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Abstract

Introduction: Fractionated stereotactic radiosurgery (fSRS) is an effective definitive treatment for optic nerve
(ON) tumors. It is controversial whether treatment to the ON requires attention to the position of the eye as some
consider the movement to be negligible. We investigated in four patients to establish whether there is clinically
significant displacement of the ON as the globe moves and the effect this may have on target coverage in fSRS
treatments.

Method: Four patients receiving radiotherapy treatment to the skull and requiring cone beam computed
tomography (CBCT) matching were asked to look in different directions as routine CBCT were obtained. An fSRS
plan was created, treating the ON with the patient looking straight ahead. The displacement of the ON from straight
was measured, with the patient looking fully left or right, the DVH of the optic nerve in the three locations was
compared.

Results: The data collected showed that there could be a significant difference in optic nerve position as the
patient’s gaze changed. The DVH showed that the PTV coverage was affected as the patient moved their gaze
either left or right by up to 9% (95%CI is from -15% to -3%, p=0.012).

Conclusion: As a result of our study we recommend cooperative patients receive some training to ensure that
optic nerve positioning is maintained throughout simulation and treatment.
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Introduction
Fractionated stereotactic radiosurgery (fSRS) is an effective

definitive treatment for optic nerve (ON) tumors such as ON glioma
and ON sheath meningioma’s. It is crucial to the success of the
treatment that the patient is sufficiently stabilized in simulation and
then throughout treatment. It is controversial whether treatment to the
ON requires attention to the position of the eye, as some consider the
movement to be negligible. We wondered whether patients can
unintentionally affect coverage of their optic nerve by altering their
gaze during treatment.

We investigated in four patients to establish whether there is
clinically significant displacement of the ON as the globe moves, and
the effect this may have on target coverage in stereotactic radiosurgery
treatments of the ON.

Method
Four randomly selected patients, with full movement of their globes,

receiving treatment to the skull at the Mater in 2015 were asked to
keep their gaze in the neutral position or straight as their simulation

computed tomography (CT) was obtained. When scheduled cone
beam computed tomography (CBCT) scans were conducted, the
patients were asked to look fully to their left for one scan, and fully to
the right for the next. All data sets were imported into Varian Eclipse
for planning. Each patient then had three CT data sets. The three CT
data sets for each patient were fused so that the position of the ONs at
the three eye positions could be compared. The position of the ON as
the patient’s gaze was neutral or straight was used to create a clinical
target volume (CTV) as per ICRU 52/60 [1]. As this was a retrospective
study using patients not necessarily for treatment for optic glioma or
ON sheath meningioma, a gross tumor volume (GTV) could not be
volumed. A fSRS treatment with a prescription of 50.4 Gy in 28
fractions was planned with Eclipse’s Rapid Arc using two full arcs. All
plans were considered clinically acceptable according to guidelines
outlined by the British Neuro-Oncology Society [2]. Both ONs of all
four patients as they looked fully to the right or fully to the left were
also contoured and volumes calculated. Measurement points were
created at the proximal, middle and distal points along the length of
each optic nerve (Figure 1) in each of the positions – neutral, globe
looking fully to left and fully to right, for both optic nerves of all four
patients, a total of four by two by nine, that is, 72 data points for
significance analysis. Using the straight ON as a baseline, the
displacement of the points from this to those of the deviated nerves
were measured and recorded.
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Figure 1: Optic nerve structures and measurement points. The
yellow optic nerves are as the patient looks straight, pink optic
nerves are as the patients looks right, and light green is the optic
nerves are the patients looks left. The red objects are distal
measurement points, green are mid-length measurement points,
and blue are proximal measurement points.

According to ICRU 50/62 protocol, the minimum acceptable dose
coverage of the PTV is 95%. A dose volume histogram (DVH) was
used to compare the percentage of the ON covered by the 95% isodose
volume of prescribed dose with eye in different positions (Figure 2). A
mixed linear model was used to estimate the average percentage of the
95% isodose line that the ON received when the gaze was left, straight
or right, with straight assumed to be the reference. The linear mixed
model allows adjustment for the correlation between the various

volumes coverage taken from the same individual. No other covariates
were included in the analysis to avoid over-fitting the model due to the
limited sample size [3-6].

Figure 2: Dose volume histogram displaying the right optic nerves
with the patient looking right (pink), left (green) and straight
(yellow).

Results
Table 1 shows the displacement of the right optic nerves by

comparing points along its length using the ON when the patient is
looking straight as a baseline. The largest displacement was seen in
patient B when their gaze was to the left. At the distal measurement
point (the point closest to the globe) there was a lateral displacement of
6 mm. For most patients, there was small or no displacement of the
right ON at the proximal measurement point. Table 2 displays the
displacement of the left optic nerves. Again, patient B had the largest
displacement of 6 mm as their gaze was to the left. Patient A also had a
6 mm displacement of the left ON when looking to the right.

Patient Distal
looking left
(mm)

Mid

looking left
(mm)

Proximal looking
left (mm)

Baseline=Optic Nerve
looking Straight

Distal looking
right (mm)

Mid

looking right
(mm)

Proximal looking
right (mm)

A -2 -1 -1 0 mm displacement 4 2 0.5

B -6 -3 0 0 mm displacement 3 1 0

C -2 -1 0 0 mm displacement 4 1 0

D -1 -1 0 0 mm displacement 1 1 1

Table 1: Displacement of right optic nerves (in mm).

Patient Distal
looking left
(mm)

Mid looking
left (mm)

Proximal looking
left (mm)

Baseline=Optic Nerve
looking Straight

Distal looking
right (mm)

Mid looking
right (mm)

Proximal looking
right (mm)

A -1.5 -1 0 0 mm displacement 6 1 0

B -6 -3 -1 0 mm displacement 3 3 0

C -3 -1 0 0 mm displacement 3 1 0

D 0 -1 -2 0 mm displacement 2 2 1

Table 2: Displacement of left optic nerves (in mm).

The DVH was used to calculate the percentage of the optic nerve
receiving 95% isodose coverage as the patient looked straight, left and

right. Table 3 shows the percentage of the right optic nerves receiving
coverage by the 95% isodose volume. As per protocol, 100% of the
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right optic nerves were covered by 95% of the prescribed dose on the
CT data sets with the patients looking straight. As little as 68.1% of
patient B’s right optic nerve received 95% coverage. Table 4 shows the
coverage of the left optic nerves.

Compared to the straight ON which received 100% coverage for all
plans, there is an average coverage reduction of 9% (95%CI is from
-15% to -3%, p=0.012) when the ON is looking left while when the ON
is looking right the coverage is reduced by 7% (95%CI is from -14% to
-1.5%, p=0.028).

Patient Looking Left Looking Straight Looking Right

A 92.7 100 92.7

B 68.1 100 93.5

C 99 100 82.3

D 100 100 100

Table 3: Coverage of the right optic nerves (in percent) by 95% of the
prescribed dose.

Patient Looking Left Looking Straight Looking Right

A 99.7 100 92.7

B 32.1 100 85.8

C 36.4 100 92.7

D 100 100 99

Table 4: Coverage of the left optic nerves (in percent) by 95% of the
prescribed dose.

Conclusion
There is controversy around whether extra effort can or should be

made to ensure stability of globe and ON stability as some consider the
movement to be negligible. The results obtained from our study show
that there can be significant displacement of the optic nerve as the
patient changes their gaze. This may lead to an under dosage. The
extent of the displacement is patient dependent.

In our opinion patients do need to be asked to look ahead in neutral
gaze during beam-on time. There may be additional benefit in asking
the patient to keep their eyes closed, as they are then not distracted by
the movement of the treatment machine or items in the treatment
bunker.
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