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Abstract

Purpose: To describe a case of radiation retinopathy following craniospinal radiation and provide an overview of studies on
radiation retinopathy following whole-brain radiotherapy. Methods: A retrospective chart review was conducted to collect a
single patient’s data on demographics, radiation therapy, ophthalmologic examination findings, treatment, and outcomes. For
the systematic review, OVID Medline, Embase, and Cochrane CENTRAL were searched for studies reporting on radiation
retinopathy following whole-brain radiotherapy. Results: A 24-year-old man with a history of craniospinal radiation presented
with proliferative maculopathy. Initial visual acuity was 20/150 in the right eye and 20/40 in the left eye. The patient received
monthly intravitreal injections of bevacizumab followed by panretinal laser photocoagulation in both eyes. Maculopathy improved
following treatment. Nine articles comprising |3 cases of radiation retinopathy following whole-brain radiotherapy (25 affected
eyes; mean = SD age, 43.3 = 10.8 years; 46.2% male) were identified by systematic review. None of the patients had diabetes.
Radiotherapy was indicated for primary central nervous system lymphoma (6 cases), metastatic spread of breast cancer (4 cases)
or lung cancer (2 cases), and acute lymphocytic lymphoma (| case). The median radiation dose received was 40.7 Gy (range,
30-50). Ten patients had received prior or concurrent chemotherapy. Median time from radiotherapy to symptom onset was
20.5 months (range, 2-216). More than half of patients developed retinopathy bilaterally. Conclusions: To our knowledge, this
is the first systematic review to highlight the risk of radiation retinopathy following whole-brain radiotherapy, particularly the
increased frequency in patients who have received chemotherapy.
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radiation dose of 40 to 60 Gy. There are certain risk factors that
increase the incidence of radiation retinopathy, including the
dose of radiation received by the retina, fractionation schedule,
and administration of chemotherapy, as well as patient factors
such as presence of systemic illness, primarily diabetes. The
aim of this study was to describe a single case of radiation

Introduction

Radiation retinopathy involves microangiopathy of the small reti-
nal vessels secondary to endothelial cell loss and capillary closure.!
Clinical manifestations of radiation retinopathy include microan-
eurysms, macular edema, cotton-wool spots, hard exudates, retinal
edema, telangiectasia, and perivascular sheathing, which may
appear in varying sequence and latency.” The incidence of radia-

tion retinopathy ranges from 3% to 20% and is largely determined
by the source, dose, and type of irradiation used.

Since the 1950s, focal or whole-brain radiation therapy has
been indicated for central nervous system or head-and-neck
tumors in many patients, as well as for brain metastases given
its effectiveness in palliation, widespread availability, and ease
of delivery.® Radiation retinopathy is seemingly a rare compli-
cation of whole-brain radiation. According to a retrospective
analysis by Grimm et al,* radiation retinopathy was observed in
18.5% of 5-year survivors after they had received a cumulative
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Figure 1. (A) Contrast-enhanced sagittal magnetic resonance imaging (MRI) reconstruction shows a pineal tumor at the time of radiation
planning, prior to treatment. (B) Craniospinal irradiation. The right and left globes are shown with green and blue colorwash, respectively.
Radiation doses are delineated with colors as shown in the legend. The composite mean radiation doses that the right and left globe
received following radiation were 25.3 Gy and 26.7 Gy, respectively. The point maximum radiation doses were 36.7 Gy for both globes. (C)
Contrast-enhanced sagittal MRl shows near complete tumor response 2 years postradiation.

retinopathy and perform a case-based systematic review of all
cases of radiation retinopathy that developed after whole-brain
radiotherapy.

Methods

We conducted a retrospective chart review of 1 patient with
radiation retinopathy developing after whole-brain radiation.
We recorded data on the patient’s age, sex, type of radiation
done, and time interval between radiation therapy and onset of
radiation retinopathy. We noted the patient’s ophthalmologic
examination findings, including dilated fundus examination,
optical coherence tomography (OCT), and best-corrected visual
acuity (BCVA), as well as treatments and outcomes. Institutional
research ethics board approval was received from the University
of Toronto. Informed consent was obtained from the patient for
use of their clinical data. This study adheres to the tenets of the
Declaration of Helsinki.

Case-Based Systematic Review

We performed a case-based systematic review in accordance with
the Cochrane Handbook for Systematic Reviews of Interventions.
Reported findings followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines.

Eligibility criteria for the systematic review required that
articles be published in English and that the articles report on
patients who developed radiation retinopathy following whole-
brain radiotherapy. The reviewed outcomes were each patient’s
final visual acuity and retina findings. Studies were excluded if
radiotherapy was done to treat choroidal melanoma or other
orbital tumors. We excluded meta-analyses, reviews, confer-
ence papers/abstracts, and nonpublished literature.

For study selection, we searched for articles on OVID
Medline, Embase, and Cochrane CENTRAL from the time
of study inception to May 2024 (see Tables 1-3 contain

details on the search strategies). Grey literature searches and
manual searches of references in the original studies and rel-
evant reviews were also conducted. After de-duplication,
title and abstract screening was performed, followed by full-
text screening.

Data from each study were extracted in accordance with the
PRISMA guidelines. Extracted data included study characteris-
tics, patient demographics, indication for radiotherapy, total
radiation dose, duration between radiotherapy and visual symp-
toms, ophthalmologic examination findings, treatment, and
final visual outcomes. The primary measure of interest was the
total radiation dose received by the patient; secondary measures
of interest were potential risk factors of retinopathy develop-
ment, including concomitant systemic disease and chemother-
apy treatment. Because all eligible studies were case reports
and case series, the risk of selection bias was not assessed.

Continuous data from all eligible studies are expressed as
the mean = SD (range). Categorical parameters are shown as a
percentage of the total sample.

Results

Case Report

A 24-year-old man presented to our ophthalmologic clinic fol-
lowing a 1-month history of blurred vision in both eyes. His
medical history noted a pineal parenchymal tumor of World
Health Organization severity grade 3 for which he had received
photon craniospinal radiation at a dose of 36 Gy (delivered
using 5-beam intensity modulated radiation therapy), including
radiation of the whole brain. Thereafter, at 1 year prior to pre-
sentation to the ophthalmologic service, the patient received
focal sequential volumetric modulated arc therapy using cone-
down boosts to total doses of 54 Gy and 59.4 Gy (Figure 1,
A—C). The composite mean radiation doses administered to the
right and left globe were 25.3 Gy and 26.7 Gy, respectively. The
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Figure 2. (A) Fundus images of the patient’s right eye at baseline show intraretinal hemorrhages and cotton-wool spots. (B) Fundus image
of the patient’s left eye at baseline show intraretinal hemorrhages and cotton-wool spots. (C) Optical coherence tomography (OCT) images
of the right eye with cystoid macular edema at baseline. (D) OCT images of the left eye with cystoid macular edema at baseline.

point maximum radiation doses were 36.7 Gy for both globes.
No concurrent chemotherapy was given. At the time of his first
ophthalmologic assessment, no optic disc edema was present.
No other systemic illnesses, including diabetes or hypertension,
were present.

At the initial visit to our clinic, the patient’s tumor was
observed to be controlled postradiation, and he had no evidence
of malignant disease. His best-corrected visual acuity (BCVA, in
Snellen) was 20/150 OD and 20/40 OS. Pupillary examination
was normal, with no evidence of a relatively afferent pupillary
defect. His color vision, measured by Ishihara plates, was 0/12
OD and 7/14 OS. A dilated fundus examination showed numer-
ous intraretinal hemorrhages, extensive peripapillary cotton-
wool spots, and macular edema in both eyes (Figure 2, A-D).
There were no signs of papilledema during the initial visit.

The patient was subsequently assessed by OCT angiogra-
phy, which demonstrated vascular leakage and marked macular
ischemia in both eyes (Figure 3, A and B). The patient was then
urgently referred to retina specialists. Given his severe presen-
tation and bilateral signs as well as absence of other systemic
illnesses, the specialists deemed the most likely cause of his
symptoms to be radiation maculopathy.

The patient was treated with bevacizumab, receiving a sin-
gle bevacizumab injection once per month for 5 months in the
right eye and once per month for 2 months in the left eye, and
was then given panretinal laser photocoagulation therapy in
both eyes. At his last follow-up, the maculopathy showed
improvement, and no further macular edema was evident
(Figure 4). His final Snellen visual acuity was 20/40 OD and
20/60 OS.

Case-Based Systematic Review

We reviewed the full text of 24 articles to determine eligibil-
ity (Supplemental Figure 1). Overall, 9 citations*'? met the
full eligibility criteria and were included in the systematic
review. Individual study designs and findings are summa-
rized in Tables 1-3.

In the 9 articles eligible for review, we identified a total of 13
cases, including 25 affected eyes, in which radiation retinopathy
developed following whole-brain radiotherapy. The mean age of
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Figure 3. (A) Optical coherence tomography (OCT) angiography
images of the right eye show macular ischemia and areas of vascular
leakage. (B) OCT angiography images of the left eye show macular
ischemia and areas of vascular leakage.

patients in the review sample at the time of presentation was 43.3
* 10.8 years, and 46.2% (6 of 13) were male. None of the
patients had diabetes. The most common indications for radio-
therapy were primary central nervous system lymphoma (6
cases), followed by metastatic spread of breast cancer (4 cases),
metastatic spread of lung cancer (2 cases), and acute lymphocytic
lymphoma (1 case). The median total radiation dose was 40.7 Gy
(range, 30-50) over a median of 10 fractions (range, 10-25). Two
cases also received boost radiation doses of 18 Gy and 9 Gy,
respectively. Information on the dose administered to the globe
or retina was not available for any of the cases. Among the 13
patients, 77% (10 of 13) also received chemotherapy prior to
developing visual symptoms.

The median time between radiotherapy and onset of visual
symptoms was 20.5 months (range, 2-216). Nearly all cases
(12 of 13) presented with radiation retinopathy bilaterally on
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Figure 4. (A) Optical coherence tomography (OCT) images of the
right eye taken 2 years after initial presentation. No macular edema
is present. (B) OCT images of the left eye taken 2 years after initial
presentation. No macular edema is present.

ophthalmologic examination. Findings on fundus examination
included retinal hemorrhages (6 cases), microaneurysms (6
cases), cotton-wool spots (4 cases), exudates (3 cases), retinal/
macular edema (4 cases), neovascularization (1 case), and
serous retinal detachment (1 case). Visual acuity of the affected
eyes on the initial ophthalmologic examination was a mean log-
MAR of 0.76 = 0.69. Treatments were reported for 7 patients
and included intraocular steroid injection (4 cases), intravitreal
bevacizumab (1 case), intravitreal ranibizumab (2 cases), and
aspirin (1 case). The mean duration of follow-up was 51 months
(range, 1 week to 79 months). The final visual acuity was a
mean logMAR of 0.64 + 0.57.

Conclusions

This case report and systematic review evaluated the presenta-
tion and treatment of patients who developed radiation retinop-
athy following whole-brain radiotherapy. The single case
reported herein was of a young male patient with a pineal
parenchymal tumor who received craniospinal radiation and
subsequently developed radiation retinopathy bilaterally. He

was treated with bevacizumab and laser photocoagulation, and
showed improvement in his BCVA. The qualitative case-based
systematic review assessed the presentation and treatment of 13
patients who received whole-brain radiation for indications
other than orbital tumors and developed radiation retinopathy.
Nearly half of the patients were male, and none had a concur-
rent systemic disease. In the 77% of patients who also received
chemotherapy prior to developing visual symptoms, the median
radiation dose was 41 Gy. The median time from radiation to
visual symptom development was 21 months. The treatment
type was reported for only 7 patients, including intraocular ste-
roid injection and antivascular endothelial growth factor (anti-
VEGF) injections.

Whole-brain radiotherapy is the mainstay treatment adminis-
tered to patients with identifiable metastases, gross tumor in the
head-and-neck region, or primary central nervous system lym-
phomas. Although rare, radiation retinopathy is a potential com-
plication following whole-brain radiation. It is hypothesized that
exposure to radiation causes loss of vascular endothelial cells
through direct damage to DNA base pairs, affecting the cells’
ability to divide and causing senescence.! Radiation can also
cause indirect damage to cells by exposing the endothelial cells
to high concentrations of free radicals, resulting in cell mem-
brane damage. This leads to occlusion of capillary beds and sub-
sequent microaneurysm formation. The clinical features of
radiation retinopathy closely resemble diabetic retinopathy, and
can include microaneurysms, macular edema, cotton-wool
spots, hard exudates, telangiectasia, and perivascular sheathing.

There are several extrinsic and intrinsic factors that increase
the risk of radiation retinopathy. The location of the tumor rela-
tive to the orbit affects the degree of radiation the retina receives.
For example, Monroe et al investigated the incidence of radia-
tion retinopathy in patients receiving radiotherapy for primary
tumors of the nasopharynx, paranasal sinuses, and nasal cavity.'?
They identified a 2% incidence of radiation retinopathy in
patients with nasopharyngeal cancer, compared with a 19% inci-
dence in those with nasal cavity tumors and 23% incidence in
those with paranasal sinus cancer.

Furthermore, the total cumulative dose of radiation plays an
important role in radiation retinopathy formation. Historically, a
radiation dose of 45 Gy has been considered a safe threshold.'
Monroe et al'? reported that 5% of patients (5/103) who received
retinal doses of less than 60 Gy developed radiation retinopathy
(with a 4% incidence at a dose of <50 Gy), compared with 30%
of patients (25/83) who received retinal doses of greater than 60
Gy developing radiation retinopathy; these higher retinal doses
(>60 Gy) were significantly associated with its development.
Similarly, Parsons et al'® noted a dramatic increase in incidence
of radiation retinopathy at retinal doses between 45 Gy and 55
Gy, such that nearly all patients receiving higher doses devel-
oped retinopathy. That being said, risk evaluations have sug-
gested that the radiation safety threshold should be lower, at
doses ranging between 30 and 35 Gy.'®!8 The total median dose
of 41 Gy administered to patients in the studies from our system-
atic review demonstrates that radiation retinopathy can still



*(S7—01 ‘@3ued) suondely (0] UBIPSW ‘SUORJRIY G| UBSW SUONDRIY UONRBIPRY,

(065—0€ ‘@8urd) A9 /'0f UeIpaW ‘AD) /'€ UBSW :9SOP UONEIPEI [10 ],
‘9| qB|IBAR J0U /N| ‘WISAS SNOAJIDU [BIUDD ‘SN|D ‘O[BLD) ‘4 ‘D[eW ‘||| SUONEIADIQQY

VN VN 9¢ J9DUBD UlR.q JO} SOSBISEIDW UlR.g | 0 1:0 8¢ T | 210102 ‘O
VN  suondedy o] o€ J9DUBD 15B2.Q 0} SISLISEIDW Ule.g | 0 1:0 S 4 | 11910 ‘BAOY1INH
VN  suondeyy o] o€ J9DUBD 15B2.Q 10} SISLISEIDW Ule.g 0 0 1:0 95 z | or10T ‘U
VN  suondeyj o] o€ J9DUBD 1S.q J1ILISEID|| | 0 1:0 v z | +LT0T ‘Iaueqes
VN VN AW 009 elwIN3| proyduwiA| :andy I 0 8l 4 I V66| BIUZIA\
VN suondel g7 0S ewoyduwiA| SND Adewtid | 0 89 [4 | (610 BN
J9oued 3un| |99 |[ews-uou
VN suondes 9| ov Adewiud wouy saseisersw urelg 0 0 1:0 SS | | 4910T ‘NsH
sAep 7| JaA0 BUWOUIDIBIOUSPE
VN  ‘suondely 0| o€ 8un| Arewd oy soseasersw ureaq 0 0 01 9¢ T | <1270T ‘ueyDd
(] = u) saqoj [eauo.y
[ea21e)iq 03 AD) ¢
(] = u) wnjpgatad (64—97 *93uea)
W31 03 4D g| VN 9ey ewoydwiA| SND Asewilig S 0 Iy 8oy 0l S 4900 ‘WD
(D) uoneipey 1s00g  4(uoneInp ‘u) (AD) uoneIpey J0} UOIEJIPU| (u) swordwAg  (u) saseasiq  (u) SN (A) 28y uespy (u) sak3 (N) rero prABIA doyiny
suonoe. 9s50(] uonelpey [ensiA 01 Jolig 21W1sAg [PERRETIV
|e30] ueIpaly Adesaypowsyd Y0

"MIIAY D1IBWRISAS W04 JUSWIEA | UOIIRIPEY UIRIG-D|OUAA JO MIIAISAQ pue Ayledounnay uoneipey jo sased) papnppu| *| djqeL

682



“(6'1-0 ‘98ued) 27470 ‘URIPBW ‘9/°( ‘UBSW 243 Pa1daYE Ul A1NdE [BNSIA YY/|30| [B13IU]q
. —7 ‘@3uel) syuow Q7 ‘Uelpaw syauow 9°/¢ ‘ueaw :swoidwAs pue Adeiayirolpe.d usamiaq uone.n
917~ ‘93ue) syauow §'0T ‘Uelpaw 'stpuow 9'/¢ dwis pue Adessipolp q Qe

‘3|qe|ieA. 10U ‘yN ‘AydesSowol acuauayod [eando ‘| HO ‘ou/sak ‘N/A SUoneIARIqqY

VN Sg|ndeW L30q Ul 3UIUSYIY3 [BURI DIISAD NO sodeyJiowsy [euna.e.iul ‘s30ds [OOM-UOIIOD ‘BLUSPS Ie[ndely 60'1 60 A 8 21010T ‘o)
VN VN NO Bwapa Jendew ‘saSey.LIoWaY ‘sIBPNX3 P.eH ) €0 A u 119107 ‘BAOYIUNH
VN dO ®'wapa Jejndey NO s10ds |0OM-U0310 ‘sadeyJloway [euIa.eiu] 0 LL¥ 0 A 8l b 10T ‘U
e[nJew no-doup Auejjides
VN ‘SWSAINSUEBOIDIW ‘BWUSPS JB|NJBW PI0ISAD @O IUBWYDLIDP IBNJBW SNOIIS ‘O BLISPD JB|NJBW PIOISAD) 60 | A VN +770T ‘Ioueqes
no
JUSWIYJ.ISP [BUNIDJ [BUONDER.Y POdO[9ASP 93| (UOIIRZIIEINISEAODU
VN VN osip oido [ea9ae)iq ‘Uoisnyiaduou pue aunsopd AuejiideD 61 61 A z oF661 BIUZIAA
VN NO ewapa Jendew ploisk)  SWSAINAUEO.DIW PUE BWSPS JB[NJBW PIOISAD ‘B[NJBW U] SIIBPNXD p.eH 810 8y'0 A Tl ,610T ‘NEIND
$354> [eunaJe.Ul
ao pue uonsunl §O/s| Jo1dadaoroyd S[9SSPA
BWO0DS [BUdIBIRY paysiuiwip yum Aydouse Jejndely  213e32918UR[DI ‘SWSAINSUEO.IDIW SUIPUNOLINS YIIM SUOZ JB|NISBAR [BIAOS VN 61 N z 9910 ‘NsH
NO $199J9p 'uRDJ Joliadns 03 palesausduod
PI3!) [ENSIA JOLIBJU| VN a3ewep ym ‘saSey.ioway 10|q-10p ‘s93epNX® ‘s10ds [0OM-U01I0D) 0 0 A 91 51202 ‘uryD
(e=w)
VN VN swsAunaueoadiw (7 = u) Ayredojnasea (g = u) saSeyJloway [eunay VN VN (=u) A (917-€7 98ued) /T 49007 ‘Wil
$129J9 P[a!d [BNSIA sduipuiy 150 s3uipul4 uolreUIWEX] Shpuny SO ao (N/A) «(syauop) ylBRA doyany
JusWRAJoAU|  swoadwAg [ensiA pue
[LAEREITE] uonelpey usamiag

1943 padayy ur Anoy
[enSIA YVINS0T [eniul

uoneinq uelpaly

'S9sBT) PAaMBIARY B ul s3ulpul4 uoneuiwexq diSojowleyydQ [eniu| g sjqer

683



*(6071-0 @8ued) $§0 UBIPAW 49" UBSW 1yYYINSO| Ul NO AUNJE [ENSIA [BUIY,
‘($8—9 ‘a8urd) syruow 7'g/ ‘uelpaw ‘syauow z°|§ ‘ueaw :sisoudelp Ayzedouna. usye dn-mojjoy jo uonean,
'SNOUBAB.IIUI ‘A] ‘9]|qE|IBAE 10U ‘N :SUOIEBIASIQQY

SSIWIDIYI [BIA0JGNS Ul UOIIINPIY pasueyoun 601 paAo.adwj L0 ST0 VN uoisnys [eana|d 1o} apiwaso.ny A| 21010T ‘©)
VN VN VN VN VN VN VN VN ,910T ‘‘AOYIINH
syauow
VN pasueyoun 0 paAoaduy 0o €l €] J9A0 qewnziqiue. suondalul g dO qewnziqiuey [Ea.lIARIU| a¥10T U
Juejdwi suoseylswexsp
BLWDPS Jejndew [ea.31AB3Ul ‘UonenSeOd0I0yd
OU pUE JNOIUOD [BIAC [BWLION paroadu) 90 paAo.duy 90 VN qewnziqiued suoidalul J9sE| ‘qRWNZIqIuERY +ZT0T ‘Joueqes
Awo1d3.31A
o8Japun J0u pIp ‘NO UsWYdRISP
[eU3®J [BUONRDE.] PRY JUBIIEY paroadw | panodw 4l VN  NO uonegndeodoioyd [eusaiuey aF661 BIUZIAA
saeak
swsAJnaueo.DIW pue J9A0 QO SISOP § SUOSEBYIDWEXSP
BLISPS JB|NJBW JO UOIDNPAU YIIM usy3 !sUedA § J9AO SO SISOP € uejdwi suoseylswexap
s91EpPNXa pJey Jo ddueseaddesiq pasueyoun 810 pasueyoun 8v'0 ¥8 pue QO $9SOp 7| qewnzideAsg USY3 ‘GRLUNZIDBASQ [B3.13IABIU| ,610T ‘EIND
dn-moj|o} 3¢ UoIsiA Ul dueyd ON VN VN VN VN 9 VN VN 5910 ‘NsH
dn-mojjo} 3¢ uoisia Uy d3uey> ON VN VN VN VN 9 VN VN $120T ‘ueyDd
(Z = u) uonsalui ploJaas
||eJ2A0 padueydun UOISIA [BUOIIDUNY VN VN VN VN (P¥1-01 98ued) p| | VN  Jendoenur (g = u) Adesayy Joseq ,900T ‘Wil
SIUBWIWOD/SaW02INQ dHy1dads SO oSO ‘@43 pardsyy ao 4O ‘943 «(syauoly) sisouseiq |o2030.4 JudWIed | Pyl doyany
Quawies. | Jaly ur Aundy [ensip ‘quawieal| Jony pa3deyy Ul Ayyedounay Jeny
a3ueyD UOISIA WVIWEoT [euly 23ueyD uoIsIp A3ndy/ [ensip dn-mojjo4 jo
\YVINEoT [euly uoneanq ueipaly

'S9SED) PIMBIIAIY 3yl Ul sswodINQ |euld pue jusuwiead| °¢€ d|qe

684



Sverdlichenko et al

685

occur at lower radiation doses. Moreover, in our presented case,
exposure of the globe and retina to doses of less than 37 Gy led
to retinopathy in both eyes.

Finally, the fractionation schedule can affect the development
of retinopathy. Previous studies have shown that administration
of less than 1.9 Gy per fraction can decrease the incidence of reti-
nopathy.'3 However, the fractionation schedule in our systematic
review ranged from 2 Gy per fraction to 3 Gy per fraction, which
could increase the risk of retinopathy. Many of these patients
were being treated for brain metastases, and thus the large radia-
tion dose selected could have been palliative. The average frac-
tionation schedule may differ in patients being treated for primary
disease, thus influencing the risk of downstream radiation reti-
nopathy development.

Another important external factor is use of prior or concomi-
tant chemotherapy. Use of chemotherapy, either prior to or con-
current with radiation, is thought to make the retinal vasculature
more vulnerable to radiation damage by increasing oxygen-
derived free radicals.!” Interestingly, nearly 80% of the patients
in our systematic review received chemotherapy before their
visual symptoms developed. In these cases, the chemotherapy
may have augmented the retinal vasculature damage caused by
whole-brain radiation, thus increasing the likelihood of radia-
tion retinopathy development.

Finally, one of the most important intrinsic risk factors for
radiation retinopathy is the concurrent presence of diabetes.
There appears to be a synergistic action of radiation and diabetes
on the capillaries that predisposes the eyes to retinopathy.?’ The
cumulative effect of pericyte damage seen in patients with diabe-
tes and endothelial damage seen in those exposed to radiation
causes severe occlusive arteritis, which is commonly seen in
radiation retinopathy. Diabetes has also been associated with
poor visual outcomes due to higher incidence of neovascular
glaucoma and diabetic papillopathy.?! None of the articles identi-
fied in our systematic review described a patient with diabetes.

Only a few studies in our review reported on therapies for
radiation retinopathy, and therefore it is difficult to comment on
specific treatment outcomes. In general, treatments can include
anti-VEGF, intraocular steroid injection, and laser photocoagu-
lation. VEGF and other inflammatory and vasculogenic factors
have been implicated in the pathogenesis of radiation-induced
macular edema and neovascularization. Thus, many clinicians
have opted to use anti-VEGF medications to treat radiation
macular edema.?? Finger et al** demonstrated that continuous
injections of anti-VEGF in 4-week to 12-week intervals led to
progressive reductions in macular edema, exudates, and cotton-
wool spots. Additionally, the probability of remaining within 2
lines of initial visual acuity was 69% at 5 years and 38% at 8
years of anti-VEGF therapy.?

Intravitreal steroids are thought to stabilize endothelial tight
Jjunctions, prevent leukocyte migration, and inhibit synthesis of
prostaglandins, proinflammatory cytokines, and VEGF.?* Shields
et al** studied intravitreal triamcinolone acetonide as a treatment
for radiation maculopathy and found that while 91% of patients
experienced vision stabilization or improvement at 1 month of

treatment, only 45% retained stable visual acuity at 6 months.
Furthermore, laser photocoagulation therapy decreases the leak-
age from abnormally permeable retinal vessels, reduces the prolif-
eration of new retinal vessels, and limits the neovascularization
stimulus by converting hypoxic retina into an anoxic state.?’

This study has several strengths. To our knowledge, this is
the first systematic review to describe cases of radiation reti-
nopathy that developed following whole-brain radiotherapy. It
provides a comprehensive overview of patient factors, ophthal-
mologic findings, treatments, including radiation dosimetry,
and outcomes in these patients, thus contextualizing the need
for close monitoring for development of retinopathy following
brain radiotherapy. However, we acknowledge certain limita-
tions of the study. The systematic review contained only case
reports and case series, which represent the lowest level of evi-
dence and contain inherent bias. Due to the nature of the study
designs in the reviewed articles and the fact that there were only
13 cases, we are not able to predict causality with regard to the
risk factors for development of radiation retinopathy, and we
cannot characterize the treatment outcomes with different ther-
apies. The exact dose of radiation administered to the retina or
globe was available for the presented case, but not for cases
from the historical literature. Finally, almost all patients in the
systematic review received prior or concurrent chemotherapy,
which is a known risk factor for radiation retinopathy. It would
be interesting to conduct a prospective study on the incidence
of radiation retinopathy following whole-brain radiotherapy in
patients who receive chemotherapy in comparison to those who
do not receive chemotherapy.

This case report and systematic review of radiation retinopa-
thy following whole-brain radiotherapy shows that, although
radiation retinopathy is a rare complication following brain
radiotherapy, it can still occur at whole-brain radiation doses of
less than 45 Gy. While no patients had any systemic illnesses,
most patients who developed radiation retinopathy received
chemotherapy prior to visual symptom development. The treat-
ments for retinopathy described in the reviewed studies included
anti-VEGF and intraocular steroids. Clinicians need to recog-
nize the potential complication of retinopathy following brain
radiotherapy, particularly the increased risk following chemo-
therapy. Regular ophthalmologic investigations should be per-
formed to ensure early diagnosis and treatment for these patients.
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