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ABSTRACT
Objective: Gamma Knife is a stereotactic radiosurgery technique that focuses radiation to a specific target in the brain using 192 or 201 different Co60 sources. Because Gamma Knife is effective and safe treatment, this technique is widely used for acoustic neuroma treatment. In
this study, patients who treated with Gamma Knife for Acoustic neuroma were reviewed and effectiveness and its side effects were assessed.
Methods: Patients treated with Gamma Knife radiosurgery for acoustic neuroma between August 2014 - May 2015 were reviewed retrospectively. Magnetic resonance (MR) of brain before and after the Gamma Knife treatment for every 3 months period were assessed.
Also, during that period clinical follow up was reviewed.
Results: During the study period, 18 patients (11 male and 7 female) were treated. Median age was 56 years (38-72). Lesion is on
the left side in 14 patients (78%), there is intracanalicular extension in 15 (83%) and brainstem compression in four (22%) patients.
The median tumor volume before Gamma Knife was 1.94 cm3 (0.25-14 cm3). The median treatment dose was 12.5 Gy (12-13 Gy).
Median follow up time was 4 months (1-8 months). Of these 18 lesions, size of the lesions decreased in three, increased in one and
remained stable in 14 patients. Only one patient (%6) developed hemiparesthesia, which resolved after steroids.
Conclusion: Gamma Knife radiosurgery is an effective and safe treatment for patients with acoustic neuroma.
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Introduction
Acoustic neuroma is a benign tumor that arises from the schwann cells of the vestibular branch of the 8th cranial nerve
(1-3). Although it is histopathologically benign, it can present with severe clinical symptoms and signs when the tumor
compresses the adjacent brainstem and other cranial nerves. Patient’s clinical course, presence of comorbid diseases, and
size of lesion are important factors in deciding on the treatment for acoustic neuroma. Treatment options are no treatment
with imaging follow-up, microsurgery, and stereotactic radiosurgery (4). Microsurgery is the most effective and standard
treatment method in patients with acoustic neuroma. However, serious morbidities such as hearing loss, permanent facial
paralysis, cerebrospinal fluid fistula, and meningitis can be seen after the surgery.
Stereotactic radiosurgery is a method in which a high-dose radiation is applied on a specific target in the brain at a single session. Gamma Knife, which was first used in 1968, is a stereotactic radiosurgery technique that includes 192 or 201 Cobalt-60
sources (5). Gamma Knife provides an effective and safe treatment, particularly in single lesions with a maximum diameter
of 3–3.5 cm. Although the standard treatment method is considered to be microsurgery in patients with acoustic neuroma,
Gamma Knife has become an important treatment option, especially for small and middle-sized lesions owing to its advantages, including its association with low morbidity, applicability as an outpatient treatment, and short recovery time (6). In
this study, patients treated for acoustic neuroma with Gamma Knife in our clinic were retrospectively evaluated.

Methods
Patients’ characteristics: Patients with acoustic neuroma undergoing treatment in the Gamma Knife Unit at Bezmialem
Vakif University between August 2014 and May 2015 were included in the study. The age, sex, complaints, and clinical
findings of the patients, radiosurgical treatment data were retrospectively examined.
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Hearing and facial nerve function: Hearing functions of
the patients were evaluated using the Gardner–Robertson
Hearing classification system, and facial nerve functions were
evaluated through the House–Breckmann Facial Nerve Grading system (7).
Radiological evaluation: Tumor volumes were measured
using GammaPlan software on magnetic resonance (MR)
images taken before and after gamma knife. Using contrastenhanced T1-weighted MR images on GammaPlan, the
contours of lesions were drawn and their volumes were determined.
Stereotactic radiosurgery technique: Gamma knife radiosurgery was performed in patients using Leksell Gamma
Knife Model C (Elekta, Stocholm, Sweden). The treatment
is initiated by placing a Leksell stereotactic head-frame on the
head of the patient under sedation and analgesia application.
Treatment plan is performed using contrast-enhanced axial
and coronal T1-weighted and axial T2-weighted CISS MR
images with 1 cm thickness.
Patient follow-up: After Gamma Knife, patients are clinically
and radiologically followed up at 3, 6, 12, 18, and 24 months.
Hearing test is also performed at each clinical assessment.

Results
Patient characteristics: Between August 2014 and March
2015, 18 patients (11 males and 7 females) diagnosed with
acoustic neuroma were treated with Gamma Knife in our
unit. The median age was 56 years (38–72 years). At admission, the complaints were headache in seven patients (38%),
hearing loss in five patients (27%), dizziness in five patients
(27%), facial numbness in two patients (11%), and unsteady
gait in one patient (5%). Gardner–Robertson hearing and
House–Breckman facial paralysis scores of patients before
gamma knife are presented in Tables 1 and 2, respectively.
Moreover, patients’ demographic information, treatment
data, and results are shown in Table 3.
Radiological evaluation: The lesion was on the left side in
14 patients (78%) and on the right side in 4 patients (22%).
The tumor extended into the internal acoustic canal in 15
patients (83%), and brainstem compression was observed in
4 patients (22%). The median tumor volume was 1.94 cm3
(0.25–14 cm3).
Gamma knife treatment: The median radiosurgical prescription dose was 12.5 Gy (12–13 Gy). The treatment dose was
administered at 12 Gy in seven patients, 12.5 Gy in five, and
13 Gy in six. In all patients, 50% isodose line was used (Figure 1). Each patient was administered with 16 mg dexamethasone after Gamma Knife treatment, if there was no contraindication.
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Tumor control: The median follow-up duration was 4
months (1–8 months). The tumor size increased in 1 patient

(5%), decreased in 3 patients (17%), and remained stable in
14 patients (78%).
Gamma knife-related complications: Left hemiparesthesia
developed only in one of 18 patients (5%). Patient’s symptom
was resolved after one-month use of steroid. Hearing in all
patients was preserved during their follow-ups and no newly
developed facial paresis or paralysis was observed.

Discussion
In this study, preliminary results of patients with acoustic neuroma, who were treated in the Gamma Knife Unit
at Bezmialem Vakif University, were presented. It was
observed that the treatment was effective and complication rate was acceptable in the short-term assessment of
patients with acoustic neuroma treated for 8 months in our
unit. The efficiency of Gamma Knife in acoustic neuromas
generally occurs after 1 year and the control rate of tumor
after 2 years is approximately 85%. Stable and reduced tumor volume indicates that Gamma Knife is an effective
treatment.
Gamma knife radiosurgery is an effective and safe method
for the treatment of small and mid-sized acoustic neuromas. Studies have shown that Gamma Knife controls the
tumor growth and maintains neurological function (8,
9). A study having level I evidence revealed that Gamma
Knife was superior to microsurgery in terms of functional
outcome and quality of life (10, 11). It was reported that
the rate of facial paresis, which particularly impairs the
Table 1. Gardner-Robertson hearing classification results
of patients
		
PTA*(dB)

Number of
SD** (%)

patients

Stage 1: Good

0–30

70–100

2

Stage 2: Functional

31–50

50–69

3

Stage 3: Non-functional

51–90

5–49

6

Stage 4: Poor

90–100

1–4

2

Stage 5: Deaf

0

0

5

*PTA: pure tone average **SD: speech discrimination score

Table 2. House–Breckmann facial nerve grading in patients
treated with Gamma Knife for acoustic neuroma
House–		
Breckman stage
Definition

Number of
patients

I

Normal

9

II

Mild

2

III

Moderate

2

IV

Moderate-severe

1

V

Severe

0

VI

Total palsy

0
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Table 3. Demographic and treatment data of patients with acoustic neuroma treated with gamma knife
Patient 				
no
Age
Sex
Complaint

Tumor volume
(cm3)

Treatment
dose (Gy)

Duration of
follow-up (month)

Response to
treatment

1

38

Male

Hearing loss

6.52

13

6

Stable

2

57

Male

Headache

10.9

12

3

Stable

3

38

Female

Headache

3.67

12

3

Stable

4

51

Male

Dizziness

1.76

12

4

Stable

5

43

Female

Tinnitus

1.71

12.5

4

Stable

6

64

Male

Hearing loss and tinnitus

3.56

12.5

4

Stable

7

53

Female

Hearing loss

0.4

13

8

Decreased

8

53

Male

Headache

1.68

13

6

Stable

9

69

Female

Hearing loss

1.13

12

4

Stable

10

47

Male

Tinnitus

2.12

13

4

Stable

11

62

Male

Headache

0.25

13

8

Stable

12

61

Male

Hearing loss

2.51

12.5

4

Stable

13

66

Male

Headache

8.59

12.5

8

Decreased

14

72

Female

Hearing loss

14

12

8

Stable

15

63

Female

Tinnitus

1.75

12

7

Increased

16

67

Male

Dizziness

0.25

13

8

Decreased

17

62

Male

Dizziness

5.27

12

4

Stable

18

47

Female

Dizziness

2.37

12.5

4

Stable

is higher in Gamma Knife than in surgery. Especially
in small tumors in which hearing is still good, Gamma
Knife treatment is a highly effective treatment method
(13, 14). Gamma knife, which is comparable to microsurgery, is a safe treatment option in small to mid-sized
lesions without a mass effect.

Figure 1. Treatment plan of patients with right acoustic
neuroma on GammaPlan. The dose of 13 Gy was defined on 50% isodose curve.

quality of life of patients, was 2%–3%, and the rate of
hearing loss was 50% after microsurgery. In addition,
cerebrospinal fluid fistula, meningitis, and other cranial
nerve damages are complications that may develop after
microsurgery (12). After Gamma Knife, the rate of facial
paralysis is approximately 1%–2% and that of hearing
loss is 20%–30%. The probability of hearing protection

Different treatment doses have been administered over
years and their efficiencies and reliabilities have been examined. It has been reported that decreased radiation dose
does not completely protect hearing, but provides better
hearing results than higher doses. Hearing is better protected through treatment with a dose of 13 Gy (15). The
mean dose was 14.2 Gy in the studies between the years of
1998 and 2007 (12, 13). In the studies between 2007 and
2011, prescription dose was lower than that in previous
studies and a dose of 12–13 Gy was recommended. Sun et
al. (16) applied Gamma Knife treatment at the median peripheral treatment dose of 13.6 Gy on 45% isodose curve
and Wangerid et al. (17) at the median dose of 12.3 on
50% isodose curve. These data are consistent with those
of our study.
Wangerid et al. (17), Hasegawa et al. (18), and Sun et al.
(16) reported effective tumor control rates. Reduction in tumor size was observed in 72%, 58%, and 64%, respectively,
and tumor size was stable in 20%, 34%, and 23%, respectively. It was specified that temporary growth was seen in
tumor in the 3rd–6th months, but reduction was observed
during follow-ups (16). In our study, despite the short du-
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ration of follow-up, reduction in tumor size was detected
in three patients. Increased lesion size was found only in
one patient and no clinical finding was observed in this patient and as stated in the literature, this growth is believed
to be temporary. In this study, early results of patients with
acoustic neuroma were presented. Because they were our
preliminary results, the durations of follow-ups were short
and were therefore insufficient to present the results of the
final treatment. This is a limitation of this study. Patients
will be followed up for a longer period and the results will be
evaluated. However, our preliminary results are consistent
with those of the literature, and the treatment seems to be
successful.
Gamma knife-induced hemihypoesthesia developed in only
one patient, who recovered with a short-term steroid treatment in our cohort. Recently, developed facial paralysis or
impaired hearing was not observed in any patient during their
follow-ups. Hasegawa et al. (18) found the rates of hearing
protection at the end of the 3rd and 5th years to be 58% and
46%, respectively, in patients receiving prescription dose of
<13 Gy, and to be 37% and 19%, respectively, in patients
receiving treatment of >13 Gy.
In Turkey, there is no scientific data on the cost of Gamma
Knife and its comparison with surgery. In general, the cost
of Gamma Knife, which is performed in a day and does not
require hospitalization, is lower considering the costs of operation, post-operative intensive care, and hospital stay in surgical treatment. In a study performed on patients with brain
metastasis in the United States of America, it was specified
that the cost of surgical resection was approximately US$
27,500 and the cost of gamma knife was approximately US$
20,200 (17).
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