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ABSTRACT

Brachytherapy is widely used for the treatment
of choroidal melanoma and has recently been
explored for the treatment of wet age-related
macular degeneration. We propose the use of
low dose radiation via episcleral brachytherapy
in refractory cases of central serous chori-
oretinopathy (CSCR). The pathogenesis of CSCR
involves dilatation and hyperpermeability of
large choroidal vessels. Low dose radiation can
induce intimal proliferation in large choroidal
vessels and decrease their hyperpermeability.
Concerns about the use of brachytherapy in
CSCR include damage to the choriocapillaris or
the retinal vessels. This can be addressed with
the use of a specialized device through which a
very precise and appropriate dose can be deliv-
ered. The dose of the radiation delivered
decreases exponentially at a depth of approxi-
mately 0.5-1.5mm from the devise-sclera
interface. Considering an increased choroidal
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thickness in cases of CSCR, delivery of a safe
dose can be assured.
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Key Summary Points

Brachytherapy is commonly used for the
treatment of choroidal melanoma and
recently it has been explored for the
treatment of wet age-related macular
degeneration.

We propose the use of episcleral
brachytherapy in refractory cases of
central serous chorioretinopathy (CSCR).
Low dose radiation can induce intimal
proliferation in large choroidal vessels and
decrease their hyperpermeability.

Dose titration of the radiation will be the
key to minimize the damage to the
choriocapillaris and avoid radiation
retinopathy, radiation maculopathy,
radiation neuropathy, and cataract.
Specialized devices for episcleral
brachytherapy such as the SalutarisMD are
promising additional safety and ease of
performing the procedure, thus making it
more practical.
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Thus, the role of brachytherapy in the
treatment of refractory CSCR may be
worth exploring.

Central serous chorioretinopathy (CSCR) is a
disease characterized by the neurosensory
detachment with or without pigment epithelial
detachment due to dysfunctional retinal pig-
ment epithelium (RPE) and hyperpermeable
choroid. Choroidal features of CSCR are chori-
ocapillaris attenuation and dilatation of large
vessels of the choroid. Whether dilated large
vessels of the choroid cause a mechanical
compression of the choriocapillaris layer, or
atrophy of the choriocapillaris is the primary
event, is still debatable [1]. Many studies have
demonstrated a reduced stromal area in CSCR,
which is indicative of atrophied stroma [1]. Lee
et al. hypothesized that chronic low grade
inflammation due to chronic venous conges-
tion leads to extravasation of proinflammatory
and prothrombotic proteins and mediators into
the stroma which causes extracellular matrix
destruction and stromal atrophy [1].

The acute, isolated event of CSCR mostly
resolves spontaneously, but the chronic variant
of the disease, which is also known as diffuse
retinal pigment epitheliopathy, is progressive
and can lead to severe bilateral visual impair-
ment [2]. Many treatment options have been
tried for this form of the disease and so far
photodynamic therapy (PDT) is the treatment
of choice. However, PDT shows limited success
in 30-40% of cases with risk of complications
including vision loss [3]. Limited availability of
verteporfin and laser systems in many countries
and an off-label indication are making PDT as a
vanishing treatment option. The limited role of
eplerenone, as reported by the VICI trial [4],
further limits the treatment options for this
debilitating disease. In our search to explore
more treatment options for refractory cases of
CSCR, we propose brachytherapy delivered by a
radionuclide brachytherapy source (RBS) to be
an alternative.

While aiming to treat refractory CSCR, our
prime target will be the hyperpermeable chor-
oidal vasculature. Studying the effect of radia-
tion on the choroid vasculature will provide

useful insight into its mechanism of action and
thus evaluating its potential use. Amoaku et al.
[S] performed an indocyanine green angiogra-
phy study of choroidal vasculature in the irra-
diated peritumoral zone in eyes treated with
106Ru/'9°Rh brachytherapy for choroidal mela-
noma. The earliest alterations were observed in
the RPE and choriocapillaris. Vaso-occlusion
occurred in the normal choroid present in the
peritumoral area within 3-4 months of
brachytherapy. Although smaller vessels were
involved initially, the process slowly progressed
to involve larger vessels. The authors postulated
that the initiating event was the radiation-in-
duced localized endothelial cell loss which led
to a cascade of events resulting in the vascular
occlusion [5]. The authors had noted platelet
aggregates in choriocapillaris in experimental
studies on radiation choroidopathy [6]. These
changes were secondary to high dosage
(69.9 Gy) used to treat choroidal melanoma.
Other concerns associated with plaque radio-
therapy include development of choroidal
neovascularization (CNV), radiation maculopa-
thy, optic neuropathy, and radiation chori-
oretinopathy [5].

A lower dose of radiation is being investi-
gated in the treatment of wet age-related mac-
ular degeneration (AMD) with the purpose of
reducing the need for anti-vascular endothelial
growth factor (VEGF) treatment and improving
visual outcomes. Radionuclide strontium-90
(°°Sr) emits only high energy beta particles
which has highest attenuation in biological
tissues making it more suitable for ocular use.
Yttrium-90 (°°Y) is the daughter product of *°Sr
after beta decay and emits more energetic beta
particles [7]. Epimacular brachytherapy has
been used to deliver beta radiation after pars
plana vitrectomy and positioning a probe over
the CNV complex [7]. The end of the probe
contains a source of *°Sr/°°Y radiation [7]. The
device is held in position for 5 min, which is
long enough to deliver 24 Gy to the CNV lesion.
Since beta radiation dose decreases as a function
of 1/7* with increasing distance from the source,
the optic nerve receives about 2.4 Gy, and the
lens only 0.56 mGy (threshold for cataract for-
mation is 2 Gy) [8]. Stereotactic radiotherapy is
another method of radiotherapy that provides
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stereotactic application of low energy X-ray to
the CNV using three highly collimated beams
that cross the inferior sclera to overlap at the
macula [9]. Unlike epimacular brachytherapy,
this outpatient-based radiotherapy does not
require vitrectomy and thus is a more practical
method of radiotherapy [9].

The background on the effect of high dose
radiation on capillary vessels comes from stud-
ies of stereotactic radiosurgery on arteriovenous
malformations (AVMs), where doses of
14-24 Gy are typically used. Histological studies
on the effect of stereotactic radiosurgery
(gamma knife radiosurgery) on the AVMs of the
brain revealed four stages in irradiated vessels:
(i) endothelial damage or intimal separation, (ii)
concentric intimal-medial proliferation, (ii)
concentric wall thickening with loss of cellu-
larity and hyalinization (deposition of dense
fibrillar collagen), and (iv) last stage of hyaline
obliteration of vessel structure [10]. The effect
on the vessel depended on the vessel size and
the dose of radiation. The outcome of the
treatment—decreased blood flow through arte-
riovenous malformation a few months to years
after radiosurgery—has been demonstrated in
many studies [11].

Our aim while exploring radiotherapy as a
treatment option for refractory CSCR is to
decrease the blood flow through the large
choroidal vessels without obliteration of the
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Fig. 1 Depiction of exponential decline in radiation dose
with depth from the device. a Graph showing exponential
decline of the dose of radiation with increasing depth from
the device. b In a normal eye, the dose of radiation
delivered at the sclera—choroid interface is 12.4 Gy. The
dose is 10 Gy at the interface of large choroidal vessels and
medium vessels/choriocapillaris. ¢ In an eye with central
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choriocapillaris. The mechanism of action in
this case would likely be due to the effect of
radiation on the endothelial cells. Studies have
shown that in vitro acute doses of 10 Gy or
higher can cause apoptosis and senescence of
endothelial cells, but this is highly organ
dependent [12]. When higher doses of acute
radiation (10 Gy or higher) are used, endothelial
progenitor cells undergo a Bax-mediated apop-
tosis, whereas well-differentiated endothelial
cells undergo cellular senescence similar to
aging. The net effect of this process is fibrosis
resulting in less vascular permeability [12]. The
radiation dose can even be reduced further to
attain the desired effect of producing intimal
proliferation whereby the leakiness stops or is
reduced. Unlike the effect on cancer cells where
the objective is to create enough deoxyribonu-
cleic acid (DNA) double-strand breaks to induce
cell death, in its application for CSCR, the lower
radiation dose will cause deposition of collagen
around the leaky vessels thus changing their
permeability over a period of months.

When an RBS is placed on or near the sclera,
it may be possible for the radiation to affect the
large choroidal vessel layer without adversely
affecting the choriocapillaris as a result of its
rapid dose fall-off (Fig. 1). The dose of the radi-
ation is an exponential function for depths
from approximately 0.5 mm to 1.5 mm, where
the depth is measured from the front face of the

Central serous chorioretinopathy eye

serous chorioretinopathy (CSCR), the dose of radiation
delivered at the sclera—choroid interface would be less than
12.4 Gy considering increased scleral thickness in CSCR.
The dose of radiation at the interface of large choroidal
vessels and medium vessels/choriocapillaris will be 8 Gy
because of the increased thickness of the large choroidal
vessel layer
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device (the device-sclera interface has a depth
of zero). Dose = D,, exp[— 0.846 (d — d,)], where
the depth of interest is d. D, is the dose at the
depth d,, which is the normalization depth (or
treatment depth).

Studies have shown choroidal thickness at
the macula is around 256 pm of which 204 pm
is occupied by the large vessels (Haller layer)
and 52 um by the choriocapillaris/Sattler layer
in normal eyes [13]. In CSCR, total choroidal
thickness is increased (394 pm) because of
increased thickness of the large vessel layer
(307 um) [14]. Scleral thickness at the posterior
pole is around 1mm [15]. Although scleral
thickness at the posterior pole has not been
measured in eyes with CSCR, scleral thickness
6 mm posterior to the scleral spur, as measured
on anterior segment optical coherence tomog-
raphy, is thicker than in normal eyes and an
increased scleral thickness has been implicated
in the pathogenesis of CSCR [16]. Thus, we
expect the radiation dose delivered to chorio-
capillaris to be less than 10 Gy (Fig.1 and
Table 1). At this dose, it will be possible to
induce the intimal proliferation in larger

Table 1 Dose of radiation delivered at different depths
from the scleral surface (device—sclera interface)

Depth (mm) Dose (Gy)
0.500 18.9
0.600 17.3
0.700 15.9
0.800 14.6
0.900 134
1.000 12.4
1.100 114
1.200 104
1.250 10.0
1.300 9.6
1.400 8.8
1.500 8.1

Dose = D, exp[— 0.846 (d — d,,)], where the depth of
interest is d. D, is the dose at the depth 4, which is the
normalization depth (or treatment depth)

Fig. 2 Episcleral brachytherapy device introduced via sub-
Tenon route to deliver radiation to choroidal neovascular
complex through sclera. (Courtesy: SalutarisMD)

choroidal vessels and reduce hyperpermeability
while minimizing damage to the
choriocapillaris.

A novel episcleral brachytherapy device has
been introduced by Salutaris Medical Devices,
Inc. (SalutarisMD) to treat wet AMD with an
accurate therapeutic dose [17]. It employs a
298r/°Y source RBS encapsulated in a stainless-
steel holder which is loaded into the distal end
of the applicator’s curved cannula. The device is
introduced through the retrobulbar sub-Tenon
route and radiation is delivered through the
sclera to the CNV lesion over a matter of min-
utes [17] (Fig.2). A clinical trial to assess the
safety and feasibility of the device in patients
with wet AMD has been started and is expected
to complete in 2022 [18].

Hence, the role of brachytherapy in the
treatment of refractory CSCR may be worth
exploring. Dose titration of the radiation will be
the key to minimize the damage to the chorio-
capillaris and avoid radiation retinopathy,
radiation maculopathy, radiation neuropathy,
and cataract. Specialized devices for episcleral
brachytherapy such as the SalutarisMD are
promising additional safety and ease of per-
forming the procedure, thus making it more
practical.
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