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Fig. 1. Patient setup wearing a head mount display (HMD)
with a CCD camera in a treatment position.
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Fig. 2. Patient’s eye through the CCD camera and the given
reference point.



oetzcl: M 18 & M1 & 2007

Reference point

.

Fig. 3. Scheme for the system to fix
and monitor eye by a head mount
display (HMD) with a CCD camera:
using translucent mirror, patient can
see the given reference point on the
screen of HMD and, at the same
time, the motion of eye can be
monitored through the CCD camera
attached to HMD.

Head mount display (HMD)
With CCD camera
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Fig. 4. Image coordinator system: reference point coordinator (cmy).
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Agdet. HHEE = A Al A" s Al 23k o
ALoll & o] A= J]=A w7k o 2163 o Eyeball movement  Standard
Ooﬂ 1 E :] ]L. 7] pu "] “’]’ \iﬂ-i B]-‘J—o 2*—-‘113 (average) deviation
- o Volunteer 1 X 0.1 0.1
Table 1. Setup reproducibility for four volunteers: verifica- y 0.1 0.2
tion of reference point coordinator (cm). Distance 0.2 0.2
Volunteer 2 X 0.1 0.1
1% setup 2 setup 3" setup y 01 0.1
Distance 01 0.1
X y X y X y Volunteer 3 X 01 02
y 0.2 0.1
Volunteer 1 397 323 397 324 397 324 Distance 0.2 0.3
Volunteer 2 381 3.02 379 301 379 3.02 Volunteer 4 X 0.2 0.3
Volunteer 3 397 315 397 315 397 314 y 0.2 04
Volunteer 4 397 354 396 356 396 356 Distance 04 05
5 seconds 45 seconds

Fig. 5. Analysis of eyeball movement.

Planning CT

25 seconds

Before 1" TX

Before 2™ TX

Fig. 6. Motion of patient lens.
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Clinical Implementation of an Eye Fixing and Monitoring
System with Head Mount Display

Young Eun Ko*, Seoung Ho Park’, Byong Yong Yi', Seung Do Ahn”, Sangwook Lim®,
Sang-wook Lee', Seong Soo Shin', Jong Hoon Kim™, Eun Kyung Choi®, Young Ju Noh*

*Department of Radiation Oncology, Ulsan University Hospital, College of Medicine University of Ulsan,
Uisan, TDepartment of Radiation Oncology, Asan Medical Center,
College of Medicine University of Ulsan, Seoul,
TDepartment of Radiation Oncology, University of Maryland School of Medicine,
Maryland, USA, §Depar’[ment of Radiation Oncology,
Kosin Univeristy Gospel Hospital, Busan, Korea

A system to non-invasively fix and monitor eye by a head mounted display (HMD) with a CCD camera for
stereotactic radiotherapy (SRS) of uveal melanoma has been developed and implemented clinically. The eye
fixing and monitoring system consists of a HMD showing patient a screen for fixing eyeball, a CCD camera
monitoring patient’s eyeball, and an immobilization mask. At first, patient's head was immobilized with a
mask. Then, patient was instructed to wear HMD, to which CCD camera was attached, on the mask and
see the given reference point on its screen. While patient stared at the given point in order to fix eyeball, the
camera monitored its motion. Four volunteers and one patient of uveal melanoma for SRS came into this
study. For the volunteers, setup errors and the motion of eyeball were analyzed. For the patient, CT scans
were performed, with patient's wearing HMD and fixing the eye to the given point. To treat patient under the
same condition, daily CT scans were also performed before every treaiment and the motion of lens was
compared to the planning CT. Setup errors for four volunteers were within 1 mm and the motion of eyeball
was fixed within the clinically acceptable ranges. For the patient with uveal melanoma, the motion of lens
was fixed within 2 mm from daily CT scans. An eye fixing and monitoring system allowed immobilizing patient
as well as monitoring eyeball and was successfully implemented in the treatment of uveal melanoma for
SRS.

Key Words: Uveal melanoma, Stereotactic radiotherapy, Eye fixing and monitoring system



