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INTRODUCTION  

The traditional definition of radiosurgery is a therapeutic
modality characterized by stereotactically focused
irradiation in a single session6). Recently, it has become a
commonly used technique for various intracranial lesions.
But the close proximity of the anterior visual pathways such
as the optic nerves and optic chiasm makes challenging in
radiosurgical treatment of perioptic lesions. It is well known
that the normal optic apparatus is one of the most
vulnerable structures to radiation injury, and the maximal
dose to the optic apparatus should not exceed 8 Gy in
single dose irradiation. Therefore, in usual practice,
radiosurgery is not recommended for lesions located within
2 mm of the anterior visual pathways8). Recent trials of
multisession radiosurgery for perioptic lesions have been

conducted in an attempt to achieve tumor control rates
equal to single session radiosurgery while maintaining the
risk of optic neuropathy as low as in fractionated
radiotherapy1). Gamma knife has been used exclusively for
single session radiosurgery, and there is no report of
multisession gamma knife radiosurgery (GKRS) for
perioptic lesions. In this report, we report, in detail, the
visual outcome of 22 patients treated with multisession
GKRS for perioptic lesions. This is the first report of gamma
knife for this purpose.

MATERIALS AND METHODS  

Twenty-two patients with perioptic lesions were treated
with multisession GKRS. All patients met the usual recom-
mended selection criteria for radiosurgery (i.e. small to
moderate tumor size, benign pathology, previous surgery or
coexisting morbidity precluding surgery), except tumor
location. All patients in this study had tumors near the
optic apparatus, within 1 mm distance. The subject group
was composed of 13 women and 9 men, with a mean age
of 46 years (range, 27-77 years) (Table 1). Open micro-
surgical resection had been done in 13 patients, and biopsy
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for pathologic confirmation had been done in 1 patient. In
8 patients, their presumptive diagnoses were established
based on MRI findings (i.e. 6 meningiomas, 1 pituitary
adenoma, and 1 cavernous hemangioma) without surgical
resection or biopsy. Therefore, combined pathological and
radiological findings led to diagnoses of 13 meningiomas, 3
pituitary adenomas including a case of GH (growth
hormone)-secreting adenoma, 3 craniopharyngiomas, 1
schwannoma, 1 hemangioblastoma, and 1 cavernous
hemangioma.

All patients were evaluated by clinical examination and
imaging studies before radiosurgery. Baseline evaluation of
visual acuity and field testing with Snellen chart and kinetic
quantitative perimetry were done, and 16 (73%) of the 22

patients were found to have visual disturbance. Serum
hormone levels were also measured in patients with pitui-
tary adenomas. All pituitary hormone levels were found to
be normal, with the exception of elevated GH in the
patient with a GH-secreting adenoma.

Radiosurgery was performed with the usual technique
using Leksell Gamma Knife, except multisession irradiation.
On the morning of the first day of multisession GKRS,
Leksell stereotactic frame fixation was performed for
planning radiosurgery. The dose planning method was
similar to usual single-session radiosurgery, except for the
prescribed dose, which was adjusted considering the dose
to the optic apparatus and number of fractions. The decision
of total dose, dose per session, and number of fractions
was based on the previously widespread knowledge of
optic nerve tolerance to single-session radiosurgery and
experiences treating other cranial nerves including anterior
optic pathways with multisession radiosurgery1,8). In any
given session, we tried not to exceed 8 Gy of radiation to
any portion of the anterior visual pathway. Radiation was
delivered in 3 to 4 sessions, with an average target volume
of 4130.9 mm3 (range, 396.5 mm3-16400 mm3), using a
cumulative median marginal dose of 20 Gy (range, 15.0-
20.0 Gy). Prescription dose was usually 50% (range,
46%-50%). Twenty-one patients were treated in 4
sessions, and one patient was treated in 3 sessions.
Individual sessions were separated by 12-hour intervals in
the 4-session cases and 24-hour intervals in the 3-session
case. Dexamethasone (5 mg per 6 hours) was administered
during the whole sessions. Through the treatment, the
patients stayed in hospital for 3 to 4 days. The accuracy of
stereotaxy was checked before the last session with MRI,
and the mean inter-fractional displacement error was
found to be 0.19 mm (range, 0-0.56 mm) (Table 1).

Formal visual tests with Snellen chart and kinetic quan-
titative perimetry were performed in 16 patients, with
physical examination for visual function in all patients.
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Fig. 1. A 35-year-old female patient with left intraorbital schwannoma underwent multisession gamma knife radiosurgery (GKRS) (20 Gy in 4
fractions). Magnetic resonance images before (A) and 10 months after GKRS (B) show decrease in tumor size. Visual acuity improved from 0.1 to
1.0. Visual field examination shows large field defect before treatment (C) and only a small blind spot 10 months after treatment (D).  
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Table 1. Characteristics of 22 patients in this series

Characteristics Values

Gender, no.

Male 9

Female 13

Age (yr)

Mean 46

Range 27-77

Previous surgery, no. (%)                                         

Yes 14 (64)

No 8 (36)

Tumor type

Meningioma 13

Pituitary adenoma 3

Craniopharyngioma 3

Schwannoma 1

Hemangioblastoma 1

Cavernous hemangioma 1

Mean tumor volume (mm³)      3996.0 mm³(308.8-11352.9 mm³)

Mean cumulative marginal dose (Gy) 19 Gy (15-20 Gy)

Number of treatment sessions

4 21

3 1

Mean inter-fractional error 0.19 mm

(mm, √Δx2+Δy2+Δz2) (0-0.56 mm)



RESULTS   

Mean follow-up period was 29 months (range, 14-44
months). The tumor volume decreased in 17 (77%) patients
and remained stable in 4 (18%) patients at the last follow-up
MRI scan (Table 2). Therefore, control of tumor growth
was achieved in 21 (96%) patients. In 7 patients with
available digital tumor volumetry data, the tumor volume
decreased from a mean of 4694.0 mm3 at the time of
GKRS to 3857.2 mm3 at last follow-up. One patient with
craniopharyngioma experienced progressive tumor growth
with visual deterioration and underwent two additional
open surgical resections.

Seven of 12 patients with markedly impaired visual
function before treatment improved in visual acuity and/or
visual field defect (a representative case is shown in Fig. 1),
and 5 patients remained stable. There was no change of
visual function in 9 (41%) patients in whom the lesions did
not significantly affect visual function before treatment.
Therefore, preservation of visual function was achieved in
21 patients (96%). One patient experienced deterioration of
visual acuity and visual field due to tumor growth (Table 2).

Elevated GH level in a patient with McCune-Albright
syndrome (combination of GH-secreting pituitary adenoma,
fibrous dysplasia, and multinodular thyroid goiter) was
normalized at 23 months after multisession GKRS, accom-
panied by a decrease in tumor volume (Fig. 2). There was
no permanent complication or morbidity related to GKRS.

DISCUSSION

Common strategies for managing benign tumors in close
proximity to the optic nerves and optic chiasm include
microsurgery, radiotherapy, or a combination of micro-
surgery and subsequent irradiation. One of the most
important considerations in the treatment of perioptic
lesions is effective disease control with preservation of visual
function. Open microsurgical resection with decompression
of the optic pathways is currently considered the first line
treatment option in most cases. Frequently, surgical treatment
may not be safe or effective, in spite of recent advances in
imaging modalities and operative techniques. Additionally,
some patients are not suitable for surgical treatment for other
reasons (i.e. old age, poor general medical condition, fear of
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Table 2. Treatment results in 22 patients

Characteristics Values

Mean follow-up 29 months (14-44 months)

Visual acuity and field defect No. of patients (%)

Improved 7 (31.8)

Unchanged 14 (63.6)

Worsened 1 (4.6)

Tumor size                                            

Meningioma                                                   

Decreased 12

Stable 1

Pituitary adenoma                                               

Decreased 2

Stable 1

Craniopharyngioma                                              

Decreased 1

Stable 1

Increased 1

Schwannoma                                                   

Decreased 1

Hemangioblastoma                                              

Stable 1

Cavernous hemangioma                                           

Decreased 1

Change in mean tumor volume 

in 7 patients by digital volumetry

Pre-GKRS                                      4694.0 mm³(553.1-18600 mm³)

Post-GKRS                                   3857.2 mm³(345.4-17200 mm³)

GKRS : gamma knife radiosurgery
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Fig. 2. A 39-year-old female patient with McCune-Albright syndrome
(pituitary adenoma, fibrous dysplasia, and multinodular thyroid goiter)
underwent multisession gamma knife radiosurgery (GKRS)  (20 Gy in 4
fractions). Magnetic resonance images before (A) and 23 months after
GKRS (B) reveal tumor shrinkage. The patient’s growth hormone (GH)
levels were followed over the course of treatment. The graph (C) shows
continually decreasing levels, finally approaching normal range without
medical treatment.

A B

C



J Korean Neurosurg Soc 44｜August 2008

70

surgery, etc.).
The common second option for patients not eligible for

surgery or those with incomplete surgical resection is
conventional fractionated radiation therapy. Though
fractionated radiation therapy may be safer than radical
surgery, radiation therapy also has some intrinsic limitations.
Even with sophisticated dose planning methods, the adjacent
normal structures like the optic nerves and optic chiasm
cannot escape from the irradiation margin due to set-up
inaccuracy and may be exposed beyond the tolerance dose3).
Dose per fraction and total dose should be compromised to
fall between the risk of long-term complications and proba-
bility of tumor control. Radios-urgery has the advantage of
better spatial accuracy compared to fractionated radiotherapy,
and the biological equivalent dose of high single-dose
radiosurgery may permissibly exceed that of the total dose
given by conventional fractionated radiotherapy. As a result,
tumor control after fractionated radiotherapy, as measured
by tumor shrinkage, has been reported in 67%-100% of
patients, figures which are not as good as those seen in
radiosurgery (80%-98% tumor control)2). Functional
normalization after fractionated radiotherapy in patients
with pituitary adenomas is not as rapid as in patients
undergoing radiosurgery5).

Traditional single-session radiosurgery can not always be
recommended in perioptic lesions because it may be
difficult to deliver an effective dose to the lesion while
maintaining a dose to the optic apparatus that is low enough
to guarantee safety. When the distance between the tumor
and the antrior visual pathways is less than 2 or 3 mm, the
optic apparatus easily receives more than 10 Gy in single
session radiosurgery, and it is usual that radiosurgery is not
recommended1).

Multisession radiosurgery aims at integrating the advantages
of conventional fractionation radiotherapy (i.e. increased
therapeutic index resulting from the different response to
fractionated irradiation between normal tissue and tumor)
and single-session radiosurgery (i.e. excellent accuracy and
conformality). Adler et al.1) suggested that high accuracy
irradiation may take advantage of “volume effect” (i.e.
irradiation tolerance inversely proportional to the length of
irradiated nerve), which permits larger doses to be delivered
each session, without increasing the rate of complications.
The larger dose per session results in a higher biological
equivalent dose. A total dose of 20 Gy in 4 fractions can be
converted into 140 Gy of biological equivalent dose with
assumption of α/β=2 and 36 Gy with α/β=10. Though
optimal dose and number of fractions are not certain because
we do not know exact α/βratio in real situation, greater
tumor control without increasing accumulated dose to optic

apparatus compared to the previous standard radiation
therapy can be expected with this approach.

In this study, we evaluated tumor control and preservation
of visual function during a follow-up period exceeding 2
years, and the outcome was favorable in the majority of the
patients. Only one patients experienced visual deterioration
from progression of the primary tumor. It is widely known
that a small number of patients experience the improvement
of their impaired visual function after radiosurgery, but in
this study we observed high rate of visual function impr-
ovement. Considering that the visual symptoms of radiation
injury usually occur within the first 2 years after treatment4),
our results suggest that the procedure is safe, although there
is a small chance of delayed visual deterioration seen in
much longer follow-up periods.

Gamma knife has traditionally been used for the single
session irradiation procedure because of the inconvenience
of stereotactic frame fixation. In our series, multisession
GKRS over three days was tolerable to all patients. In addition
to relative safety and intermediate-term efficacy in the
management of perioptic lesions, the multisession GKRS
allows for a shortened treatment period and resultant cost-
benefit. The treatment period shortens from 5-6 weeks
with conventional fractionation radiotherapy to a half week
with multisession GKRS. There are other systems that enable
multisession radiosurgery, and discomfort with the stereo-
tactic frame fixation may be a disadvantage of gamma knife
treatment. Conversely, advantages of gamma knife treatment
compared to other instruments include minimal inter-
fractional displacement error and higher cumulative energy
delivered to the target with the same marginal dose due to
usual dose prescription at 50% isodose instead of 80%
commonly used in radiosurgery with linear accelerator. 

This preliminary study is not a prospective controlled
trial, and it is too early to generalize these results. Also,
comparison of outcomes with low dose single session
radiosurgery is needed. More comparative studies with
longer follow-up periods are needed to address the optimal
dose per fraction, number of fractions, and final conclusion
about the usefulness of this strategy. Construction of ideal
model that determines the prescription dose with relation
to dose per fraction, irradiation interval, and alpha-beta
values of normal and tumor tissues, is another task to settle.
More analysis about biological equivalent dose and accom-
panied adverse effects of accumulated shuttle dose of
gamma knife with fractionation should be carried out.
Despite these remaining uncertainties, multisession GKRS
deserves to be considered as a effective method to increase
the probability of tumor control and concomitant preserva-
tion of visual function.



CONCLUSION

In conclusion, multisession GKRS is a tolerable procedure
with highly reliable precision and effectiveness and a low
risk of visual deterioration for benign perioptic lesions.
Multisession GKRS also has the advantage of shorter
treatment time and lower cost. Long-term prospective
studies with a large number of patients, comparing stand-
ard fractionation radiotherapy and low dose single session
radiosurgery, are warranted to completely validate the
procedure.
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