is superior to the conventional 
gammaknife device and LINAC-based systems in terms of 
patient comfort, and it provides the opportunity to achieve 
biologically better treatment responses due to treatment re-
producibility (fractional dosing). There is a CyberKnife device 
that has been serving since 2013 in Okmeydanı Training and 
Research Hospital, and it is also used in the stereotaxic radio-
surgery treatment of vestibular schwannomas[23]. This appli-
cation is suitable for tumors <3 cm in diameter or for patients 
with large tumors who cannot undergo surgical treatment. 

Radiosurgery for solitary vestibular schwannomas appears 
to be the most appropriate choice for those with a cisternal 
diameter of <30 mm[24].

Treatment of large vestibular schwannomas can be 
planned in combination with subtotal resection with neu-
romonitoring and then radiosurgery for the residual. This 
combined approach provides the best local control of the 
tumor as well as the best functional outcome achievable. 
According to the study of Iwai et al.[25] in 2003 on the com-
bined approach for vestibular schwannomas, the preser-
vation rate of the facial nerve is 85.7% and local control 
is excellent. In 2008, Fuentes et al.[26] reported that tumor 
local control was 100% with a combined approach and the 
rate of facial nerve function at the House Brackmann Stage 
1–2 level was 87.5%, while this rate remained 50% in rad-
ical surgery.

In small and medium-sized tumors, local control of the tu-
mor is excellent with CyberKnife treatment and the rate of 
functional loss is significantly lower compared to micro-
surgery. However, microsurgical resection is clinically in-
evitable in large and giant tumors due to the mass effect. 
With surgical decompression, local control of the tumor is 
achieved and the mass effect of the tumor is eliminated. On 
the other hand, when total resection is aimed, microsurgi-
cal resection may result in functional loss even in the pres-
ence of electrophysiological studies. Therefore, in large and 
giant tumors, near-total resection accompanied by electro-
physiological studies and the continuation of local control 
of the residual tumor with CyberKnife as an adjuvant treat-
ment seems to provide the best functional neurological 
outcome for the patient.
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