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Case Report

Introduction

Choroidal melanoma is currently widely treated with episcleral 
ophthalmic plaque radiation therapy. Stallard first used low-
dose-rate solid cobalt-60, which evolved into Packer’s low-dose-
rate iodine-125 seeds in gold-eye plaques.1–3 The latter was 
unidirectional into the eye and also comprised a lower level of 
energy. This improved the safety of the procedure by reducing 
radiation exposure to patients, clinicians, and health care 
personnel.

In 1991, an even lower energy seed, palladium-103, 
became commercially available for the treatment of cancer.4 
Palladium-103 seeds were the same size as iodine-125 seeds 
and, therefore, easy to use in gold-eye plaques. In addition, 
comparative dosimetry and clinical studies both showed that 
the lower energy palladium-103 reduced radiation exposure 
to most critical intraocular structures.1–5

In Europe and Russia, the dual beta-radiation plaque sources 
ruthenium-106/rhodium-106 and strontium-90/yttrium-90 were 
commercialized.6–12 The ruthenium-106/rhodium-106 plaques 
were multiday low dose rate, while the British strontium-90/
yttrium-90 high-dose-rate sources were radiosimilar to the  
singular isotope yttrium-90 disc source described in the current 
case study.13–15 A key difference, however, was that the previ-
ous dual-isotope high-dose-rate strontium-90/yttrium-90 source 
was embedded at the distal end of a steel shaft, in contrast to the 
Liberty Vision yttrium-90 disc (Liberty Vision Corp), which is 
more like a seed and can be inserted into a clinical applicator. 

This allows additional capabilities for radiation localization and 
protection.

Monte-Carlo medical physics calculations showed that with 
the yttrium-90 disc located on the sclera posterior to the globe, 
only 12.0 mm of ocular tissue (sclera, choroid, retina, and vitre-
ous) absorbed the yttrium-90 beta irradiation.14,15 Similarly, 
posterior to the source, there was a mean 0.75 mm of plastic, 
and a similar depth of orbital fat absorbed radiation in that 
direction. The dose lateral to the yttrium-90 disc exhibited a 
more acute drop-off as a result of yttrium-90 disc anisotropy 
and its surrounding radiation-absorbing plastic (Figure 1).15

Radiation safety was one of the most important aspects of 
this treatment. A formal study was therefore performed using 
the radiation principle of “as low as reasonably achievable,” 
and the methods of treatment used in the study were found to be 
safe for the patient, surgeon, and operating room personnel.14

A review of the literature found that beta radiation has long 
been widely used in the treatment of ophthalmic tumors and 
benign growths, including choroidal melanoma, retinoblas-
toma, choroidal metastasis, conjunctival squamous carcinoma, 
and conjunctival melanoma. Beta radiation has also been used 
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Purpose: To describe the first use of high-dose-rate yttrium-90 disc brachytherapy for choroidal melanoma. Methods: A 
72-year-old patient had a cT1-category choroidal melanoma characterized by the presence of orange pigment, increasing 
subretinal fluid (SRF), and enlarging tumor thickness. It was treated with single-session, light-guided, light-defined yttrium-90-disc 
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treatment improved radiation safety by eliminating perioperative exposure to health care personnel, the community, and the 
family. At the 13-month follow-up, the SRF and tumor thickness were diminished. There was no secondary cataract, radiation 
retinopathy, maculopathy, or optic neuropathy, and the visual acuity was 20/20. Conclusions: Yttrium-90 brachytherapy allowed 
for single-surgery, minimally invasive, outpatient irradiation of a choroidal melanoma.
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in the treatment of benign tumors, such as choroidal hemangi-
oma and retinal angioma, neovascular macular degeneration, 
eccentric disciform degeneration, and polypoidal choroidal 
vasculopathy.16–29

The most common and extensively cited ophthalmic use was 
high-dose-rate strontium-90/yttrium-90 to prevent pterygium-
related episcleral fibrovascular growths.30 However, clinical 
studies have described the use of high-dose-rate strontium-90/
yttrium-90 to reduce the risk for trabeculectomy failure  
compared with either 5-fluorouracil or mitomycin, particularly 
for high-risk congenital and darkly pigmented eyes.31–37 For 
use in other organs, systemic yttrium-90 has been incorpo-
rated into microspheres that are widely used for transarterial 

radioembolization of primary and metastatic cancers.38–40 This 
paper presents a case of an American Joint Committee on 
Cancer (AJCC)–classified cT1a-category choroidal melanoma 
treated with high-dose-rate yttrium-90 brachytherapy.

Case Report

A 72-year-old patient was clinically diagnosed with an AJCC 8th 
edition cT1a-category posterior choroidal melanoma based on 
the presence of orange pigment, overlying exudative sub retinal 
fluid (SRF), and enlarging tumor thickness (Figure 2). Ultra-
sound imaging showed a maximum tumor thickness of 1.3 mm 
and basal diameters of 4.1 mm and 2.9 mm. The underlying 
scleral thickness was 0.3 mm. After a discussion of the potential 
risks and benefits of continued observation or plaque brachy-
therapy (eg, iodine-125, palladium-103, yttrium-90), the patient 
requested high-dose-rate yttrium-90 plaque brachytherapy. 
Specifically, the patient noted that in consideration of his heart, 
lung, and kidney disease, he preferred a single-session radiation 
surgery. Once total-body positron emission tomography/com-
puted tomography proved negative for metastatic melanoma or 
second nonocular cancer, the surgery was performed.41

The assembly of the Liberty Vision yttrium-90 disc–iWand P 
device, radiation safety testing, and low-dose-rate to high-dose-
rate dose conversion have been described.14 In this case, low-
dose-rate to high-dose-rate dose conversion and US National 
Institute of Standards and Technology–traceable yttrium-90 
disc calibration were performed. For treatment, this patient’s 
yttrium-90 disc activity was 15.48 mCi, and its diameter was 
6.0 mm. The tumor’s apex (1.6 mm from episclera) was treated 
to a high-dose-rate 30 Gy (85 Gy low-dose-rate equivalent 

Figure 1. Radiation fields anterior, posterior, and lateral to the 
yttrium-90 disc are shown. The inset values were calculated from 
Rivard et al.15 (Illustration by Toby S. Welles.)

Figure 2. (Top left) Fundus photograph (before yttrium-90 high-dose-rate brachytherapy) shows a small inferior choroidal melanoma with 
orange pigment lipofuscin (arrow). (Top middle) A 3-dimensional optical coherence tomography cross-section of the tumor shows subretinal 
fluid (SRF) over its apex. (Top right) A midphase fluorescein angiogram shows focal hyperfluorescence corresponding to the previously 
noted SRF. (Bottom) Early resolution of the orange pigment (left), SRF (middle), and minimally decreased fluorescein hyperfluorescence  
13 months after yttrium-90 high-dose-rate brachytherapy.
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biologic effective dose). To achieve that dose, the duration of 
episcleral application was 3 minutes 39 seconds.14

Access to the orbit, posterior to the globe and thus the 
episcleral target for iWand P application, required a minor 
conjunctival incision and opening of Tenon fascia. A dummy 
(nonradioactive) iWand P applicator was inserted so that its 4 
lights were seen surrounding the tumor (Figure 3), showing an 
unobstructed pathway to normal high-dose-rate yttrium-90 
disc plaque positioning. Specifically, in this case, no rectus  
or oblique muscle insertion, episcleral scarring, or fascia 
obstructed passage of the thin, loaded applicator tip. Once the 
dummy applicator was removed, the yttrium-90 disc-loaded 
iWand P applicator was inserted in the same location. The 4 
applicator lights were again used to guide the 6.0 mm diame-
ter source into place and maintain it in its therapeutic position 
(subjacent to the tumor) during treatment (Figure 3). Imme-
diately after irradiation, the device was removed from the eye 
and placed into a shielded container. The conjunctiva was 
closed with a running 7-0 polyglactin suture.

There were no acute surgical complications and, according to 
protocol, the patient was monitored on postoperative day 1 and 
then 1, 3, 6, and 13 months after treatment. At the last follow-up, 
there was slightly decreased orange pigment and apical SRF, 
while the tumor height had decreased to 1.0 mm. In addition, 

there were no signs of radiation cataract, retinopathy, or optic 
neuropathy. The patient’s visual acuity remained 20/20 (Figure 2), 
with no long-term surgical or radiation complications related to 
the application of this high-dose-rate yttrium-90 system.

Conclusions

The US Food and Drug Administration approved the Liberty 
Vision yttrium-90 disc beta-radiation source for clinical use as 
a strontium-90/yttrium-90 radiosimilar.13 For use in treatment, 
it was affixed within an iWand P handheld applicator, whose 
function also includes 4 disc-surrounding lights used to guide 
the disc into position and ensure tumor targeting (Figure 3).  
In contrast to low-dose-rate plaque therapy, yttrium-90 high-
dose-rate treatment allowed for a single, minimally invasive 
surgery that did not require indirect transillumination or  
ultrasonographic confirmation of the plaque position. The 
yttrium-90 disc was removed after minutes of treatment and 
thus did not require leaving the hospital with a radioactive 
device sewn to the eye. This eliminated the chance of post-
surgical hospital and community radiation exposure. Having 
insertion and removal in a single session eliminated the need 
for a second surgery and its anesthesia-related risk (Figure 4). 
In the current case, with 13 months of follow-up, there have 
been no radiation complications.

Beta irradiation has been used in ophthalmology for more 
than 70 years. The previous beta sources have specific disad-
vantages compared with the high-dose-rate yttrium-90 system 
described in this case report. The previous sources are neither 
light-guided to the target nor light-defined during treatment, 

Figure 3. (Top) Lighted nodes on the anterior surface of the 
iWand P. (Bottom) Lighted nodes in place around the choroidal 
melanoma. Placement position of the yttrium-90 disc was  
ensured. (Illustration by Toby S. Welles.)

Figure 4. High-dose-rate vs low-dose rate brachytherapy for 
choroidal melanoma.
Abbreviations: 103Pd, palladium-103; 106Ru, ruthenium-106; 125I, iodine-125; 
90Sr, strontium-90; 90Y, yttrium-90. Community, outpatient community 
radiation exposure; Distance rule, the distance a patient is required to stay 
away from others as an outpatient; Distancing rule, >3 feet away from others 
required in New York State for 125I and 103Pd, in-patient hospitalization for 
106Ru; HDR, high-dose rate; LDR, low-dose rate.



Finger 213

and although both are unshielded, several seconds were 
required to place the high-dose-rate yttrium-90 device vs the 
minutes required for placement and suturing of a low-dose-rate 
plaque (Figure 4).

Missotten et al11 used a custom-made high-dose-rate stron-
tium-90/yttrium-90 plaque to treat 46 choroidal melanomas. To 
do so, they modified an epibulbar SIAQ 7321 device applicator 
(Amersham Corp) containing 370 MBq (10 mCi) of stron-
tium-90/yttrium-90 on the concave side shielded by 0.1 mm  
of platinum. The 16.0 mm radioactive disc element consisted  
of a 12.0 mm diameter central active surface surrounded by a 
2.0 mm rim of inactive casing. The liberated strontium-90/
yttrium-90 disc was then attached within an 18.5 mm ring to 
allow episcleral suturing. Thirteen of the 46 melanomas were 
larger than 10.0 mm in diameter, and 14 were larger than  
4.0 mm in apical height. Missotten et al’s11 high-dose-rate 
strontium-90/yttrium-90 treatments lasted 2 to 4 hours; there 
were 11 multiple radiation applications, and 7 tumors received 
additional xenon-arc photocoagulation. Despite using an  
18.5 mm diameter plaque with a 12.0 mm central zone of 
activity, they were able to achieve a 93% local control rate. In 
contrast to the strontium-90/yttrium-90 high-dose-rate plaque, 
the yttrium-90 high-dose-rate disc–iWand P system used in this 
case was surrounded by guiding and radiation-defining lights 
and required minutes compared with hours of treatment. 
Exposure to radiation associated with plaque suturing during 
placement was also eliminated. Both methods comprised single-
session, high-dose-rate brachytherapy treatments.

In conclusion, this case shows that single-session, high-dose-
rate yttrium-90 surgical irradiation is feasible to treat choroidal 
melanoma.
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