Swept-source optical coherence tomography angiography
in diagnosing radiation retinopathy after choroidal melanoma
plague brachytherapy

Angiografia optycznej koherentnej tomografii typu swept-source w diagnostyce
retinopatii popromiennej po brachyterapii czerniaka naczyniéwki

Magdalena Kal?, Michat Brzdek?? “&¥, Aleksandra Styputa-Wypchto!, Dorota Zarebska-Michaluk??

!Ophthalmic Clinic, Voivodeship Hospital, Kielce, Poland
2Collegium Medicum, Jan Kochanowski University, Kielce, Poland
*Department of Infectious Diseases, Jan Kochanowski University, Kielce, Poland

Medical Studies/Studia Medyczne 2025; 41 (1): 38-44
DOI: https://doi.org/10.5114/ms.2024.145410

Key words: optical coherence tomography angiography, choroidal melanoma, radiation retinopathy, plaque brachytherapy.

Stowa kluczowe: angiografia optycznej koherentnej tomografii, czerniak naczyniéwki, retinopatia popromienna,
ptytkowa brachyterapia.

Abstract

Radiation retinopathy is ischaemic damage to the retina and choroid following brachytherapy of intraocular tumours and
head and neck tumours. It can lead to vision loss in patients treated with radiation due to choroidal melanoma. Patients fol-
lowing this type of treatment should be systematically monitored for tumour recurrence, metastases, and ischaemic radia-
tion retinopathy. Follow-up should include a fundus examination and additional tests such as optical coherence tomography
angiography (OCTA), fluorescein angiography (FA), and B-scan ultrasonography. OCTA proves to be a valuable diagnostic
tool for early detection and treatment of radiation retinopathy, offering detailed vascular maps and effectively identifying
radiation retinopathy features, complementing traditional methods like fluorescein angiography.

Streszczenie

Retinopatia popromienna jest niedokrwiennym uszkodzeniem siatkéwki i naczyniéwki w nastepstwie brachyterapii guzéw
wewnatrzgatkowych oraz guzéw glowy i szyi. Moze ona prowadzi¢ do utraty wzroku u pacjentéw naswietlanych z powodu
czerniaka naczyniéwki. Pacjenci po przebytym leczeniu tego typu powinni by¢ systematycznie monitorowani w kierunku
wznowy nowotworu, przerzutéw i niedokrwiennej retinopatii popromiennej. Kontrola powinna obejmowac¢ badanie dna
oka oraz badania dodatkowe, takie jak angiografia optycznej koherentnej tomografii, angiografia fluoresceinowa oraz ultra-
sonografia B-skanéw. OCTA okazuje si¢ cennym narzedziem diagnostycznym do wczesnego wykrywania i leczenia retino-
patii popromiennej. Oferuje szczegélowe mapy naczyn i skutecznie identyfikuje jej cechy, uzupelniajac tradycyjne metody,
takie jak angiografia fluoresceinowa.

Introduction

Uveal melanoma (UM) is the most common prima-
ry intraocular malignancy in adults. Ninety per cent
of melanoma cases are localised in the choroid, while
the remainder are located in the ciliary body (6%) and
iris (4%) [1-3]. The Collaborative Ocular Melanoma
Study (COMS) concluded that UM should be treated
with sparing therapies rather than ocular enucleation
to improve quality of life. These therapies include pro-
ton beam radiotherapy, plaque brachytherapy (PBT),
stereotactic radiotherapy (SR), and radiosurgery [4].

Despite the above-mentioned treatment, 50% of pa-
tients with UM develop metastases, most commonly
via haematogenous spread. In 90% of cases, metastases
occur in the liver [3].

UM usually develops unilaterally, in patients be-
tween the ages of 50 and 70 years. Its incidence ranges
from 2 to 8 per million in Europe and 5 people per
million in the United States [5-7]. Patients with UM
may have visual abnormalities such as blurred vision
and visual field loss, but 30% have no symptoms, and
the tumour is detected incidentally during fundus ex-
amination with slit lamp and indirect ophthalmoscopy
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Figure 1. UM of the RE in a 58-year-old patient treated
with 106 Ru brachytherapy in 2019. A partially amelanotic
intraocular tumour, located peripherally in the inferior part
of the fundus, was detected by accident (author’s archive)

Figure 3. The USG B image of CM in a 58-year-old patient
treated with 106 Ru brachytherapy in 2019 (tumour dimen-
sions: base 10.01 mm, height 2.82 mm). Condition before
brachytherapy (author’s archive)

[7, 8]. Tests helpful in the diagnosis of UM are ultrabio-
microscopy (UBM), B-scan ultrasonography (B-scan ul-
trasound), and optical coherence tomography (OCT) [9].

The most popular current treatment for this condi-
tion is PBT. This method damages the DNA of cancer
cells, which prevents them from dividing and grow-
ing [10-12]. This method can also damage the DNA
of healthy cells, causing radiation retinopathy (RR).
Various isotopes are used in PBT, such as iodine-125,
ruthenium-106, palladium-103, and cesium-131 [12].
RR is diagnosed in about 25-28% of patients treated
with PBT, and the incidence rises to 90% after 5 years
of follow-up [13-15].

RR is a chronic and progressive disease of the ret-
ina and choroid of the eye. It is an ischaemic vascu-
lopathy caused by PBT in the treatment of intraocular
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Figure 2. FA image of the central part of the fundus of the RE
taken during the late phase of the examination in the same
patient treated 3 years previously with radioactive rutheni-
um 106 Ru brachytherapy for peripherally located choroidal
melanoma seen in the colour photo above. The smallest
arrow indicates a small, hypofluorescent, ischaemic area
corresponding to the cotton wool spot, the medium-length
arrow indicates a small hypofluorescent area correspond-
ing to the preretinal haemorrhage, and the longest arrow
indicates a narrowing of the inferior temporal branches
of the central retinal artery (author’s archive)

tumours and external beam therapy in head and neck
cancers [16]. PBT is now the standard treatment for
small and medium-sized UMs (Figure 1) and some
large melanomas. Enucleation is used to treat large
intraocular tumours [17-19].

RR results from the effects of ionising radiation
on the retina [20]. The ischaemic changes in RR are
similar to rapidly progressive proliferative diabetic
retinopathy (PDR), but the pathogenesis is different.
Two mechanisms are likely to lead to RR: microvas-
cular occlusion caused by direct irradiation, and dif-
fuse neuroinflammation caused by cytokines and
chemokines produced by irradiated UM cells [21-23].
Patients with RR notice a deterioration of visual acuity
for distance and near and metamorphopsia in the vi-
sual field. The COMS study showed a decrease in vi-
sual acuity (less than 20/200) in UM patients 3 years
after PBT of almost 50% [4].

Diagnosis and monitoring of RR

Diagnostic tools such as optical coherence tomogra-
phy angiography (OCTA), fluorescein angiography (FA)
(Figure 2), and B-scan ultrasound (Figure 3) of the eye
help monitor and manage these patients [24]. Figures 1-8
show images of the right eye (RE) in a 58-year-old man
treated with Ru 108 brachytherapy for UM localised to
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Figure 4. RR features in a patient treated 3 years previously
(2019) with 106 Ru brachytherapy for peripherally located
UM seen in the colour photo above (Figure 1). The small-
est arrow indicates a cotton wool spot, the medium-length
arrow indicates a preretinal haemorrhage, and the lon-
gest arrow indicates a narrowing of the inferior temporal
branch of the central retinal artery (author’s archive)

the peripheral lower fundus. The patient was managed
in the Ophthalmology Clinic in Kielce in accordance
with applicable regulations and legal requirements for
the procedures performed [25]. Figures 1-8 demonstrate
features of RR in the same eye found 3 years after treat-
ment with Ru 108 brachytherapy. RR in this patient was
treated with 3 consecutive monthly intravitreal injec-
tions of bevacizumab in the right eye (RE).

During PBT, a calculated radiation dose of a radio-
active agent is used to damage tumour cells. However,
this method of treatment can exhibit significant tox-
icity to healthy tissues around the tumour, such as
the blood vessels of the retina and choroid. The risk
of RR in the irradiated eye is increased in the elderly
and in those with diabetes mellitus (DM) and hyper-
tension. RR is also more common if irradiation has oc-
curred near the macula or optic disc [18].

On fundus examination, features of the RR such as
cotton wool spots, haemorrhages, microaneurysms, hard
exudates, and retinal oedema are evident. Over time,
new proliferating retinal vessels may develop [22, 26].

Advanced imaging techniques

FA is still the gold standard for the diagnosis of RR,
imaging mainly retinal ischaemia. It is an invasive
examination, requiring the administration of intra-
venous contrast. It is a time-consuming examination,
which may cause additional side effects [27].

FA can reveal the RR features like hypofluorescent
areas corresponding with ischaemic areas of the ret-
ina, oval hypofluorescent spots caused by prereti-
nal haemorrhages, constricted or obliterated arterial
branches of the central retinal artery, hypofluorescent
dots at the site of microaneurysms with fluorescein
dye leakage, and macular hyperfluorescence corre-
sponding with macular oedema [27].

The underlying mechanism leading to the devel-
opment of RR is the loss of vascular endothelial cells
with subsequent vascular occlusion and retinal isch-

Figure 5. OCTA images of the macula (A) and nasal inferior part (B) in the RE in the same patient treated 3 years previ-
ously with radioactive 106 Ru brachytherapy for peripherally located choroidal melanoma seen in the colour photo above.
The image A shows black, hyporeflective areas of the ischaemic retina located along the inferior branch of the central
retinal artery. The image B shows black, hyporeflective areas of the ischaemic retina in the inferior nasal part of the pos-

terior pole of the RE, near the optic disc (author’s archive)
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Figure 6. B-scan of OCT in the same patient treated
3 years earlier with radioactive 106 Ru brachytherapy for
peripherally located choroidal melanoma seen in the co-
lour image above. The shorter arrow indicates the hyperre-
flective inner part of the retina corresponding with a cotton
wool spot, and the longer arrow indicates the thinner, isch-
aemic, nasal inferior part of the retina (author’s archive)

N AR OTR AL AT TR N LA P 28 I M0
Figure 8. OCTA study shows dark areas in choriocapil-
laris without vessels in the same patient treated 3 years
earlier with radioactive Ru 106 brachytherapy. The arrow
indicates the “signal void” spot in the inferior nasal part
of the posterior pole (author’s archive)

aemia. RR can lead to vision loss [28]. It is therefore
important to monitor patients with available diagnos-
tic methods such as OCTA or FA and treat RR at an
early stage to maintain good visual acuity. As in other
ischaemic retinopathies, treatment includes the fol-
lowing methods: intravitreal antivascular endothelial
growth factors (anti-VEGF) and/or intravitreal steroid
agents or retinal lasers [29-31].

OCT is amodern, non-invasive examination method
used for evaluation of various diseases affecting the eye
[32]. It allows imaging of the structures of the eye
through a cross-section of objects in real-time, without
the use of histopathological procedures such as biopsy
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Figure 7. Vessel density (VD) map of the SCP in the macula
in OCTA in the same patient treated 3 years earlier with
radioactive 106 Ru brachytherapy for peripherally located
choroidal melanoma seen in the colour image above. The ar-
rows indicate dark, hyperreflective areas in the inferior part
of the macula without retinal vessels (author’s archive)

[31]. With this method, structures of the anterior and
posterior segments of the eye can be diagnosed [33].
The more recent type of OCT tool is swept-source
OCT (SS-OCT). The greatest advantage of this method
is the high scanning speed of 370,000 scans A/s [34].
The technology allows the evaluation of even deeper
layers of the eye such as the choroid. Penetration of light
waves extends to the sclera. In the SS-OCT examina-
tion, the light wavelength is 1050 nm, axial resolution
2.6 pm, transverse resolution 14 pm, and scan width
12 mm [35, 36].

The B-scans of SS-OCT can show RR features like
a thicker, hyperreflective part of the inner retina cor-
responding with cotton wool spots or macular oe-
dema and thinner parts of the retina caused by isch-
aemia (Figure 6).

Research findings

The OCTA test is an ideal diagnostic tool for de-
tecting RR features at an early stage, allowing rapid
treatment implementation. The OCTA scan is based
on a split-spectrum amplitude decorrelation algorithm
that enhances the vascular signal and reduces back-
ground noise. This is related to the acquisition of con-
secutive B-scans of the same tissue section and allows
the detection of erythrocyte movement. The move-
ment of erythrocytes in the lumen of the vessel is vis-
ible as a known reflex in the cross-section under study.
By analysing the movement of erythrocytes in all ex-
amined areas, the algorithm creates maps of the reti-
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nal and choroidal vessels [37]. The analysed scans are
3x3mm, 6 x6 mm and 12 x 12 mm in size [38]. We
can automatically assess OCTA parameters such as
vessel density (VD) in the superficial capillary plexus
(SCP), deep capillary plexus (DCP), and choriocapil-
laris (CC) using the Early Treatment of Diabetic Reti-
nopathy Study (EDTRS) grid subfield. VD is analysed
in the foveal (F), superior (S), inferior (I), nasal (N), and
temporal (T) areas. We can also determine manually
the size of the foveal avascular zone (FAZ) in SCP and
DCP. The FAZ is the central area of the macula without
clearly visible vessels in OCTA examination [39].
OCTA can reveal hyporeflective, ischaemic areas
in the retina as a feature of RR and also areas in cho-
riocapillaris without vessels (Figures 7, 8) [40]. Many
investigators have found RR features on OCTA ex-
amination. Sellam et al. demonstrated many RR fea-
tures using OCTA in patients with UM 36 months
after treatment with PBT. In SCP, they observed mi-
croaneurysms, capillary loss, and dilated vessels.
They found the DCP to be even more damaged than
the SCP by 100% vascular loss, the presence of micro-
aneurysms, and dilated vessels [41]. Another study
showed changes in SCP and DCP in 112 irradiated
eyes without clinical features of RR. These researchers
highlighted the role of OCTA in detecting capillary
ischaemia as a precursor to the clinically overt form
of RR. However, the interpretation of OCTA results
should also be approached critically given the techni-
cal artefacts if we compare this study with structural
OCT. In addition, OCTA examination does not show
vascular permeability, which enables FA. Thus, both
OCTA and FA are complementary examinations [42].
Rose et al. studied 8 patients with a mean age
of 55.75 years (SD = 12.58 years) who developed RR
after 125-Iodine brachytherapy confirmed by FA test-
ing. The mean interval between treatment and RR was
2.82 years (SD = 1.3 years). A second, healthy eye
was used as a control. Visual acuity (logMAR scale)
in the eye with RR was significantly lower compared
to the other eye (0.63 £0.36 vs. 0.04 £0.06, p = 0.002).
Total retinal blood flow (TRBF) and retinal blood
oxygen saturation were measured in both eyes with
prototype methodologies of Doppler Spectral Domain
OCT and a Hyperspectral Retinal Camera. The average
TRBF in eyes with RR was significantly lower than in
the healthy eyes (p = 0.013). They also observed high-
er arteriolar oxygen saturation (SaO,) (p = 0.008) and
venular oxygen saturation (SvO,) (p = 0.051) in eyes
with ischaemic retinopathy compared to fellow eyes.
These authors explain the above results by the re-
duced oxygen demand of the retina due to retinal cell
death or degeneration secondary to radiation. Ultimate-
ly, there is a reduction in retinal blood flow. Further-
more, they believe that there is a radiation-induced acti-
vation of the coagulation cascade secondary to the loss
of endothelial cells, causing vascular occlusion. This is
followed by a thickening of the retinal vessel wall as

a consequence of the deposition of fibrillary or hyaline
material. This process also leads to narrowing and sub-
sequent constriction of the vascular lumen. Ultimately,
the distribution of oxygen to the retina is significantly
reduced. These researchers also observed a higher ar-
teriolar SaO,. They explain this result by the fact that
the reduced oxygen demand of the retina as a result
of necrosis results in reduced oxygen consumption,
which causes an increase in the oxygen concentra-
tion in its vessels [43]. Another mechanism explaining
the above result may be a consequence of vascular col-
lapse and closure due to loss of endothelial cells, while
other vessels may dilate and appear telangiectasic [28,
44, 45]. It is thought that blood is rapidly perfused
through these dilated capillaries avoiding the arteri-
oles and venules of the retina, and the retina is thus
deprived of oxygen and is ischaemic. This mechanism
is compared to the retinal changes of diabetic retinopa-
thy [46]. Higginson et al. also observed SaO, changes in
retinal blood even before the onset of clinically appar-
ent RR in head and neck cancer patients treated with
external beam radiotherapy [47].

Conclusions

With available diagnostic methods such as OCTA
and FA, it is possible to monitor the retinal status
of patients after PBT for intraocular tumours and/
or head and neck cancers. Observing the patient for
metastases is important, but maintaining good visual
acuity is equally important, because RR poses a risk
of vision loss. Detection of RR in the preclinical pe-
riod enables the introduction of treatment and pres-
ervation of eye function.
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