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Purpose: Two major treatment options are available for patients with acoustic neuroma, microsurgery and
radiosurgery. Our objective was to compare these two treatment modalities with respect to tumor growth control,
hearing preservation, development of cranial neuropathies, complications, functional outcome, and patient
satisfaction.

Methods and Materials: To compare radiosurgery with microsurgery, we analyzed 96 patients with unilateral
acoustic neuromas treated with Leksell Gamma Knife or microsurgery at Memorial Hermann Hospital, Houston,
Texas, between 1993 and 2000. Radiosurgery technique involved multiple isocenter (1-30 single fraction
fixed-frame magnetic resonance imaging) image-based treatment with a mean dose prescription of 14.5 Gy.
Microsurgery included translabyrinthine, suboccipital, and middle fossa approaches with intraoperative neuro-
physiologic monitoring. Preoperative patient characteristics were similar except for tumor size and age. Patients
undergoing microsurgery were younger with larger tumors compared to the radiosurgical group. The tumors
were divided into small <2.0 cm, medium 2.0-3.9 cm, or large >4.0 cm. Median follow-up of the radiosurgical
group was longer than the microsurgical group, 48 months (3—84 months) vs. 24 months (3-72 months).
Results: There was no statistical significance in tumor growth control between the two groups, 100% in the
microsurgery group vs. 91% in the radiosurgery group (p > 0.05). Radiosurgery was more effective than
microsurgery in measurable hearing preservation, 57.5% vs. 14.4% (p = 0.01). There was no difference in
serviceable hearing preservation between the two groups. Microsurgery was associated with a greater rate of
facial and trigeminal neuropathy in the immediate postoperative period and at long-term follow-up. The rate of
development of facial neuropathy was significantly higher in the microsurgical group than in the radiosurgical
group (35% vs. 0%, p < 0.01 in the immediate postsurgical period and 35.3% vs. 6.1%, p = 0.008, at long-term
follow-up). Similarly, the rate of trigeminal neuropathy was significantly higher in the microsurgical group than
in the radiosurgical group (17 % vs. 0% in the immediate postoperative period, p < 001, and 22% vs. 12.2%,p =
0.009, at long-term follow-up). There was no significant difference in exacerbation of preoperative tinnitus,
imbalance, dysarthria, dysphagia, and headache. Patients treated with microsurgery had a longer hospital stay
(2-16 days vs. 1-2 days, p < 0.01) and more perioperative complications (47.8% vs. 4.6%, p < 0.01) than did
patients treated with radiosurgery. There was no correlation between the microsurgical approach used and
postoperative symptoms. There was no difference in the postoperative functioning level, employment, and overall
patient satisfaction. There was no correlation between the radiation dose, tumor size, number of isocenters used,
and postoperative symptoms in the radiosurgical group.

Conclusion: Radiosurgical treatment for acoustic neuroma is an alternative to microsurgery. It is associated with
a lower rate of immediate and long-term development of facial and trigeminal neuropathy, postoperative
complications, and hospital stay. Radiosurgery yields better measurable hearing preservation than microsurgery
and equivalent serviceable hearing preservation rate and tumor growth control. © 2002 Elsevier Science Inc.

Acoustic neuroma, Stereotactic radiosurgery, Microsurgery, Gamma Knife.

INTRODUCTION prise the myelin sheath of the vestibulocochlear nerve (CN
VIII). It usually arises from the vestibular portion of the
Acoustic neuroma, also known as vestibular schwannoma, nerve and can be located inside the internal acoustic meatus
is a benign tumor arising from Schwann cells, which com- or the cerebellopontine angle, or it can have both intracanal-
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icular and cerebellopontine angle components (1, 2). The
symptoms of small and medium tumors include unilateral
sensorineural hearing loss, unsteadiness, dizziness, tinnitus,
mastoid pain or otalgia, headache, and facial numbness.
Larger tumors may present with facial weakness, dysarthria,
dysphagia, and hydrocephalus (3-5). The most common
diagnostic tools are audiogram and magnetic resonance
imaging (MRI) with contrast (5, 6). Once the tumor is
diagnosed, three treatment options are available to patients:
observation, surgery, or radiotherapy.

Surgical removal of acoustic neuroma was first per-
formed in 1894 (7). Since then, the surgical procedure has
evolved and now includes translabyrinthine, suboccipital,
and middle fossa approaches with subtotal and complete
tumor removal. Probability and severity of morbidity asso-
ciated with microsurgery depend on tumor size (8). Possible
complications of surgery include hearing loss, dizziness,
ataxia, facial weakness and numbness, brainstem injury,
cerebrospinal fluid (CSF) leak, stroke, myocardial infarc-
tion, hydrocephalus, meningitis, or death. The Translaby-
rinthine approach is incompatible with hearing preservation
(9), and suboccipital and middle fossa approaches are asso-
ciated with 25% to 77% hearing loss, depending on the
tumor size (8, 10, 11).

Radiosurgery with the Gamma Knife was originally de-
scribed by Leksell in 1951. This technique involves focus-
ing multiple beams of radiation on an intracranial target
using cobalt sources (12). The first radiation treatment of
acoustic neuroma was proposed in 1969 and was used in
1971 (13). Complications in the use of the Gamma Knife
include hearing loss, facial weakness and numbness, tinni-
tus, imbalance, headache, dysarthria, dysphagia, cystic ne-
crosis, and hydrocephalus. There are numerous publications
discussing radiosurgery and microsurgery separately but
there are very few articles that make a direct comparison
(14, 15). We report a retrospective nonrandomized study
comparing radiosurgery and microsurgery performed in a
single institution with respect to tumor growth control,
hearing preservation, rate of facial and trigeminal neuropa-
thy, complication rates, functional outcome, and patient
satisfaction.

METHODS AND MATERIALS

Patients in this study were divided into two treatment
groups, radiosurgery and microsurgery. Patients were not
randomized. Between 1993 and 2000, 75 patients with 77
acoustic neuromas were treated with Leksell Gamma Knife
radiosurgery. Two patients with neurofibromatosis had bi-
lateral tumors and were excluded. During the same time, 25
patients with 27 tumors were treated with microsurgery at
Memorial Hermann Hospital in Houston. Again, 2 patients
with neurofibromatosis had bilateral tumors and were ex-
cluded. Patients in the two groups were retrospectively
evaluated. All patients in our series underwent evaluation
with high-resolution neurodiagnostic imaging including
computed tomography (CT) and MRI. All patients under-

went a clinical hearing and trigeminal and facial nerve
function evaluation. Our protocol for follow-up included
clinical examination and repeated imaging studies whenever
possible at 6-month intervals for the first year and yearly
thereafter. Available MRIs were serially evaluated for tu-
mor size. All patient charts were retrospectively evaluated
for presenting symptoms, reasons for the type of manage-
ment used, and clinical outcome. Charts were also reviewed
with respect to serial audiological assessment. These serial
studies were compared by tumor size, radiation dose and
number of isocenters, and microsurgical approach used to
evaluate for any correlation. Telephone contact with pa-
tients was performed to maximize follow-up.

Tumor size and measurement of growth

Many different ways are used to measure the size of
acoustic neuromas. Tumor size can be evaluated by mea-
suring the largest diameter of the cerebellopontine angle
component alone or by including the largest diameter of the
intracanalicular component as well (16). Based just on the
posterior fossa extension, most microsurgeons have classi-
fied acoustic neuromas into small <2.0 cm, medium 2.0—
3.9 cm, or large >4.0 cm (15). Taking into account the
discrepancy in tumor size evaluation, the largest diameter of
the intracanalicular and cerebellopontine angle components
of the tumor were measured in axial, coronal, and sagittal
dimensions and were included in the calculation of the
tumor size. Tumor size evaluation was done by taking an
average of the largest tumor diameters in three dimensions
to approximate the exact tumor shape. Based on estimates of
neuroimaging and measurement error, a change in the av-
erage extrameatal tumor diameter of at least 2.6 mm was
required to consider any two tumor measurements to be
“objectively” different (17-20). Tumor measurements were
compared with the ones noted by the radiologist, neurosur-
geon, or radiation oncologist as was documented in the
patients’ charts.

Cranial nerve function

Preoperative and postoperative hearing was graded ac-
cording to the Gardner-Robertson (GR) modification of the
classification system of Silverstein (21). Facial strength was
classified according to the House-Brackmann grading sys-
tem (22). Trigeminal function was assessed according to
whether the patient had normal facial sensation, decreased
sensation, or no sensation. The strict follow-up criteria
included any subjective facial numbness or paresthesia and
were counted as an incidence of trigeminal neuropathy
regardless of whether the symptoms of neuropathy were
present on physical examination.

Functional outcome and patient satisfaction

Patients were assessed with respect to length of hospital
stay, perioperative complications, and employment and per-
formance status before and after treatment. Performance
status was classified according to Karnofsky performance
scale (KPS). Patient satisfaction with the treatment was also
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Table 1. Radiosurgery parameters

Radiation treatment parameter Range Average
Central tumor dose 20-48 28.6
Tumor margin dose 10-24 14.5
Isocenter # 1-30 8.5
Isodose line 40-90 50.9
Focal diameter of collimator helmet 4-18 9.0

assessed by asking the patients if the treatment met their
expectations, if it was a good choice for them retrospec-
tively, and whether they would recommend it to a friend.

Radiosurgical technique

The radiosurgical technique was described in detail in
previous publications (23-25). MRI high-resolution, gado-
linium-enhanced, T1-weighted sagittal scout images were
obtained to localize the area of interest. Multiplan volume
acquisition contrast-enhanced MRI (divided into 28 axial
MRI slices of 2 mm thickness covering the entire lesion and
surrounding critical structures) was performed to determine
the radiosurgery target volume. Planning was performed on
axial images supplemented by coronal and sagittal recon-
structed images. The treatment parameters used are shown
in Table 1. A plan was achieved using 1 to 30 isocenters of
different diameters (4—18 mm). After finalizing the plan, a
minimal dose to the tumor margin was determined. Dose
planning enclosed the tumor contour within 50% isodose
line in 69 patients, 70% isodose line in 2 patients, 90%
isodose line in 1 patient, and 40% in 1 patient. The treat-
ment isodose, maximal dose, and dose to the margin were
decided jointly by a neurosurgeon, radiation oncologist, and
medical physicist. Radiosurgery was performed with a 201-
source cobalt-60 Leksell Model U Gamma Knife (Elekta
Instruments) by positioning the targets serially at the X, Y,
and Z coordinates.

Surgical techniques

Microsurgical resection was performed by experienced
acoustic neuroma surgeons using suboccipital, translabyrin-
thine, or middle fossa approaches. Microsurgical technique
was described in detail in previous publications (8, 26-29).
Translabyrinthine approach was used for 12 (52%) patients.
Two (9%) patients underwent a middle fossa translabyrin-
thine approach and 1 (4%) underwent a suboccipital trans-
meatal approach. Suboccipital approach was used in 7
(30%) patients and middle fossa approach was used in 1
(4%) patient. In 21 (91.3%) patients the tumors were re-
sected completely and in 2 (8.7%) patients a subtotal resec-
tion was achieved. A neuro-otological surgeon assisted with
drilling of the internal auditory canal and opening the me-
ninges in 19 of 23 (82.6%) cases. Intraoperative neurophys-
iological monitoring of brainstem evoked responses as well
as facial nerve monitoring were performed on all patients.
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Statistical analysis

The analysis of variance table and the chi-square test
were used to determine the relation between categorical
variables and to compare the means of variables between
the two treatment groups. P values less than 0.05 were
considered statistically significant.

Determination of patient eligibility

Indications for microsurgery included worsening symp-
toms, enlargement of the tumor, regrowth after previous
resection in younger patients, enlargement of the tumor after
radiosurgery and patient decision. Patients were considered
to be eligible for treatment with radiosurgery if their tumor
size was less than 30 mm in average diameter and they met
at least one of the following criteria: (/) The patient with
increasing symptoms was greater than 40 years of age. (2)
The patient could not undergo surgery due to significant
medical problems. (3) The tumor was present in the only
hearing ear. (4) The patient had bilateral acoustic tumors.
(5) The tumor recurred despite previous surgical resection.
(6) The patient refused direct microsurgical removal. Pa-
tients with neurofibromatosis (NF) type II were not consid-
ered to be radiosurgical candidates unless they were treated
palliatively.

Patient characteristics

Characteristics of patients treated with microsurgery and
radiosurgery are listed in Table 2. Patients with NF II had
bilateral tumors and were excluded from the study.

RESULTS

In the radiosurgical group, 55 (76.4%) serial MRI scans
and 49 (67%) patients were available for follow-up, which
ranged from 3 to 84 months with a mean of 46.7 months and
median of 48 months. In the surgical group, 14 (60.8%)
serial MRI scans and 18 (78%) patients were available for
follow-up that ranged from 3 to 72 months with an average
of 31 months and median follow-up of 24 months. Imme-
diate follow-up included the time spent in the hospital after
treatment. All of the patients’ charts in the radiosurgical and
surgical groups were available for follow-up immediately
after surgery.

Tumor growth control

The results of serial postoperative imaging studies in 55
patients treated with radiosurgery with at least 3 months
follow-up are shown in Table 3. 36.4% of tumors decreased
in size, 54.5% stayed stable, and 9% increased in size with
an overall control rate of 91%. The onset for change in
tumor size was 1 year after radiosurgery. None of the
patients treated by microsurgery experienced tumor recur-
rence (growth control of 100%). There was no statistical
significance between the two groups (p > 0.05).
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Table 2. Pretreatment patient characteristics

Table 3. Tumor growth control

Characteristics Radiosurgery Microsurgery p values
Age range 34-84 17-75 <0.05
Average 61.6 44.8
Median 62.5 48
Sex
Male 23 (31.5) 6(26.1) 0.623
Female 50 (69.4) 17 (73.9)
Tumor location
L 35 (47.9) 11 (47.8) 0.480
R 38 (52.1) 12 (52.1) 1.00
Intracanalicular 23 (31.9) 2(8.7) 0.053
Cerebellopontine 22 (30.1) 11 (47.8) 0.135
Intracanalicular and
cerebellopontine 28 (38.8) 10 (43.5) 0.808
Tumor size
Small 54 (75) 8(348) <0.05
Medium 17 (23.6) 9(39.1)
Large 227 6(174)
Prior treatment
Craniotomy/resection 10 (13.9) 6(26.1) 0.205
Radiation 0 0
Signs and symptoms
Increase in size 46 (63.9) 3(13) 0.318
Increase in symptoms 20 (28) 11 (47.8) 0.223
Hearing loss 68 (93.2) 22 (95.7) 0.058
Gardner-Robertson class | 5(6.9) 14.3) 0.719
1T 12 (16.7) 6(26.1)
m 20274 521.7)
IV 21(29.2) 7(30.4)
\" 15 (20.8) 4(17.4)
Facial neuropathy 0.317
House-Brackmann class | 52 (72.2) 15 (65.2)
T 70.7) 2(8.7)
1 0 14.4)
v 34.2) 0
\" 4(5.6) 3(13)
VI 0 2(8.7)
Trigeminal neuropathy 0.138
Normal sensation 61 (83.6) 16 (69.6)
Decreased sensation 12 (16.7) 6 (26.1)
No sensation 0 14.3)
Imbalance 47 (64) 15(52.2) 0.629
Headache 14 (19) 6 (26.1) 0.560
Tinnitus 35 (49) 8(34.8) 0.337
Dysarthria 2(2.8) 3(13) 0.090
Dysphagia/aspiration 6(8.3) 0 0.330
Hydrocephalus 314.2) 14.3) 1.000

Hearing preservation

The results of the follow-up evaluation after radiosurgery
and microsurgery compared with results of preoperative
testing are listed in Table 4 and shown in Figs. 1-3. There
was no significant difference in preservation of serviceable
hearing in the two groups (44% for radiosurgery vs. 40% for
microsurgery, p = 0.227). (The hearing preservation in
patients who had any measurable hearing was significantly
worse in the microsurgical group than the radiosurgical

Radiosurgery Microsurgery
Tumor size Number (%) Number (%)
Increased 50) 0
Decreased 20 (36.4) 14 (100%)
Unchanged 30 (54.5) 0

group [57.5% for radiosurgery vs. 14.4% for microsurgery
p = 0.01].) Useful or serviceable hearing was present in 9
(18.4%) patients before radiosurgery. Any measurable hear-
ing defined as GR class I, II, III, or IV was present in 40
(81.6%) patients. At a long-term follow-up, 22 (44.9%)
patients reported a decrease in hearing after radiosurgery
and 14 (28.6%) patients who had some measurable hearing
before radiosurgery experienced complete hearing loss.
Four (8.2%) patients with preoperative serviceable hearing
experienced hearing loss. Three (6.1%) patients experienced
improvement in hearing level, and 24 (49%) patients expe-
rienced no change in preoperative hearing level. Hearing
was preserved at the preradiosurgical level in all patients in
the immediate postoperative period. There was no correla-
tion between the peripheral and central tumor radiation dose
(p = 0.099 and 0.564), the number of isocenters used (p =
0.527), and tumor size (p = 0.198) and hearing preserva-
tion.

Useful or serviceable hearing was present in 5 (29.4%)
patients before microsurgery. Any measurable hearing (GR
class I, II, III, IV) was present in 14 (82.3%) patients.
Fifteen (88.2%) patients experienced complete hearing loss
after microsurgery. Three (17.6%) of the patients who had
serviceable hearing lost their hearing completely. Two
(11.8%) patients who had serviceable hearing preopera-
tively maintained serviceable hearing. Patients with small
tumors treated with suboccipital or middle fossa approach
had a 25% hearing preservation rate, and those with large
tumors had a 0% hearing preservation rate. There was no
correlation between approach used and hearing preservation
(p = 0.449).

Facial nerve function

The immediate and long-term postoperative scores of
radiosurgical and microsurgical patients are shown in Ta-
bles 5 and 6. Long-term follow-up results are shown in Fig.

Table 4. Hearing preservation after radiosurgery versus
microsurgery

Number of patients (%)

Radiosurgery Microsurgery
Gardner-Robertson
class Before After Before After
Good/serviceable 9(18.4) 4@®2) 5(194) 2(11.8)

Poor/nonserviceable 31 (63.3) 19 (38.7) 9(52.9) 0
Absent 9(18.4) 26(53.1) 3(17.6) 15(88.2)
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Fig. 1. Hearing preservation before and after radiosurgery and microsurgery. Columns with brick-like pattern— before
radiosurgery; black stippled—after radiosurgery; crisscrossed columns— before microsurgery; white-and-black dia-
monds—after microsurgery.
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Fig. 2. Facial nerve function at long-term follow-up after radiosurgery and microsurgery. Columns with brick-like
pattern— before radiosurgery; black stippled —after radiosurgery; crisscrossed columns— before microsurgery; white-
and-black diamonds— after microsurgery.
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Fig. 3. Trigeminal nerve function at long-term follow-up after radiosurgery and microsurgery. Columns with brick-like
pattern— before radiosurgery; black stippled —after radiosurgery; crisscrossed columns— before microsurgery; white-
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2. The rate of development of facial neuropathy was signif-
icantly higher in the microsurgical group than in the radio-
surgical group (35% vs. 0%, p < 0.01 in the immediate
postsurgical period and 35.3% vs. 6.1% p = 0.008 at
long-term follow-up). At long-term follow-up, 43 (87.7%)
radiosurgical patients experienced no change in facial nerve
function, 3 (6.1%) patients experienced an improvement in
facial nerve function, and 3 (6.1%) patients experienced a
decrease in facial nerve function. Two (4.1%) patients de-
veloped new onset facial neuropathy. One patient developed
complete facial nerve paralysis 6 months after treatment.
This patient had a small tumor and received 15 Gy to the
tumor periphery at the 50% isodose line with central tumor

dose of 30 Gy. He was noted to have cystic necrosis and
edema of the tumor on neuroimaging studies 6 months after
treatment. The patient required a facial nerve implant and
recovered part of his facial nerve function to House-Brack-
mann Grade III. The second patient experienced Grade V
facial nerve paralysis 3 weeks after treatment when he
developed hydrocephalus requiring surgical intervention.
This patient was noted to have a cystic component of the
tumor on neuroimaging studies before radiosurgery. He
recovered partial facial nerve function to House-Brackmann
Grade III 6 months after treatment. Forty-three (87.8%)
patients reported no change in facial nerve function, 3
(6.1%) patients reported an improvement in their symptoms,

Table 5. Immediate postoperative facial and trigeminal nerve function

Number of patients (%)

Radiosurgery Microsurgery
Before After Before After p value
House-Brackmann grade <0.000
Iand I 58 (79.4) 58 (79.4) 17 (73.9) 13 (56.5)
III and IV 79.7) 709.7) 1(4.4) 144
V and VI 7(9.7) 709.7) 5(21.7) 9 (39)
Trigeminal nerve function <0.000
Normal 61 (83.6) 61 (83.6) 16 (69.6) 13 (56.2)
Decreased sensation 12 (16.7) 12 (16.7) 6 (26.1) 8 (34.8)
No sensation 0 0 14.3) 2(8.7)
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Table 6. Long-term postoperative facial and trigeminal nerve function

Number of patients

Radiosurgery Microsurgery
Before After Before After (%) p value

House-Brackmann grade 0.002

Iand I 39 (79.6) 38 (77.6) 10 (58.8) 6 (35.3)

I and IV 5(10.2) 6(12.2) 2(11.8) 2(11.8)

V and VI 5(10.2) 5(10.2) 5(29.4) 9 (52.9)
Trigeminal nerve function 0.004

Normal 42 (85.7) 41 (83.7) 11 (64.7) 8 (47.1)

Decreased sensation 7(14.2) 6(12.2) 5(29.4) 4 (23.5)

No sensation 0 2 4.1 1(5.9) 5(29.4)

and 3 (6.1%) patients experienced increased weakness. No
patient developed facial neuropathy in the immediate post-
operative period. There was no correlation between periph-
eral and central tumor radiation dose (p = 0.099 and 0.564),
number of isocenters used (p = 0.527), tumor size (p =
0.442), and postoperative facial nerve function in patients
treated with radiosurgery.

Immediately after microsurgery, 8 (35%) of 23 patients
developed facial nerve palsy. Four (17.4%) patients with
Grade I and II function developed facial neuropathy. Two
developed Grade III and IV and 2 developed Grade V and
VI palsy. One patient with Grade I function developed
Grade II palsy, 1 patient with Grade III function developed
Grade IV palsy, and 2 patients with Grade V function
developed Grade VI palsy. Two patients with Grade V and
VI palsy did not recover facial nerve function and required
surgical intervention. One of these patients had a small
tumor, and the other had a medium size tumor. One patient
with Grade II neuropathy experienced complete recovery 3
months after surgery. Two patients with Grades III and V
function experienced improvement in function in 3 and 6
months to Grades II and III respectively. Five (29.4%)
patients who had preoperative facial neuropathy did not
experience a change in function, and 7 (39%) patients who
had normal facial nerve function preoperatively maintained
their function. The rate of facial neuropathy was 1 (14.3%)
for small tumors, 2 (40%) for medium size tumors, and 3
(60%) for large size tumors. There was no correlation be-
tween approach used and facial nerve function (p = 0.738).

Trigeminal nerve function

The results for immediate and long-term follow-up for
radiosurgical and microsurgical patients are shown in Ta-
bles 5 and 6. Long-term follow-up results are shown in Fig.
3. The rate of trigeminal neuropathy was significantly
higher in the microsurgical group than in the radiosurgical
group (17% vs. 0% in the immediate postoperative period,
p < 0.01, and 22% vs. 12.2%, p = 0.009, at long-term
follow-up). At long-term follow-up, 41 (88.7%) patients in
the radiosurgical group had normal facial sensation, 6
(12.2%) patients experienced a decrease in sensation, and 2

(4%) patients lost their sensation completely. Four (8%)
patients developed new trigeminal neuropathy 3 months
after treatment. One patient recovered normal function after
6 weeks. Two of the patients were treated with high doses
of radiation at 15 and 24 Gy at the 50% isodose line with 30
and 48 Gy central tumor dose respectively. Forty-three
(87.8%) patients reported experiencing no change in facial
sensation, 4 (8.2%) patients experienced improvement, and
2 (4.1%) patients reported having more numbness. No pa-
tient developed trigeminal neuropathy immediately after
radiosurgery. There was no correlation between the periph-
eral and central dose of radiation used (p = 0.691 and
0.352), number of isocenters (p = 0.231), and tumor size
(p = 0.309) and postoperative trigeminal nerve function.
In the microsurgical group, 4 (17%) out of 23 patients
developed trigeminal nerve dysfunction immediately after
surgery. Three of these patients recovered function in 3
months, and 1 patient had decreased sensation at 3 years of
follow-up. At a long-term follow-up, 4 (22%) patients ex-
perienced an increase in facial numbness. One of these
patients experienced new onset trigeminal nerve palsy, 2
patients who had decreased sensation before lost all of their
sensation, and 1 patient who had normal trigeminal nerve
function preoperatively developed decreased sensation.
Fourteen (82.4%) patients reported no change in the trigem-
inal nerve function. The rate of trigeminal neuropathy was
2 (28.5%) for small tumors, 1 (25%) for medium size
tumors, and 3 (60%) for large size tumors. There was no
correlation between surgical technique used (p = 0.198) and
postoperative trigeminal nerve function in the microsurgical

group.

Other symptoms

The results for other symptoms experienced by the radio-
surgical and microsurgical patients are shown in Table 7. In
the radiosurgical group there was no correlation between the
size of the tumor, dose of radiation used, and number of
isocenters and postoperative symptoms (p > 0.05). In the
microsurgical group there was no correlation between tumor
size, surgical technique used, and postoperative symptoms
(p > 0.05).
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Table 7. Preoperative and postoperative symptoms

Radiosurgery Microsurgery

Better Worse No change Better Worse No change p value
Tinnitus 5(10.2) 13 (26.5) 31(63.3) 1(6) 0 16 (94.1) 0.04
Imbalance 7 (14.3) 11(22) 31(63.3) 4 (23.5) 4 (23.5) 10 (58.8) 0.932
Dysarthria 1(2) 241 46 (93.9) 1(5.9 3(17.6) 14 (82.4) 0.445
Dysphagia 1(2) 2(4.1) 46 (93.9) 0 1(5.9) 16 (94.1) 0.759
Headache 4(8.2) 3(6.1) 42 (79.6) 1(5.9) 0 16 (94.1) 0.654
Tinnitus central tumor dose. One (5.9%) microsurgical patient expe-

Patients in the radiosurgical group experienced signifi-
cantly more tinnitus at a long-term follow-up than did
microsurgical patients (26.5% vs. 0%, p = 0.04). Thirteen
(26.5%) radiosurgical patients experienced an increase in
tinnitus, 5 (10.2%) patients experienced a decrease in tin-
nitus, and 31 (63.3%) patients had no change in the level of
ringing. One (2%) patient experienced new onset of tinnitus.
One of the patients who experienced an increase in tinnitus
was treated with 24 Gy to the periphery at the 50% isodose
line with 48 Gy central tumor dose, and the other patients
were treated with 14 Gy to the periphery at 50% isodose line
with 28 Gy central tumor dose. One (6%) microsurgical
patient experienced a decrease in the level of ringing, and 16
(96.1%) patients experienced no change in tinnitus.

Imbalance

There was no significant difference in experiencing wors-
ened imbalance between the two groups (23.5% for radio-
surgery vs. 22.4% for microsurgery, p = 0.932). Eleven
(22.4%) radiosurgical patients experienced an increase in
imbalance, 7 (14.3%) experienced a decrease in unsteadi-
ness, and 31 (63.3%) patients experienced no change. Three
(6.1%) patients experienced new onset of imbalance. One of
the patients developed tumor necrosis and edema requiring
surgical intervention. One of the patients who developed
increased imbalance was treated with 24 Gy to the periphery
at 50% isodose line with 48 Gy central tumor. Four (23.5%)
microsurgical patients experienced an increase in their im-
balance, 10 (58.8%) patients experienced no change in their
symptoms and 4 (23.5%) patients reported a decrease in
imbalance. One (6%) patient developed new onset of im-
balance. This patient had a small intracanalicular tumor and
was treated with a translabyrinthine approach.

Headache

There was no significant difference in experiencing wors-
ened headache between the two groups (6.1% for radiosur-
gery vs. 0% for microsurgery, p = 0.475). Three (6.1%)
radiosurgical patients who presented with headaches expe-
rienced an increase in their symptoms, 4 (8.2%) patients
experienced an improvement, and 42 (87%) patients re-
ported no change. One patient developed a new onset of
headaches, which lasted for 6 weeks on the ipsilateral side
6 months after treatment. This patient was treated with 15
Gy to the periphery at the 50% isodose line with 30 Gy

rienced a decrease in their headache, and 16 (94.1%) pa-
tients experienced no change in their symptoms. No patient
developed new onset headache.

Dysarthria and dysphagia

There was no significant difference in experiencing wors-
ened dysarthria between the two groups (4.1% for radiosur-
gery vs. 0% for microsurgery, p = 0.445). Two (4.1%)
radiosurgical patients who presented with dysarthria expe-
rienced worsening, 1 (2%) patient reported an improvement.
Forty-six (93.9%) patients experienced no change. Two
(4.1%) radiosurgical patients who presented with dysphagia
experienced worsening, 1 (2%) patient reported an improve-
ment. Forty-six (93.9%) patients experienced no change.
One (2%) patient developed new dysarthria and dysphagia.
This patient was treated with 14 Gy at 50% isodose line and
28 Gy central tumor dose. Three (17.6%) microsurgical
patients who presented with dysarthria experienced no
change in their symptoms.

Functional level and treatment satisfaction

Results for functional level and treatment satisfaction for
radiosurgical and microsurgical patients are shown in Table
8.

Hospital stay

Hospital stay for microsurgical patients was significantly
higher than for radiosurgical patients (1-2 days vs. 2-16
days, p < 0.01). Seventy (97%) radiosurgical patients were
discharged from the hospital in 24 h. There was no corre-
lation between the approach used and size of the tumor and
the duration of hospitalization in the microsurgical group
(p = 0.413 and 0.112).

Functional level

There was no significant difference in KPS and Eastern
Cooperative Oncology Group (ECOG) scale grades be-
tween the two groups (12.2% for radiosurgical patients vs.
11.7% for microsurgical patients, p = 0.796 for KPS and
p = 0.543 for ECOG). Six (12.2%) patients in the radio-
surgical group experienced a decrease in functional level
according to the Karnofsky and ECOG scales. Three (6.1%)
patients presented with a decreased functional level before
radiosurgery and experienced a decline due to comorbid
conditions. Two (11.7%) patients in the microsurgical group
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Table 8. Postoperative functional level and patient satisfaction

Radiosurgery Microsurgery

No change Better Worse No change Better Worse p value
KPS 43 (87.8) 0 6 (12.2) 15 (88.2) 0 2 (11.8) 0.796
Employment Before After Before After 0.778

25 (51) 22 (44.9) 11 (64.7) 9 (52.9)
Hospital stay Range (days) Average Range Average <0.05
1-2 1.1 3-16 6.2

Satisfaction Met expectations Recommend Met expectations Recommend 0.216 and 0.171

47 (95.9) 47 (95.9) 16 (94.1) 17 (100)

experienced a decrease in functional level according to the
Karnofsky and ECOG scales.

Employment

There was no significant difference in loss of employ-
ment after treatment between the two groups (6.1% for
radiosurgery vs. 11.7% for microsurgery, p = 0.778).
Twenty-one of 25 (84%) patients who were employed be-
fore treatment returned to work within 1 week of radiosur-
gery. One patient who was treated for a 5-mm recurrence
after surgical removal of a large acoustic neuroma and
complete facial paralysis returned to work after 6 months.
Three (6.1%) patients experienced functional decline and
became unemployed due to an increase in symptoms related
to acoustic neuroma.

Patient satisfaction

There was no significant difference in patient satisfaction
between the two groups: 94.1% patients treated with micro-
surgery said that they were satisfied with treatment vs.
81.6% for radiosurgery (p = 0.216). One hundred percent of
the patients treated with microsurgery said they would rec-
ommend it to a friend vs. 89.8% treated with radiosurgery
(»p = 0.171). Nine (18.4%) patients said that the Gamma
Knife did not meet their expectations. These patients were
not satisfied because the treatment did not remove the tumor
completely. One (5.9%) patient said that microsurgery did
not meet his expectations.

Other complications

The complications experienced by radiosurgical and mi-
crosurgical patients are shown in Table 9. Patients treated
with microsurgery developed significantly more postopera-
tive complications than patients treated with radiosurgery
(4.6% for radiosurgery vs. 47.8% for microsurgery, p <
0.01). In the radiosurgical group, 3 (4.2%) patients devel-
oped cystic necrosis of the tumor with resulting hydroceph-
alus, imbalance, and nausea. Two patients developed dip-
lopia. One patient had a cystic component of the tumor on
preradiosurgical imaging studies and one had a preexisting

hydrocephalus with a ventriculoperitoneal shunt placement.
Two of the patients required a cyst decompression, which
has alleviated their symptoms. The patient who developed
cystic necrosis in a solid tumor was treated at 17 isocenters
with 11.5 Gy to periphery and 23 Gy central tumor dose.
Two patients died one of metastatic prostate cancer, and one
of an acute myocardial infarction.

In the microsurgical group, 5 (21.7%) patients devel-
oped infection. Two patients developed elevated white
blood cell count in the CSF, 1 patient developed elevated
temperature and sore throat, 2 patients developed thrush,
and 1 patient developed herpes zoster on the ipsilateral
side of the face. Ten (43.5%) patients developed imbal-
ance, and 3 (17.6%) patients experienced nausea and
vomiting. Five patients developed a CSF leak; 2 required
a ventriculoperitoneal (VP) shunt placement, and 2 re-
quired a lumbar drain. Two (11.2%) patients developed
edema and 1 developed hydrocephalus requiring surgical
decompression. One (4.3%) patient developed diplopia,
visual motor disorganization, and left side body weak-
ness. One (4.3%) patient developed a seizure within 24 h
after microsurgery. One patient had an air embolus, de-
veloped lethargy, and had to be intubated. One patient
died 2 months after surgery due to rupture of a colonic
viscus.

Table 9. Treatment complications

Number of patients (%) p value
Radiosurgery Microsurgery <0.01
Edema 34.2) 2 (8.7)
Hydrocephalus 34.2) 1(4.3)
Diplopia 2 (4.1) 14.3)
Imbalance 34.2) 10 (43.5)
Nausea 34.2) 3(13)
CSF leak 0 521.7)
Seizure 0 14.3)
Infection 0 521.7)
Intubation 0 14.3)
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DISCUSSION

In the past century, several treatment options for patients
with acoustic neuroma have been developed. Now patients
and physicians are faced with a choice between conven-
tional microsurgery, radiosurgery, and observation. These
treatment options should be evaluated according to the
individual patient characteristics to obtain an optimal result.
Tumor size, hearing level, comorbid conditions, expected
treatment outcome and complications, and patient prefer-
ence are some of the variables that should be taken into
account before proceeding with any treatment modality.
These variables should also be considered when deciding
which microsurgical approach to use and when formulating
a radiosurgical plan. Patients with tumors greater than 3 cm
are usually not considered to be candidates for radiosurgery
unless a microsurgical approach is not feasible due to co-
morbid conditions or patient preference.

There are three basic microsurgical approaches: middle
fossa, translabyrinthine, and suboccipital. A middle fossa
approach is useful for hearing preservation surgery in small
tumors, which reach the lateral end of the internal auditory
canal. It has been associated with greater immediate facial
nerve palsies, possibly related to the increased manipulation
of the superiorly located facial nerve in the internal auditory
canal (30). A translabyrinthine approach is used for small
and medium sized tumors. It yields a good identification of
the facial nerve but does not allow hearing preservation. A
retrosigmoid approach is used for all sized tumors for hear-
ing conservation surgery, but carries a risk of cerebellar
injury. Tumors are removed using a total or a subtotal
resection. Total resection should be attempted on all pa-
tients if at all possible. Subtotal resection is used in the case
of adherence of the tumor to the facial nerve or brainstem,
age, treatment of a tumor affecting a solitary hearing ear,
and the patient’s request (8, 31, 32). It has been shown that
in patients treated with radiosurgery, larger tumor size and
a smaller number of isocenters used are associated with a
higher rate of total hearing loss and facial and trigeminal
neuropathy. Increased peripheral dose is associated with a
greater rate of vestibular disturbances. Lowering the periph-
eral tumor dose improved hearing preservation in patients
with intracanalicular tumors (20, 33-35).

The results of our study show that stereotactic radiosur-
gery was as effective in controlling tumor growth as micro-
surgery. Patients treated with radiosurgery had a 91% tumor
growth control rate compared with 100% growth control
rate for patients treated with microsurgery. Several studies
have reported a similar good control rate of 86—-100%, (with
a high growth control rate for small tumors close to 100%)
at 2—-12-year follow-up for patients treated with radiosur-
gery (19, 28, 36-39). Our study did not show a correlation
between tumor size and growth control rate, but Forster et
al. showed that larger tumors have a lower growth control
rate than smaller ones. At a 6.6-year follow-up, tumors that
measured greater than 3 cm had a control rate of 33%, those
that were 2-3 cm had an 86% growth control rate, and

tumors measuring 2 cm had an 89% control rate (35).
Growth control rate for tumors treated with microsurgery
correlated closely with the amount of tumor that was re-
moved. Gormley et al. reported a growth control rate of
100% for tumors treated with total resection (8). For tumors
removed by subtotal resection, growth rate of 45% to 95%
has been reported (8, 40, 41).

The results of our study for hearing preservation showed
that there was no difference in serviceable hearing preser-
vation in radiosurgical and microsurgical groups, but pa-
tients in the microsurgical group experienced a significantly
higher rate of measurable hearing loss. Serviceable hearing
preservation rates were 44% and 40% for radiosurgery and
microsurgery, respectively, and measurable hearing preser-
vation rates were 57.5% and 14.4% for patients treated with
radiosurgery and microsurgery, respectively. Serviceable
hearing preservation rates for patients treated with a middle
fossa and suboccipital approaches were 25% for small tu-
mors and 0% for large tumors. Pollack et al., who also made
a direct comparison of radiosurgery and microsurgery, re-
ported a significantly higher serviceable hearing preserva-
tion rate in patients treated with radiosurgery than those
treated with microsurgery (14). Other studies reported 26—
65% serviceable hearing preservation at 1-10 years fol-
low-up and 33-68% at 2—7-year follow-up (19, 20, 27, 32,
34, 36-38, 40, 42). Hearing preservation rates in patients
treated with microsurgery depend on the size of the tumor
and the approach used. Serviceable hearing preservation in
small tumors is 32—60%, medium tumors is 12-36%, and in
large tumors is 0—24%. Measurable hearing preservation is
reported to be 57% for small tumors and 29% for medium
and large tumors. A middle fossa approach is associated
with better hearing preservation rates than a retrosigmoid
approach (8, 15, 41, 43-47).

In our study, radiosurgery was associated with a lower
rate of facial neuropathy when compared to microsurgery in
both an immediate postoperative period (0 vs. 35%) and at
a long-term follow-up (6.1 vs. 35.3%). These results agree
with the data published by Pollack et al. who reported a
significantly greater rate of facial neuropathy in the imme-
diate postoperative period and at long-term follow-up in
patients treated with microsurgery than those treated with
radiosurgery. They did not find a significant difference in
the immediate postoperative period and the long-term fol-
low-up rate of trigeminal neuropathy development (14). Our
study also demonstrates that patients treated with microsur-
gery had a significantly higher rate of trigeminal neuropathy
than those treated with radiosurgery at the immediate post-
operative period (17% vs. 0%), and at long-term follow-up
(22% vs. 12.2%). Other trials reported a rate of 0—-32% for
facial neuropathy and 0—34% for trigeminal neuropathy for
patients treated with radiosurgery. The reported onset of
cranial neuropathy was between 1 and 22 months after
treatment (19, 20, 28, 32, 38, 48, 49). The rate of cranial
neuropathy after microsurgery was shown to depend largely
on the size of the tumor. Small tumors are associated with
0% to 6% facial neuropathy, medium tumors were reported
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to have 8% to 24% rate of facial neuropathy, and large
tumors have a facial palsy rate of 40% to 80% (8, 48,
50-52). Ninety percent of patients who have postoperative
facial paralysis with anatomically preserved nerve can ex-
pect a partial return of function. If more than 4 months
elapses from the time of onset of paralysis, complete recov-
ery will not occur (53).

Patients treated with radiation had a shorter hospital stay
and a lower rate of perioperative complications. Radiosur-
gical patients developed significantly more tinnitus than
microsurgical patients. Both treatments had an equivalent
rate of development and worsening of imbalance, dysar-
thria, dysphagia, and headache. These data are similar to the
ones presented by Pollack et al. In their study, Pollack et al.
also reported that direct charges were 53% less for patients
treated with radiosurgery than those treated with microsur-
gery (14).

Radiosurgery has been proposed as an alternative treat-
ment to microsurgery for tumors less than 3 cm in diameter
in several trials (7, 14, 16, 35, 54). Our trial has also shown
that radiosurgery yields equivalent results to microsurgery.
There is a question that has been raised in previous studies:
Are the results that are being seen with radiosurgery true
effects of treatment or manifestations of the natural disease
progression (14, 16)? Pollack et al. present extensive data
which show that the tumor growth control rate is signifi-
cantly better with radiosurgery than with observation.
Rosenberg presented data from several trials which showed
that acoustic neuromas have a variable growth pattern and
that 14% to 57.8% of tumors eventually increased in size
and required intervention. He also reported that the percent-
age of people requiring intervention was lower after radio-
surgery (16). In their article, Pollack et al. advocate obser-
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vation in elderly patients with stable symptoms because
postoperative facial function and hearing preservation de-
pend on the tumor size (14).

The authors (Karpinos et al.) recognized the small num-
bers and uncontrolled variables inherent in this retrospective
analysis. However, this study represents one of only a few
articles on this subject comparing these two modalities
(radiosurgery vs. microsurgery) at a single institution. It is
also noted that the radiosurgical dose prescriptions encom-
pass a broad range of 10-24 Gy. The lower end (10 Gy)
raises concerns of poor tumor control, and the upper end (24
Gy) raises concerns of excessive cranial neuropathies, par-
ticularly hearing. The extreme ends were delivered to pa-
tients initially treated before any scientific data on tumor
control or toxicity. A majority (69 patients) received a
tumor margin dose of 14.5 Gy.

CONCLUSION

Radiosurgical treatment for acoustic neuroma is an alter-
native to microsurgery. It is associated with a lower rate of
immediate and long-term development of facial and trigem-
inal neuropathy and postoperative complications. Radiosur-
gery yields equivalent rates of serviceable hearing preser-
vation and tumor growth control. Because our study was not
a controlled randomized trial and both groups had a differ-
ent number of patients with significantly different charac-
teristics, a strong comparison can not be made. Still, our
data agree with the ones published in the literature and
therefore can be used to assess effectiveness of both treat-
ment modalities. Further studies, including a randomized
controlled trial, are needed to achieve a good comparison of
both treatments.
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