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Abstract Background: The treatment of acoustic neuromas (AN) has historically involved surgical excision or
stereotactic radiosurgery, with a relatively limited number
of reports available describing the use of fractionated stereotactic radiotherapy (FSRT). To enhance the existing
knowledge regarding the safety and efficacy of this treatment modality, we describe our initial experience with
FSRT for AN. Methods: From 1999–2005, 20 patients
(12F, 8M) with AN underwent FSRT. All patients were
treated using the Radionics X-Knife 4.0 3D planning system, receiving 54 Gy in 1.8 Gy daily fractions with a
prescription isodose line of 90%. Treatments were delivered stereotactically using a dedicated Varian 6/100 linear
accelerator, with immobilization achieved via the GillThomas-Cosman relocatable frame. Median tumor size
(maximum diameter) was 2.1 cm (range, 1.1–3.4 cm).
Median patient age was 49.5 years, with median follow-up
of 22 months (range, 1–66 months). All patients were
evaluated with pre- and post-gadolinium-enhanced magnetic resonance imaging. Results: Following FSRT, local
tumor control was achieved in every patient, with the
treatment well-tolerated by all patients. No patient experienced acute complications or facial nerve weakness. Two
patients experienced permanent trigeminal nerve morbidity
manifesting as facial numbness. All nine patients with
preserved hearing before treatment had hearing
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preservation at last follow-up, although four of these patients experienced hearing decline following FSRT. Conclusion: In our series of 20 patients with AN, all had local
tumor control following FSRT, with minimal morbidity.
These results support the growing body of literature demonstrating the safety and efficacy of FSRT in achieving
local control for AN, further validating the viability of
FSRT as a treatment modality for this patient population.
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Introduction
Arising from the Schwann cells of the vestibular portion of
the eighth cranial nerve, acoustic neuromas typically
present clinically with tinnitus, imbalance and/or unilateral
sensorineural hearing loss. Approximately 2,500 new cases
are diagnosed per year in the United States, yielding a
relative incidence of 1/100,000 per year [1]. With the advent of modern imaging, tumors of previously undetectable
size can be identified via gadolinium-enhanced magnetic
resonance (MR) imaging, identifying an even larger number of patients with tumors than previously estimated [2].
The majority of acoustic neuromas enlarge within 1–
2 years of diagnosis, which can result in severe consequences due to the important structures in the vicinity of
these lesions, namely the brainstem and adjacent cranial
nerves [3, 4].
The two major goals of acoustic neuroma treatment are
prevention of tumor growth and avoidance of injury to the
adjacent trigeminal, facial and cochlear nerves [5–10]. To
accomplish these goals, the predominant treatment
modality has traditionally been microsurgical excision [6,
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8, 10]. However, within the past two decades, stereotactic
radiosurgery has emerged as an attractive alternative with
similar efficacy and less morbidity for tumors with an
average diameter of less than three centimeters [11–16].
Fractionated stereotactic radiotherapy (FSRT) refers to
closed-skull multi-session irradiation of an intracranial target where the focusing accuracy has a precision of 1 mm.
Similar to single-fraction stereotactic radiosurgery, the goal
of FSRT is the control of tumor growth in contrast to
microsurgical excision. Because of its multi-session nature,
FSRT can be used to treat acoustic neuromas with potentially
less morbidity than stereotactic radiosurgery, and has
emerged as a potential alternative to microsurgical excision
as a treatment modality for acoustic neuromas [15, 17–21].
To enhance the existing knowledge regarding the safety and
efficacy of FSRT in this patient population, we describe our
initial experience using FSRT to treat acoustic neuromas.

Results

Clinical materials and methods

Discussion

From January 1999 to September 2005, 20 patients (12
women, eight men) with acoustic neuromas who underwent
FSRT at the University of Minnesota Medical Center were
retrospectively reviewed. Ten tumors were located in the
left cerebellopontine angle, and 10 were on the right, with
six patients having undergone acoustic neuroma resection
prior to FSRT. All patients had treatment planning using
the Radionics X-Knife 3D planning system (Integra Radionics, Burlington, MA) as previously described [22];
however, planning was performed strictly based on following contrast-enhanced computerized tomography (CT)
scanning alone (magnetic resonance imaging was not utilized). The median total dose received was 54 Gy, delivered in daily 1.8 Gy daily fractions. Treatments were
delivered using a dedicated Varian 6/100 linear accelerator
(Varian Medical Systems, Inc., Palo Alto, CA), with head
immobilization accomplished via the Gill-Thomas-Cosman
relocatable stereotactic frame (Integra Radionics, Burlington, MA).
Mean tumor size was 2.1 cm (median, 2.0 cm; range,
1.1–3.4 cm) in maximum diameter, and the median prescription isodose line was 90% of the maximum dose. The
maximum dose was delivered within the tumor in all cases.
Median patient age was 49.5 years (mean, 49.4 years;
range, 26–75 years), with median follow-up of 22 months
(mean, 21.8 months; range, 1–66 months), and mean dosage to the brainstem of 0.060 Gy per fraction (range,
0.013–0.191 Gy). Nine patients (45%) had useful hearing
at the time of FSRT, and two patients (10%) had neurofibromatosis type 2. All patients were evaluated with preand post-gadolinium-enhanced MR imaging and the
Gardner-Robertson hearing classification system [8].

The use of fractionated stereotactic radiotherapy for the
treatment of acoustic neuromas is a relatively recent
development, with the vast majority of the literature
comprising patients treated within the past 10 years [17–
21, 23–28]. Previous studies have demonstrated that FSRT
treatment of acoustic neuroma prevents tumor growth and
hearing loss compared with observation alone [23–24],
with comparable rates of tumor control to single-fraction
stereotactic radiosurgery [17–19, 25–27] and less morbidity associated with the trigeminal nerve [24, 25, 28–30]. To
expand the knowledge regarding the safety and efficacy of
FSRT in the treatment of acoustic neuromas, we reviewed
our initial experience over a 7-year period.
The findings of this report support the growing body of
literature asserting the safety and efficacy of FSRT for
acoustic neuromas. Of particular interest is our finding of
10% permanent trigeminal nerve morbidity, which is
comparable to the 1–12% reported previously for FSRT
[17–19, 23, 25, 26, 28] and superior to the majority of reports for single-fraction stereotactic radiosurgery, where
trigeminal nerve morbidity has been reported as high as
56% [13, 15, 29, 30], although more recent reports using
median doses less than 14 Gy have reported morbidity of up
to 11% [31–34]. Our findings of complete tumor control and
no facial nerve morbidity after treatment are comparable or
superior to previously reported series examining FSRT for
acoustic neuroma [17–19, 21, 25, 26, 28] (Table 1) and
recent SRS series reporting 0–9% facial nerve morbidity
[31–34], further underscoring the importance of FSRT as an
attractive alternative treatment for acoustic neuromas. Although some may question the convenience of a 30-day
course of treatment (FSRT) as opposed to a single day
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Following FSRT, local control (defined as absence of
tumor progression) was achieved in all 20 patients (100%),
with the treatment well tolerated by each patient. All nine
patients with preserved hearing before treatment had
hearing preservation at last follow-up. Only four patients
suffered reduced hearing after treatment. Neither patient
with NF-2 had useful hearing prior to or following FSRT.
Permanent trigeminal nerve morbidity occurred in two
patients (10%), manifesting as facial numbness and or V2
dysesthesia. No patient experienced facial nerve morbidity
(facial weakness). Neither of the patients who suffered
morbidity had undergone resection prior to FSRT. No
patient experienced acute complications or other signs of
radiation toxicity following FSRT, and there was no mortality.
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Table 1 Recent literature regarding the safety and efficacy of FSRT for acoustic neuromas
Authors (ref. no.)

Number of patients

Median follow-up (months)

Combs et al. [17]

106

48.5

93%

70

45.3

98%

Chan et al. [18]
Williams [19]

150

Local tumor control

Facial nerve morbidity
2.3%
1%

23 (1.9 years)

100%
100%

2.6%

95%

None

Lederman et al. [21]

38

27.1

Fuss et al. [25]

51

42 (mean only)

None

Andrews et al. [26]

56

29.8 (mean only)

97%

1%

Meijer et al. [28]

80

33 (mean only)

94%

3%

Present study

20

22

(SRS), the lower incidence of permanent trigeminal nerve
and facial nerve morbidity associated with FSRT compared
with SRS demonstrated in the literature [13, 15, 17–19, 25,
26, 28–34] may more than compensate for the relative
short-term inconvenience of FSRT.
Conclusion
In our series of 20 patients with acoustic neuromas, all had
local tumor control following FSRT, with minimal morbidity to the trigeminal nerve, and no morbidity to the
facial nerve. There were no acute complications. These
results support the growing evidence demonstrating the
safety and efficacy of FSRT in achieving local control for
acoustic neuromas, further validating this treatment
modality for this patient population. Future studies are
needed to evaluate the efficacy of FSRT in achieving local
control of other tumors of the skull base.
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