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e PURPOSE: Coats disease is a rare, retinal vascular dis-
order characterized by telangiectasias, aneurysmal dila-
tions, and progressive exudative retinal detachment. Lim-
ited understanding of the disease warranted the need to
identify controversial issues through an extensive litera-
ture search and a debate and discussion among interna-
tional panels of experts.

 METHODS: Extensive literature search was done on
multiple aspects of the disease-classification patterns, dis-
ease, Coats-plus, and Coats-like response. Other key fac-
tors included the etiology, possible genetic patterns, re-
lationship with other vascular disorders, the role of in-
flammatory factors and vascular endothelial growth fac-
tor (VEGF) in the pathogenesis, diagnostic features, and
complications. Considering the varying treatment pat-
terns followed, imaging modalities, clinical findings, dif-
ferential diagnosis, treatment options, prognostic factors,
and emerging concepts in management were all covered
in the search. Eighteen experts were included to opine on
questions spanning classification, pathogenesis, diagnos-
tic and treatment methods, prognostic controversies, and
newer concepts in disease management.

» RESULTS: Of the 52 questions in 7 sections, the experts
arrived at a consensus for 48 (92.3%) statements (with
75% voted as strong agreement or agreement). Most ex-
perts agreed on the suggested classification, diagnosis, and
prognosis. The controversy, however, remained in ques-
tions regarding association with other vascular disorders,
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treatment of stages 3 and 4, possible benefits of newer
anti-VEGF agents, and the role of artificial intelligence.
e CONCLUSIONS: These debates reflect the rarity of
the condition, complex pathophysiology, and the chal-
lenges of treating a progressive blinding disease pri-
marily affecting children. Hence, further studies are
warranted, especially in areas that have not reached a
consensus. (Am ] Ophthalmol 2026;282: 162-186.
© 2025 The Author(s). Published by Elsevier Inc.
This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/))

OATS DISEASE IS A RARE, IDIOPATHIC RETINAL
vascular disorder characterized by retinal telangiec-
tasias, aneurysmal dilations, and progressive exuda-
tive retinal detachment. First described by George Coats in
1908, this condition primarily affects young males and re-
mains a challenging diagnosis with numerous controversies
surrounding its etiology, classification, diagnosis, and man-
agement.
This document explores the major areas of debate and
uncertainty in understanding and treating Coats disease.
Key unique aspects of Coats disease controversies include
the following:

e The critical importance of differentiating from
retinoblastoma in young children

¢ Debates over treatment aggressiveness in a condition

that primarily affects children

Challenges in conducting clinical trials for a rare pedi-

atric condition

Questions about the role of newer therapies such as anti—

vascular endothelial growth factor (anti-VEGF) agents

in pediatric populations

METHODOLOGY

Following the appointment of 2 coordinators, the
Academia Retina Internationalis (ARI), the Asia-Pacific
Vitreo-retina Society (APVRS), and the Academy of
the Asia-Pacific Professors of Ophthalmology (AAPPO)
convened an international expert panel comprising 21
panelists from 14 countries and territories. The panelists
were invited based on their expertise, relevant publications,
and geographic location to ensure a good representation
of leading experts from around the world. A core group
of 4 members (D.S.CL., M.S., MM,, and N.VR.), se-
lected from the panelists, was established to conduct an
extensive literature review on Coats disease and draft the
initial consensus statements with explanatory elaborations.
English-only articles were included for literature review
from PubMed using the terminologies: Coats’ disease, laser,
cryotherapy, intravitreal steroid, anti-VEGF, subretinal fluid
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drainage, management, and complications. Duplicates were
screened manually and removed. Cross-references were
studied from references wherever relevant and included as
well. Because the primary focus of the literature review was
to identify common controversies and generate a consen-
sus, a literature review in the line of systematic review or
meta-analysis was not strictly followed. Instead, whenever
common Or existing controversies or consensus points were
identified, they were noted down and refined as necessary
for the voting exercise.

Each panelist independently and anonymously reviewed
the draft statements and provided feedback to the core
group. The core group evaluated the comments, revised the
statements accordingly, and circulated a second draft for fur-
ther input. This iterative process continued until consensus
was achieved.

For final approval, panelists anonymously voted on each
statement using a 5-point Likert scale (ie, strongly agree,
agree, neutral, disagree, and strongly disagree). A state-
ment was considered consensus-approved if >75% of ex-
perts voted either agree or strongly agree as per the method-
ology described in a previous consensus paper.'

OUTLINE

e DEFINITION AND CLASSIFICATION CONTROVERSIES:
Coats disease is most often unilateral, and the occurrence of
bilateral cases is considered controversial as of this writing.
Coats may rarely be seen in infants and adults, but more
commonly in boys >8 years old. It is 3 times more common
in males than females. Although bilateral cases in females
have been reported,” the evidence for truly bilateral cases of
Coats disease is contentious, and in the absence of genetic
evaluation, these cases could possibly reflect Coats plus or
Coats-like diseases. Shields and associates reported female
prevalence of 24%, with a higher occurrence of advanced
disease in females,'® but Daruich et al.'* failed to identify
any difference of Coats disease presentation between gen-
ders. Younger age at presentation has been found to be as-
sociated with advanced disease with poor prognosis.* 1©
Leber miliary aneurysm is considered as a milder form of
Coats disease with no hemorrhage, massive subretinal exu-
dation, or retinal detachment.’*® Type 1 macular telangiec-
tasia is considered as a milder form of Coats disease.’
Coats plus syndrome refers to a heterogenous goup of
Mendelian disorders linked to defects of telomere main-
tenance or Telomere biology disorders (TBD) character-
ized by bilateral telangiectasias, incomplete vascularization,
exudative retinopathy, neovascularization, and retinal de-
tachments.'?” The recessive disorder known as cerebroreti-
nal microangiopathy with calcifications and cysts caused
by CTCI mutations is emblematic of TBD with intrac-
erebral calcifications, leukodystrophy, and brain cysts.’ Pa-
tients present with spasticity, dystonia, seizures, ataxia, and
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TABLE 1. Comparative Description of Different Classification Systems.

Stage/Group ~ Gomez-Morales'? Sigelman'2 Shields et al'’ Daruich et al'3

1 Focal exudates Only telangiectasia Stage 1: Retinal telangiectasia only Stage 1: Retinal telangiectasia only

2 Massive exudation Focal exudates Stage 2: Telangiectasia with exudation: ~ Group 2: Macular exudation without

« 2A: Extrafoveal retinal detachment
exudation Stage 2: Telangiectasia with
+ 2B: Foveal exudation exudation:
+ 2A: Extrafoveal exudation
« 2B: Foveal exudation
— 2B1 without subfoveal nodule
— 2B2 with subfoveal nodule

3 Partial exudative Partial exudative Stage 3: Exudative retinal detachment: ~ Stage 3: Exudative retinal
retinal detachment retinal detachment » 3A1: Subtotal, extrafoveal detachment:

« 3A2: Subtotal, foveal « 3A1: Subtotal, extrafoveal

Stage 3B: Total exudative retinal « 3A2: Subtotal, foveal

detachment Stage 3B: Total exudative retinal
detachment

4 Total retinal Total retinal Stage 4: Total retinal detachment with Group 4: Total retinal detachment
detachment detachment glaucoma with glaucoma:

5 Complications (eg, Complications Stage 5: Advanced end-stage disease Stage 5: Advanced end-stage
chronic retinal (eg, phthisis, no light perception) disease (e.g., phthisis, no light
detachment, perception)
glaucoma)

TABLE 2. Key Differences in the Shields and Daruich Systems.

Feature Shields Daruich

Emphasis Extent of exudation/detachment Macular involvement (key for vision prognosis)

Usefulness Standard for staging and treatment planning Better for predicting visual outcomes

Clinical use All age groups Primarily for pediatric Coats disease

Limitations Stages 2A vs 2B do not reflect macular damage well New system, needs broader validation

cognitive decline. Vascular malformations may involve the
stomach, small intestine, and liver; osteopenia and poor
bone helaing may also occur.”

Coats-like response is a widely used term that describes
the fundus changes seen in cases of exudative retinopathies,
of multiple etiology including the group of familial exuda-
tive vitreoretinopathies linked to defects of the Wnt path-
way.210

Coats presents between the third and seventh decades,
progresses more slowly, and has a better visual outcome. In
a study by Hansraj and associates, the mean age at presenta-
tion was found to be 50 years—72% being men, with 90%
unilateral presentation. They found stage 2A and 2B to be
the most common stages of the disease.*

The Shields system encompasses all stages of the disease,
allowing every stage of the disease from only telangiectasia
to advanced end-stage disease to be categorized and sub-
classified and hence allow prognosis (in contrast to other
staging systems that are not as elaborate) (Table 1).

164 AMERICAN JOURNAL OF OPHTHALMOLOGY

Stages along with the fundus findings are as follows'':
1. Retinal telangiectasia only
2. Telangiectasia with exudation
2A. Extrafoveal exudation
2B. Foveal exudation
3. Exudative retinal detachment
3A. Subtotal detachment-
3Al. Extrafoveal
3A2. Foveal
3B. Total retinal detachment
4. Total retinal detachment with glaucoma
5. Advanced end-stage disease
The classification by Daruich and associates further sug-
gested subdivision of stage 2B into stage 2B1, without sub-
foveal nodule, and stage 2B2, with subfoveal nodule, the
presence of which affects the final visual outcome."” The
Shields and the Daruich are the most followed classifica-
tion systems. Table 2 describes the key differences between
the two.
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CONTROVERSIES AND CONSENSUS
STATEMENTS

SECTION 1: DEFINITION AND CLASSIFICATION
CONTROVERSIES

e COATS DISEASE VS COATS SYNDROME VS LEBER MIL-
IARY ANEURYSMS: Coats disease is a rare, unilateral, id-
iopathic retinal vascular disorder characterized by retinal
telangiectasias, aneurysmal dilations, and progressive ex-
udative retinal detachment. Coats plus syndrome is Coats
disease with extraocular manifestations such as cerebroreti-
nal microangiopathy with calcifications and cysts. Leber
miliary aneurysms is considered as a milder form of Coats
disease. Coats plus and other conditions with similar exuda-
tive retinopathy as seen in Coats with a Coats-like response
are now-a-days described as Coats-like phenotype instead of
referring to them as a spectrum of Coats disease which is an
older term usually reserved only for the unilateral pediatric
cases.

Consensus Statement 1.1: Coats disease, Coats syn-
drome, and Leber miliary aneurysms represent different spec-
tra of Coats-like phenotype. (Consensus score: 100% [strongly
agree: 29.41%; agree: 70.59%; neutral: 0%; disagree: 0%;
strongly disagree: 0%])

e UNILATERAL VS BILATERAL INVOLVEMENT CLASSIFI-
CATION: Coats disease is a unilateral disease, and the bi-
lateral forms reported most likely represent other condi-
tions from the Coats-like phenotype as noted earlier.'* In a
study evaluating the normal fellow eye of patients with uni-
lateral Coats disease, ultrawide-field imaging revealed pres-
ence of more microvascular anomalies than in the group
where both eyes were normal. However, the occurrence of
these anomalies was similar to the normal eye peripheral
anomalies in patients with other retinal vascular anoma-
lies.”> Another study evaluating Coats disease in female
population reported that bilateral Coats disease tends to be
more common in females than in males. However, in this
study, of the 11 bilateral patients (7 females), genetic test-
ing was done only in 3 and found to be Coats-plus instead
of true Coats disease.’

Consensus Statement 1.2: Bilateral Coats disease is more
likely to be a part of the spectrum of conditions from Coats-
like phenotypes rather than true Coats disease, and such bilat-
eral Coats-like phenotypes may be more common in females.
(Consensus score: 76.47% [strongly agree: 29.41%; agree:
52.94%; neutral: 11.76%; disagree: 5.88%; strongly disagree:
0%])

e IS EXUDATION REQUIRED FOR DIAGNOSIS: The pres-
ence of telangiectasia is enough to make a diagnosis of
the disease.!" The question of whether presence of ex-
udation is a requisite has been well explained in the
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classification by Shields and asociates,'! where they add
it in stage 2. Although the emphasis of that classifica-
tion is on extent and location of exudation, the pres-
ence of the precursor telangiectatic lesions is definitive of
diagnosis.

Consensus Statement 1.3: Telangiectasias are requisite to
making the diagnosis of Coats disease and presence, and know-
ing the extent of exudation helps in staging. (Consensus score:
100% [strongly agree: 60%; agree: 40%; neutral: 0%; dis-
agree: 0%; strongly disagree: 0%])

e ADULT-ONSET COATS DISEASE: IS IT DIFFERENT FROM
CHILDHOOD COATS?: Adult-onset Coats presents between
the third and seventh decades, progresses more slowly, and
has a better visual outcome. A study of 98 children with
Coats disease found that younger age at diagnosis is linked
to more severe stage, worse visual prognosis, and higher
complication risk. It revealed a highly significant inverse
correlation between age and severity of the disease at di-
agnosis. Disease stage, rather than age itself, independently
determined final visual outcome.'®

Consensus Statement 1.4: Adult-onset Coats is generally
milder and has a better prognosis. (Consensus score: 100%
[strongly agree: 47.06%; agree: 52.94%; neutral: 0%; dis-
agree: 0%; strongly disagree: 0%])

o CLASSIFICATION SYSTEMS: The Shields system encom-
passes all stages of the disease, allowing every stage of the
disease from only telangiectasia to advanced end-stage dis-
ease to be categorized and subclassified and hence allow
prognosis (in contrast to other staging systems that are not
as elaborate).!! The visual outcome influence of the sub-
foveal nodule incorporated in the Daruich classification
is an important functional parameter.” The classification
systems are not separate. Daruichs proposal is to split the
Shields 2B stage into 2B1 (without a nodule) and 2B2 (with
a nodule).

Consensus Statement 1.5: Shields classification system is
more complete, encompassing all stages of the disease, and is the
preferred staging system. A composite Shields-Daruich classifica-
tion could be helpful. (Consensus score: 100% [strongly agree:
29.41%; agree: 70.59%; neutral: 0%; disagree: 0%; strongly
disagree: 0%])

SECTION 2: ETIOLOGY AND PATHOGENESIS
CONTROVERSIES

e GENETIC VS SPORADIC NATURE: RARE FAMILIAL CASES
VS PREDOMINANTLY SPORADIC OCCURRENCE: Coats dis-
ease is an exclusively sporadic and nonhereditary condi-
tion. Reports of bilateral or familial occurrence are better
explained by Coats-like phenotypes within other genetic
entities (such as familial exudative vitreoretinopathies or
telomeropathies), rather than true Coats disease. However,
structural instabilities in chromosome 3 and 13 have been
found in Coats disease. Mutations in retinal proteins such as
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CRB1 and NDP have been linked to Coats-like exudative
vasculopathy, a distinct entity that mimics Coats disease in
appearance but arises in the context of syndromic or non-
syndromic retinitis pigmentosa, and should not be conflated
with classic Coats disease.”

Cremers and associates suggested that CRB1 gene (which
was found in retinitis pigmentosa with secondary exudative
vasculopathy), could be causative in Coats disease.'® Mu-
tations in Norrie disease gene, namely, somatic mutations
in mosaicism NDP'?>?° and PANK2°-?! also have been de-
scribed in Coats disease.

Consensus Statement 2.1: Molecular screening in Coats
disease is unnecessary but is mandatory in case of syndromic
or bilateral presentation. (Consensus score: 92.3% [strongly
agree: 15.38%; agree: 76.92%; neutral: 7.69%; disagree: 0%;
strongly disagree: 0%])

¢ ASSOCIATED SYNDROMES: COATS PLUS SYNDROME, AS
DESCRIBED EARLIER: Coats-like responses also can be seen
in familial scapulohumeral dystrophy (FSHD; seen in fe-
males with bilateral involvement)”’ telomeropathies or
telomere biology disorders and osteoporosis pseu- doglioma
syndrome, linked to the Wnt signaling pathway.’’!'®”
Coats-like responses are seen in multiple conditions lead-
ing to exudative retinopathies such as retinitis pigmen-
tosa,”*?° ocular toxoplasmosis,”® and vasoproliferative tu-
mors (VPTs).

Systemic syndromes showing Coats-like retinal findings
include CRB1-related retinopathy (Leber, autosomal reces-
sive RP),”” Senior-Loken syndrome,”® Turner syndrome,’”
and Parry-Romberg.*

Consensus Statement 2.2: Coats-like responses can be
seen in wvarious diseases but are usually milder and need a
less aggressive treatment approach. (Consensus score: 76.47%
[strongly agree: 5.88%; agree: 70.59%; neutral: 23.53%; dis-
agree: 0%; strongly disagree: 0%])

e SYSTEMIC SCREENING REQUIREMENTS: No systemic
screening guideline of patients with Coats disease has been
put forward.

Consensus Statement 2.3: Systemic screening is not rou-
tinely advised in Coats disease except in atypical presentations
such as bilateral disease in a young female. (Consensus score:
100% [strongly agree: 41.18%; agree: 58.82%; neutral: 0%;
disagree: 0%; strongly disagree: 0%])

e DEBATE OVER SUBSTAGE CLASSIFICATIONS WITHIN
EACH STAGE: The Gomez-Morales staging'”’! and Sigel-
man staging'’ focused on the clinical features of the dis-
ease but did not categorize them based on the importance
of the location of the features, hence helping to prognosti-
cate the disease. The Shields group, however, divided the
stages further into substages according to the location of
the disease,'! hence helping the treating physician to un-
derstand the prognosis because of sites of the exudates or
detachment. The addition of presence of subfoveal nodule
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to the Daruich classification was crucial in helping prognos-
ticate visual outcomes. '’

Brockmann et al.’” proposed a subclassification of stage
2B Coats disease in 2B1 and 2B2 based on the presence
of “typical foveal Coats vascular abnormalities” found in a
adult-onset group of patients (mean age of 17 y), in com-
plete ignorance of previous evidence-based definition of
2B1 (without sub-foveal nodule) and 2B2 (with sub-foveal
nodule) stages and its impact on the visual prognosis (see
Daruich!?). In addition the so-called “typical foveal Coats
vascular abnormalities” are virtually inexistant in pediatric
Coats’ disease (<1%; see Shields’). It makes no sense to
modify a classification based on less than 1% of the cases.

Consensus Statement 2.4: The substage classifications
in the Shields and Daruich classification systems help in dis-
ease prognostication and treatment planning. (Consensus score:
86.66% [strongly agree: 13.33%; agree: 73.33%; neutral:
13.33%; disagree: 0%; strongly disagree: 0%])

e SEVERITY-BASED VS LOCATION-BASED CLASSIFICA-
TIONS: In a study on 117 patients, to classify and manage
Coats disease by the Shields group,'! they emphasized
that the risk factors to predict poor outcomes include
postequatorial location, diffuse involvement, superior
location of the telangiectasias with exudation, incomplete
resolution of subretinal fluid after treatment, and lack
of retinal macrocysts, thus validating the importance of
subcategorization of the stages according to the location of
the disease.

Based on the classification, the treatment options varied,
with options such as observation or laser for stage 1 and sur-
gical repair in stage 3B. Hence, a severity-based classifica-
tion can help to plan the appropriate line of management
and prognosticate the disease. However, symptomatic cases
with stage 4 may need enucleation, whereas many eyes with
stage 5 can be observed.’ !

Hence, a comprehensive classification along with a thor-
ough examination and understanding of the patient’s symp-
toms is essential to treat and provide prognosis of the dis-
ease.

Consensus Statement 2.5: Secverity-based classification
with subcategorization of the disease such as Shields classification
allows treatment decisions and helps to prognosticate. (Consen-
sus score: 93.33% [strongly agree: 13.33%; agree: 80%; neu-
tral:6.67%; disagree: 0%; strongly disagree: 0%])

e DEBATE OVER INCORPORATING VISUAL POTENTIAL IN
STAGING: In the study by Shields,”” more advanced stages
of the disease indicated a probable need for enucleation and
poorer visual prognosis. However, visual acuity, even in ear-
lier stages of the disease, may be poor because of numerous
factors such as site and extent of exudation, fovea involv-
ing retinal detachment, presence of subfoveal nodule, ad-
verse effects of raised intraocular pressure, corneal edema,
cataract, subfoveal gliosis or scarring, vitreous hemorrhage,
strabismus, and amblyopia.
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Consensus Statement 2.6: Establishing a staging system
that incorporates visual potential is challenging because of factors
like chronicity and amblyopia, although certain clinical features
such as subfoveal involvement may strongly influence the out-
comes. (Consensus score: 92.86% [strongly agree: 21.43%;
agree: 71.43%; neutral: 0%; disagree: 7.14%; strongly dis-
agree: 0%])

e RELATIONSHIP TO OTHER RETINAL VASCULAR DISOR-
DERS: Coats-like response has been described in exuda-
tive retinopathies, secondary to retinal vascular disorders
such as retinal vein occlusion,’* retinal macroaneurysms,
capillary hemangiomatosis, VPT, and familial exudative
retinopathy.’ Eyes with Coats disease can also develop sec-
ondary VPT.

Consensus Statement 2.7: A relationship between Coats-
like response in various other retinal vascular disorders is well
known and described. (Consensus score: 64.71% [strongly
agree: 23.53%; agree: 41.78%; neutral: 17.65%; disagree:
11.76%; strongly disagree: 5.88%])

e PRESENCE OF AN INFLAMMATORY COMPONENT IN THE
PATHOGENESIS OF COATS DISEASE: Enucleated specimens
of Coats disease showed prominent infiltration by inflam-
matory cells within and adjacent to the retinal cells. On
immunohistochemical staining, macrophages were identi-
fied with perivascular T lymphocyte infiltration.*’

Further, cytokines such as interleukin 8 (IL-8), mono-
cyte chemoattractant protein 1 (MCP-1), and macrophage
inflammatory protein 1 alpha (MIP-1a) have been identi-
fied in the aqueous humor of patients with Coats disease;
the authors suggested the same for patients with refractory
macular edema, to find an ideal treatment modality.”®

This may also further validate the usage and response
noted with steroid agents in Coats disease.

Consensus Statement 2.8: There is a significant inflamma-
tory component involved in the pathogenesis of Coats disease.
(Consensus score: 84.61% [strongly agree: 15.38%; agree:
69.23%; neutral: 7.69%; disagree: 7.69%; strongly disagree:
0%])

e VEGF IN COATS DISEASE: In a comparative study done
to estimate intraocular VEGF levels in Coats disease and
rhegmatogenous retinal detachment, samples of subretinal
fluid, aqueous humor, and vitreous were compared. In eyes
with Coats disease, the VEGF level was 2394.5 pg/mL, com-
pared with 15.3 pg/mL in eyes with rhegmatogenous retinal
detachment.’’

In a study by Mano and associates, significant elevation of
VEGEF levels were seen in the subretinal fluid drained from
eyes with Coats disease, compared with the vitreous.’®

In the study by Zhao and associates, not only was the
VEGF concentration in the aqueous humor noted to be
higher in Coats disease eyes as compared to controls, it was
also noted to show significant increase with progression of
the stage of the disease, from stage 2 to 3B.””

VoL. 282

This explains the beneficial use of anti-VEGF agents in
management of the disease. Improved vascular density on
OCTA following the use of anti-VEGF agents has been
identified.*"*!

However, a study also compared the levels of VEGF in
different stages of Coats disease stagewise with a control
group and found that the mean aqueous levels of VEGF in
Coats stage 1 and 2 were not significantly different from the
control group.’” They also showed that the levels of VEGF
increase with increasing stage.’” As a result, whether raised
VEGEF levels are a cause or consequence is not precisely
known. But the role and efficacy of anti-VEGF agents as an
adjuvant has been validated by several groups as mentioned
above.

Consensus Statement 2.9: VEGF molecules play a role in
the pathogenesis of Coats disease. However, whether they are
the trigger or a consequence is not precisely known. (Consen-
sus score: 92.31% [strongly agree: 23.08%; agree: 69.23%;
neutral: 0%; disagree: 7.69%; strongly disagree: 0%])

e HISTOPATHOLOGY IN COATS: The main histopatho-
logic abnormality in Coats is breakdown of the blood-retina
barrier at the level of the vascular endothelium and loss of
pericytes and endothelial cells. Following this, leakage and
exudation occur.

Consensus Statement 2.10: Disruption of the pericytes and
endothelial cells is seen on histopathology in Coats disease. (Con-
sensus score: 100% [strongly agree: 15.38%; agree: 84.62%;
neutral: 0%; disagree: 0%; strongly disagree: 0%])

o LIPID ABNORMALITIES: In a study by Woods and asso-
ciates,*” no lipid abnormalities were noted in children with
Coats disease. However, the adult cases showed elevated
serum cholesterol, probably suggesting the difference be-
tween the 2 entities.

Consensus Statement 2.11: Lipid metabolism abnormality
may be seen in adult-onset Coats; however, it is not related
to the juvenile form in which the pathology is exudative in na-
ture. (Consensus score: 75% [strongly agree: 16.67%; agree:
58.33%; meutral: 16.67%; disagree: 0%; strongly disagree:
8.33%])

SECTION 3: DIAGNOSTIC CONTROVERSIES

Clinical diagnosis: Standardization of diagnostic criteria
and early disease recognition

Patients may complain of vision loss, yellow reflex pain,
nystagmus, and strabismus.

The anterior segment findings include megalocornea,
corneal edema, cholesterol deposition in the anterior cham-
ber, shallow anterior chamber, cataract, neovascularization
of the iris and heterochromia.

The posterior segment findings on indirect ophthal-
moscopy mainly include the following:

« Retinal telangiectasias or light bulb telangiectasia,’

fusiform appearance, usually in the periphery, with an in-
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creased chance of temporal or inferior quadrant involve-
ment’

¢ Occasional presence of macular or paramacular telang-
iectasia

* Widespread intraretinal exudation, including sites away
from the telangiectasia

* Migration of the exudation toward the macula

* Presence of fibroglial nodules with a predilection for sub-
foveal location

* Exudative retinal detachment

* Retinal hemorrhage

* Long-standing retinal detachment can lead to macro-
cysts, VPT, and vitreous hemorrhage

* Extramacular fibrosis and associated retinal traction in
the long term™

44,45

Complications

Iris and angle neovascularization can lead to neovascular
glaucoma. Ciliary nonperfusion areas are seen, around the
telangiectatic vessels. Neovascularization of the disc and
elsewhere are rarely seen; hence, vitreous hemorrhage is
also a rare complication. Retinal macrocysts and VPT can
be seen in long-standing detachments.

The classic triad to look out for in Coats disease, so as to
identify at an early stage include irregularly dilated telang-
iectatic vessels, peripheral nonperfusion areas, and exuda-
tive retinal detachment.*7*

Imaging approaches: Role of fluorescein angiography, op-
tical coherence tomography (OCT), and multimodal imag-
ing

1. Fundus fluorescein angiography”*: Common findings in-
clude (a) hyperfluorescence of the telangiectatic vessels
in the venous phase; (b) capillary nonperfusion areas; (c)
hypofluorescence along the areas of exudation, with late
staining; (d) leakage of dye from the abnormal vessels;
(e) macular edema hyperfluorescence around the foveal
avascular zone; and (f) rarely, leaky neovascularization
of the iris and disc.

2. Ultrasound B scan shows the exudative retinal detach-
ment and subretinal exudation often noted in the form
of subretinal dotlike echoes.

3. OCT helps in identification of macular edema, subreti-
nal or intraretinal fluid, presence of vitreomacular trac-
tion, or epiretinal membranes. It can also help to docu-
ment the subfoveal choroidal thickness and central mac-
ular thickness.”’

4. OCT angiography can be helpful in disease monitoring.
The features that have been described include chori-
oretinal anastomoses, abnormal foveal vascular loops,
and choroidal flow voids.*® Some studies have also re-
ported foveal avascular zone abnormalities in the fellow
eye?’; however, these cases were most likely Coats-like
conditions.

5. Magnetic resonance imaging (MRI) is rarely used for
Coats diagnosis but can help in differentiating it from
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retinoblastoma. The exudates appear hyperintense in
both T1- and T2-weighted images, whereas the tumor
shows hypointensity in T2 in case of retinoblastoma.

6. Computed tomography (CT) can be used to differen-
tiate the presence of calcification in retinoblastoma,
as opposed to the absence of the same in Coats dis-
ease. However, approximately 20% of eyes with Coats
disease can show calcification due to bone formation

along the vessel walls and calcification of the submacular
nodule.”*>?

Differential ~ diagnosis: Critical distinction  from
retinoblastoma and other simulators

The most important differential for Coats disease remains
retinoblastoma, and is crucial for differentiating the two be-
fore beginning the treatment.

The other conditions that can mimic Coats disease in-
clude causes of leukocoria such as stage V retinopathy
of prematurity, persistent fetal vasculature, Toxocara in-
fection, endophthalmitis, and conditions arising from the
Norrin/B-catenin signaling pathway, for example, familial
exudative vitreoretinopathy and Norrie disease. Table 3
shows some distinguishing features between Coats disease
and retinoblastoma.

Stage V retinopathy of prematurity can be differentiated
by the history of prematurity. It is usually a bilateral dis-
ease and characteristically shows the presence of a trac-
tional retinal detachment instead of exudative retinal de-
tachment.

Familial exudative vitreoretinopathy is a genetically het-
erogenous inherited disorder, with variable penetrance. It is
typically bilateral with extensive neovascularization, lead-
ing to vitreoretinal traction, folds, and tractional reti-
nal detachment. It can occasionally present with exuda-
tive retinal detachment as well. Extensive avascular pe-
ripheral retina is noted, with dragged retinal vessels and
macula.

Persistent fetal vasculature is a sporadic and unilateral
disease. Small-sized eye with the presence of a retrolental
fibrous tissue is a determinant feature.”' A stalk that arises
from the disc toward the inferonasal part of the lens is seen.
The ciliary processes are elongated, behind the lens, as the
fibrous tissue exerts centripetal traction over it.

In toxocariasis, the patient presents with a history of ex-
posure to pets, unilateral disease, and a quiet appearing eye.
A peripheral granuloma is noted with extension of fibrous
tissue from the granuloma to the optic disc. It may be asso-
ciated with tractional retinal detachment, and can have an
associated central nervous system involvement.

For endophthalmitis, usually there is a history of trauma,
surgery, or sepsis. Patients present with pain, redness, eye-
lid edema, and watering. Circumcorneal and conjunctival
congestion are classically seen.

The hallmarks of Norrie disease are the presence of mi-
crophthalmia and corneal opacification. It is associated
with developmental delay and deafness.’”>>’
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TABLE 3. Distinguishing Features Between Coats Disease and Retinoblastoma.

Category Retinoblastoma Coats disease
Age group, y 0-5 2-10
Laterality Unilateral/bilateral Unilateral
Vitreous seeds Present Absent

Fundus reflex White (leukocoria)

Yellowish (xanthocoria)

Vascular malformation +/- +++ Hallmark feature
Mass Intraretinal/subretinal/vitreal with white lesions within the Clump exudates causing subretinal mass—like
retina, obscuring the vessels appearance
Calcium ++-+ (masslike) +/— (plaquelike)
Exudative RD + +++
USG Mass lesion Can see all layers
Highly reflective calcium blocking, sclera may not be seen Exudative RD with subretinal exudation
CT Calcification Ground-glass appearance
MRI Mass lesion: hyper on T1, hypo on T2 Exudation remains hyper on T1 and T2

+++ Probability of occurrence.

CT = computed tomography, MRI = magnetic resonance imaging, RD = retinal detachment, USG = ultrasonography.

¢ CONTROVERSY OVER ATYPICAL PRESENTATION INCLU-
SION: PEDIATRIC VS ADULT DIAGNOSTIC CRITERIA DIF-
FERENCES:

Features of adult-onset Coats disease (AOCD)

The typical distinguishing features include an increased
macular involvement, and the most common clinical
feature identified was hard exudates.’**® Microaneurysm,
cystoid macular edema, and subretinal fluid were also
noted.”*° On OCT, intraretinal fluid, hard exudates, and
disorganization of the inner retinal layers were seen. Irreg-
ularity of the foveal avascular zone was noted on angiog-
raphy, with microaneurysms and capillary nonperfusion ar-
eas.”Y The authors also noted a lower incidence of retinal
detachment and neovascular glaucoma compared with the
pediatric population.*’* Surgical intervention and enucle-
ation were very rarely needed, and most eyes had a good
prognosis, with better visual acuity compared with the pe-
diatric disease.”’

Table 4 shows a summary of findings from some studies
on Coats disease.

Consensus Statement 3.1: Adult-onset Coats is usually
mild and does not require subretinal fluid drainage but can be
treated with intravitreal steroids, anti-VEGF agents, and laser
photocoagulation. (Consensus score: 100% [strongly agree:
23.53%; agree: 76.47%; neutral: 0%; disagree: 0%; strongly
disagree: 0%])

¢ IMAGING CONTROVERSIES:

Fluorescein Angiography: Necessity in all suspected cases vs
selective use

Considering the young age at presentation, and difficulty in
performing a fundus fluorescein angiography (FFA) without
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the usage of sedation or general anesthesia, FFA can be re-
served for cases where there remains a diagnostic dilemma
after thorough fundus evaluation, with equivocal results on
noninvasive investigation modalities such as ultrasound B
scan and MRI.

Consensus Statement 3.2: Angiography is strongly recom-
mended in every single case of Coats to identify leaking vascular
anomalies and delineate the extent of the affected retina includ-
ing nonperfusion to aid treatment. (Consensus score: 92.85%
[strongly agree: 57.14%; agree: 35.71%; meutral: 0%; dis-
agree: 7.14%; strongly disagree: 0%])

Pediatric angiography safety and cooperation issues

As discussed above, most children will need to be sedated
or anesthetized to perform the angiography. Option of in-
travenous versus oral FFA can be considered, the latter
being relatively safer.’’ The rare adverse effects of oral
FFA include discoloration of skin and temporary stain-
ing of teeth. The risks involved in intravenous angiog-
raphy include anaphylaxis, which needs prompt manage-
ment. Anesthetic risks remain in both types of angiogra-
phy. Procedural difficulties may be overcome under anes-
thesia using the angiography module of a handheld fundus
camera.

Consensus Statement 3.3: Angiography is difficult in chil-
dren but should be strongly recommended to be performed under
general anesthesia if the facility of handheld fundus camera with
angiography module is available. (Consensus score: 92.85%
[strongly agree: 35.71%; agree: 57.14%; neutral: 7.14%; dis-
agree: 0%; strongly disagree: 0%])

Wide-field imaging necessity debate

Ultrawide-field imaging and angiography is important in
identifying peripheral telangiectasias, aneurysms and pe-
ripheral capillary nonperfusion or leakage.®” This can help
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TABLE 4. Summary of Findings From Some studies of adult-onset Coats disease.

Study (Year) Sample Age Range / Mean Key Clinical Features Visual Outcomes
Rishi et al, 2016 ©° 48 eyes Mean 47 y Localized (<6 h), unilateral (83%); 35% improved, 48%
hypertension (22%); presenting vision loss  stabilized, 12% worsened
(83%); telangiectasia, exudation
Smithen et al, 2005 %° 13 eyes 36-79 y (mean 50 y) Unilateral, male predominance (12/13); Average —2.1 lines vision

Otani et al, 2012 57 2 case studies

(>10-y follow-up)

71and 76 y

Sakurada et al, 2018 ° Case report ~Middle-aged adults

Stephen et al, 2024 N/A Adults aged >35y
(review) 5°

Banerjee et al, 2023 N/A Adults
(review) %8

telangiectasia, lipid exudation, macular loss; stable or improved

edema, hemorrhage; limited (<6 h) in many
involvement
Subretinal exudation; treated with laser + VA improved to 20/20
cryotherapy and 20/200 and
remained stable
Multimodal imaging: FA, OCT findings Not specified

detailed; telangiectasia, exudates
Telangiectasia, exudation; slower Discusses management
progression; less neovascular glaucoma but no raw VA data
Imaging characteristics, staging into 4 —
categories, localized exudation

FA = fluorescein angiography, OCT = optical coherence tomography, VA = visual acuity.

to establish diagnosis, and more importantly aid in appro-
priate laser treatment and follow-up. In bilateral cases, the
asymmetry of the disease between the 2 eyes can be identi-
fied. However, considering the difficulty in performing the
same because of the younger children’s lack of coopera-
tion, it will need to be performed under sedation or under
anesthesia.

Consensus Statement 3.4: Wherever available, wide-field
angiography should be performed in adults and in coopera-
tive children to identify peripheral leaking vascular anoma-
lies. (Consensus score: 100% [strongly agree: 64.29%;
agree: 35.71%; neutral: 0%; disagree: 0%; strongly disagree:
0%I)

B-scan ultrasonographic evaluation

B-scan ultrasonography is particularly relevant to differenti-
ate from retinoblastoma, which shows irregular mass lesion
with high intralesional echogenicity, suggestive of calcifi-
cation, with orbital shadowing. It may be associated with a
retinal detachment. In addition, the sclera may be blocked
because of the calcification.

In Coats disease, all the layers can be seen clearly, with
presence of an exudative retinal detachment and subreti-
nal exudative material. The movements of the subreti-
nal cholesterol crystals under the bullous exudative reti-
nal detachment are seen in Coats disease but never seen
in retinoblastoma.

Consensus Statement 3.5: Although ultrasonography may
aid in differentiating between Coats disease and retinoblastoma,
it is not conclusive, particularly in differentiating anterior diffuse
infiltrating retinoblastoma. Often neuroimaging such as MRI
and clinical acumen is required for differentiation. (Consensus
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score: 100% [strongly agree: 52.94%; agree: 47.06%; neutral:
0%; disagree: 0%; strongly disagree: 0%])

SECTION 4: TREATMENT CONTROVERSIES

Laser photocoagulation: Technique variations and technology
selection

Laser photocoagulation is an effective method to treat the
telangiectatic vessels, enlarged aneurysms, and avascular
retina to control the exudation and prevent neovascular-
ization. Green laser (double-frequency Nd-YAG laser 532-
nm) or yellow laser (577-nm) can be used. Low power, large
spot size, and longer-duration burns are suggested. Laser is
usually indicated in early stages of the disease, stage 1-3a
usually, with no retinal detachment.®’

In adult patients, laser to the focal leaks threatening the
fovea can be performed, along with laser to the telang-
iectatic vessels with active exudation and peripheral non-
perfusion areas. Focal leaks away from the fovea need not be
treated. Multiple sittings of laser are often needed to control
the disease. In such cases, an interval of at least 3 months
should be allowed between the episodes. Figure 1 shows re-
duction in hard exudation and resolution of CMO after the
first sitting of focal laser with adjuvant anti-VEGF injec-
tion at the 3-month follow-up, and Figure 2 shows sequen-
tial resolution after focal laser to telangiectasias in another
case of Coats disease.

In cases with extensive retinal detachment, double
freeze-thaw cryotherapy can be performed to treat periph-
eral vascular malformations instead of laser. A transient in-
crease in exudation and subretinal fluid can be seen after
cryotherapy. The safe recommendation includes cryother-
apy up to 2 quadrants, with a gap of 4 weeks between the 2
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FIGURE 1. Wide-field SLO images of a 16-year-old boy with Coats disease OS. A. Top left: pre-laser first sitting. B. Top right:
follow-up 3 months post-laser and 1 injection of anti-VEGE Marked locations in corresponding areas of (A) and (B)—black and
green ovals, maroon rectangle, and blue circle over macula—show reduction in hard exudates. Black solid arrows in (A) and (B)
show the corresponding reduction in telangiectasias and hemorrhages post laser. C. Color fundus montage showing pretreatment
picture. D. Color fundus montage post laser treatment showing reduction in hard exudates similar to the SLO image above. E. OCT
image shows ERM with nasal IRF and CMO with discontinuity in the outer retinal layers. E. OCT image shows decreased IRF and
CMO post 1 anti-VEGEF injection at 3-month follow-up. anti-VEGF = anti—vascular endothelial growth factor, CMO = cystoid
macular edema, ERM = epiretinal membrane, IRF = intraretinal fluid, OCT = optical coherence tomography, OS = oculus sinister
(left eye), SLO = scanning laser ophthalmoscopy. (Figure 1 was contributed by D.S.C.L., original author.)

cycles. In case of application over the same area, a gap of 3
months is warranted.’

Consensus Statement 4.1: The aim of laser treatment is
to ablate the avascular retina and occlusion of the telangiectatic
vessels, and hence the preferred wavelength is 532 nm or 577
nm. (Consensus score: 100% [strongly agree: 46.67%; agree:
53.33%; neutral: 0%; disagree: 0%; strongly disagree: 0%])
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Anti-VEGEF therapy: Role in treatment algorithm and agent
selection

Anti-VEGF agents are useful in treating macular edema, re-
gression of abnormal vessels, and stabilization of the telang-
jectatic vessels and aid in stabilization of vision.”> How-
ever, although VEGF levels are found to be increased in
Coats disease, it is not involved in the pathogenesis of
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FIGURE 2. Case of OS Coats disease. A. Top left: Color fundus montage showing extensive hard exudates involving the fovea (black
solid arrow), extrafoveal hard exudates (green chevron), and abnormal telangiectatic vessels (green oval marked area). B. Top right:
FA montage revealing lightbulb telangiectasias (green oval marked area). C. Bottom left: 4 months post laser significantly reduced
foveal and extrafoveal exudation (solid black arrow and green chevron); note no visible telangiectasia. D. Bottom right: 8 months
post laser, the foveal and extrafoveal hard exudates are completely resolved (solid black arrow and green chevron). FA = fluorescein
angiography, OS = oculus sinister (left eye). (Figure 2 was contributed by N.V.S., original author.)

the disease. The increase in mean aqueous levels of VEGF
in Coats disease seems to be stage dependent, leaving
open the question of cause or effect. Therefore anti-VEGF
agents are used as an additional modality of treatment, not
primarily.

There have been reports that suggest the possibility of oc-
currence of choroidal neovascularization and macular scar-
ring.*»% This maybe an indication for the effective usage
of anti-VEGF agents.

Some authors have also noted the downsides of using
anti-VEGF agents in Coats disease. One study discussed
8 patients who underwent intravitreal bevacizumab along
with cryotherapy or laser. Half the patients developed vit-
reoretinal fibrosis and approximately 27% developed trac-
tional retinal detachment,’® whereas extramacular fibrosis
in the long run is well reported by another group.*® Further,
hyaloid contraction, leading to a traction retinal detach-
ment, is another complication associated with anti-VEGF
injection administration.®’ Hence, careful and judicious use
of anti-VEGF agents is advised. Safety for the child must
also be ensured.

Consensus Statement 4.2: Anti-VEGF agents may aid
in treatment of Coats disease but is not the primary agent
of choice. (Consensus score: 100% [strongly agree: 46.67%;
agree: 53.33%; neutral: 0%; disagree: 0%; strongly disagree:
0%])
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Surgical management: Vitrectomy indications and retinal
detachment approaches

The indications for vitrectomy include complex retinal de-
tachment and extensive exudation. In a study by Schmidt-
Erfurth and Lucke, they reported successful management
of complications of Coats disease with scleral buckling,
pars plana vitrectomy, internal drainage of the subreti-
nal fluid, and tamponade with silicone o0il.®® They re-
ported good visual outcomes in all eyes. In another
study of 5 patients who underwent vitrectomy, internal
drainage of subretinal fluid, and silicone oil tamponade,
all patients noted improvement in vision, with no sec-
ondary complications.”” In a study on 23 eyes that un-
derwent vitrectomy with tamponade, 7 eyes needed re-
vision surgery. Eight eyes had improved vision, 3 re-
mained stable, and 6 showed decline in vision. None
needed enucleation, or progressed to neovascular glau-
coma. '

However, extensive proliferative retinopathy can occur
with internal drainage of subretinal fluid. Rishi and asso-
ciates suggested the benefit of external drainage to com-
bat this issue, along with cryotherapy, and showed promis-
ing results.”” The technique of subretinal fluid drainage
employed was transconjunctival tangential entry into the
subretinal space at the point of highest bulbosity, approx-
imately 7 to 10 mm from the corneoscleral limbus gener-
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ally in the inferotemporal or inferonasal quadrant, by us-
ing a 26-G needle connected to a 2-mL syringe without
plunger and bevel of the needle facing the retinal pig-
ment epithelium while simultaneously injecting saline so-
lution using a 30-G needle through the pars plana, 3.5 mm
from the corneoscleral limbus, to compensate for the hy-
potony during subretinal fluid drainage.”! This simple tech-
nique achieves reattachment of the retina or at least de-
creases the bullous detachment sufficiently enough to al-
low laser treatment of vascular malformations. Another
method of drainage includes lamellar scleral dissection.
This can be combined with placement of an encircling
band, depending on the case and the surgeon’s discre-
tion.

Scleral buckling with external drainage of subretinal fluid
using a scleral cut-down technique and cryotherapy has also
shown promising results.”’

Consensus Statement 4.3: Where possible, it is preferable
to perform external drainage of subretinal fluid and reattach the
retina rather than perform vitrectomy. (Consensus score: 100%
[strongly agree: 47.06%; agree: 52.94%; neutral: 0%; dis-
agree: 0%; strongly disagree: 0%])

Enucleation considerations: Indications and alternative
approaches

The rates of enucleation for Coats are on a decline over
the years. The indication includes advanced disease with a
painful blind eye, or neovascular glaucoma with advanced
disease.”” Other clinical features that predict the need for
enucleation include iris neovascularization and extensive
extent of light bulb aneurysms.”’ Alternative approaches
could be symptomatic management of pain and intraocu-
lar pressure management if needed by a cyclophotocoagu-
lation.

Consensus Statement 4.4: It is better to enucleate a
blind eye than perform biopsy, wherein one is unable to rule
out retinoblastoma. (Consensus score: 80% [strongly agree:
33.33%; agree: 46.67%; neutral: 13.33%; disagree: 6.67%;
strongly disagree: 0%])

Controversy over enucleation vs observation in ambiguous
cases

In ambiguous cases, where it is near impossible to rule
out retinoblastoma with noninvasive tests, biopsy tech-
niques are not advised.”” Considering the extensive nature
of the disease and poor prognosis, leading to the diagnos-
tic dilemma, enucleation is recommended, so as to avoid
life-threatening complications because of missed diagnosis
of retinoblastoma.

Consensus Statement 4.5: Enucleation is seldom per-
formed as a treatment option in Coats disease and is limited
to eyes wherein one cannot rule out retinoblastoma with cer-
tainty or in unsightly, painful blind eyes. (Consensus score:
100% [strongly agree: 47.06%; agree: 52.94%; neutral: 0%;
disagree: 0%; strongly disagree: 0%])
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Treatment timing and indications: Early intervention vs
observation
Mild cases with retinal telangiectasias alone (Shields stage
1) with no exudation or imminent risk of vision loss can be
observed periodically. If exudation is noted, laser photoco-
agulation is warranted. Additionally, more severe stages of
the disease that are asymptomatic can be observed.
Consensus Statement 4.6: Mild cases of the disease, not
involving the posterior pole or wvision threatening, can be ob-
served. (Consensus score: 82.35% [strongly agree: 23.53%;
agree: 58.82%; neutral: 5.88%; disagree: 5.88%; strongly dis-
agree: 5.88%])

Minimal disease treatment thresholds: Controversy over
asymptomatic disease management
Focal leaks that are not involving the posterior pole, need
not be treated. They can be periodically followed up and
observed. The leaks that are threatening the fovea and
advanced stages of the disease should be treated, even if
the patient remains asymptomatic. Possibility of ablatio fu-
gax or drop in vision after laser to posterior lesions needs
to be discussed as macular edema may increase post laser.
Sometimes foveal migration of hard exudates and resultant
plaque formation also causes drop in vision in the long term.
Consensus Statement 4.7: Asymptomatic diseases may still
warrant treatment, especially if threatening the fovea. (Consen-
sus score: 100% [strongly agree: 47.06%; agree: 52.94%; neu-
tral: 0%:; disagree: 0%; strongly disagree: 0%])

Controversy over treatment continuation in poor-prognosis
cases: Quality of life vs anatomical success
considerations—resource allocation in developing countries
Maintaining globe and anatomical integrity, despite poor
prognosis and advanced disease with a probable blind eye,
is important. It not only maintains the appearance but be-
comes important in the overall development of the phys-
ical and mental status of the child. Laser, cryotherapy, or
surgery may not be warranted in advanced asymptomatic
cases. However, the option of enucleation should be consid-
ered in those with a painful blind eye, who need multiple
treatment modalities to control the disease and maintain
intraocular pressure.

Consensus Statement 4.8: The risks and benefits should be
weighed up before continuing treatment in poor-prognosis cases,
especially in low-resource countries. (Consensus score: 88.24%
[strongly agree: 47.06%; agree: 41.18%; neutral: 11.76%;
disagree: 0%; strongly disagree: 0%])

Laser photocoagulation: Treatment technique
variations—direct photocoagulation vs scatter approaches
Direct laser photocoagulation to the abnormal vessels is
usually done. Scatter laser can be used in the thickened
areas of the retina. Focal leaks threatening the fovea are
treated directly with laser. A conventional green or yellow
laser with a relatively long duration (0.1-0.5 seconds) is pre-
ferred to produce effective closure of the vessels.”* Laser

INTERNATIONAL CONSENSUSES AND GUIDELINES ON COATS DISEASE 173



photocoagulation also has been a traditional mainstay in
treating Coats disease, used to obliterate aberrant retinal
vessels and halt the progression of vascular leakage.”>
The procedure can be guided by fluorescein angiography
to accurately target areas of abnormal blood vessel growth
while minimizing collateral damage to healthy tissues.”’>"®
It is crucial to acknowledge, however, that laser photocoag-
ulation is not devoid of limitations, as it can lead to inflam-
matory responses that create traction on the retina, poten-
tially resulting in epiretinal membrane formation and com-
plications such as retinal detachment.”’

Consensus Statement 4.9: Direct treatment of aneurysmal
lesions as well as dilated, telangiectatic vessels is recommended,
with the hemoglobin being the pigment absorbing the laser en-
ergy. (Consensus score: 100% [strongly agree: 47.06%; agree:
52.94%; neutral: 0%; disagree: 0%; strongly disagree: 0%])

Controversy over treatment extent beyond visible disease: treat
CNP areas as well or treat only vascular malformations

Most authors advise FFA-guided treatment of the capillary
nonperfusion areas, with laser, along with the treatment of
the vascular malformations.

Consensus Statement 4.10: Laser treatment may be di-
rected at areas of capillary nonperfusion once the retina is at-
tached, in addition to treating the vascular malformations. (Con-
sensus score: 100% [strongly agree: 35.29%; agree: 64.71%;
neutral: 0%; disagree: 0%; strongly disagree: 0%])

Cryotherapy: Indications, contraindications, and technical
considerations

Cryotherapy is chosen over laser to treat peripheral vas-
cular malformations, or over sites of exudative retinal de-
tachment with vascular abnormalities where laser is not
feasible.! 7 This method effectively targets abnormal pe-
ripheral retinal vasculature, promoting structural changes
that can prevent further exudative complications. Local-
ized freezing helps to significantly reduce vascular leakage,
thereby facilitating the resolution of subretinal fluid and
enhancing the chances of retinal reattachment.’*5%8! In
cases of retinal detachment where laser treatment is not fea-
sible, but where the cryoprobe can still be positioned close
to the telangiectatic vessels using scleral indentation, dou-
ble freeze-thaw cryotherapy offers a viable alternative. This
approach is particularly suitable for peripheral lesions, in-
cluding stage 3A and 3B disease.!' Cryotherapy can, how-
ever, increase the exudative detachment, or cause macular
edema because of the transient rise in inflammatory fac-
tors and may temporarily worsen subretinal exudation or
exacerbate retinal detachment—a phenomenon known as
ablatio fugax.'""> Cryotherapy often requires multiple ses-
sions. To minimize risks, it is generally recommended to
limit cryotherapy to no more than 2 quadrants per session,
with a 4-week interval between treatments. If retreatment
in the same area is necessary, it should be delayed for at least
3 months, similar to laser therapy protocols, to allow suffi-
cient time for exudation to resolve.'! It is also conveniently
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practiced in combination with anti-VEGF or intravitreal
steroid agent, along with subretinal fluid drainage. A double
freeze-thaw cryotherapy is recommended in Coats disease.

Consensus Statement 4.11a: Cryotherapy is indicated in
peripheral vascular malformations, and to treat such malforma-
tions in areas of exudative retinal detachment where laser treat-
ment is not feasible. (Consensus score: 76.47% [strongly agree:
29.41%; agree: 47.06%; neutral: 5.88%; disagree: 17.65%;
strongly disagree: 0%])

Consensus Statement 4.11b: A double freeze-thaw
cryotherapy is recommended in Coats disease. (Consensus
score: 88.23% [strongly agree: 11.76%; agree: 76.47%; neu-
tral: 11.76%; disagree: 0%; strongly disagree: 0%])

Cryotherapy vs laser photocoagulation selection criteria

[t is preferable to use laser photocoagulation than cryother-
apy wherever possible. Laser causes less inflammation post
treatment. Cryotherapy can transiently worsen the subreti-
nal fluid and detachments.

Consensus Statement 4.12: Itis preferable to use laser pho-
tocoagulation than cryotherapy wherever possible. (Consensus
score: 100% [strongly agree: 52.94%; agree: 47.06%; neutral:
0%; disagree: 0%; strongly disagree: 0%])

Role of intravitreal steroids

Intravitreal steroids such as triamcinolone acetate or dex-
amethasone implant is used as an adjuvant therapy. The use
of intraocular and periocular corticosteroids represents an-
other strategic approach aimed at reducing intraocular in-
flammation, resolution of exudates, and edema associated
with Coats disease.”” %28 Corticosteroids, such as triamci-
nolone acetonide or dexamethasone implant administered
locally, have demonstrated efficacy in decreasing subretinal
fluid accumulation, thus facilitating an environment con-
ducive to the healing of retinal structures.*>**> Combining
these agents with anti-VEGF therapy may yield synergistic
benefits, particularly in cases of extensive macular edema
and persistent exudation where standalone treatments fall
short.79-82,83

They also can be used to combat the inflammatory side
effects of therapeutic agents such as laser or cryotherapy.
The adverse effects of steroids include cataract formation
and glaucoma.

Consensus Statement 4.13: Intravitreal steroids may be
combined with anti-VEGF agents in Coats disease for a syner-
gistic effect as adjuvants to laser treatment. (Consensus score:
94.12% [strongly agree: 17.65%; agree: 76.47%; mneutral:
0%; disagree: 5.88%; strongly disagree: 0%])

Combination Approaches: Anti-VEGF plus laser/cryotherapy
sequencing

The introduction of anti-VEGF agents into the therapeu-
tic arsenal has notably revolutionized the management of
Coats disease, especially in recurrent or severe cases that
do not respond adequately to standard therapies.***® These
agents work by inhibiting the proliferative effects of VEGE,
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which is frequently elevated in Coats disease because of
abnormal vasculature and retinal ischemia. Studies have
shown that combination therapies involving anti-VEGF
injections are particularly beneficial when used along-
side cryotherapy or laser treatments, leading to improved
anatomical and functional outcomes.*>%7 Such approaches
may augment the resolution of exudative complications and
ultimately contribute to visual recovery. To combat the risk
of tractional retinal detachment secondary to anti-VEGF
injection, a study was conducted to understand the com-
bined treatment of anti-VEGF with laser.®” It was found
that laser combined with anti-VEGF was protective against
vitreoretinal fibrosis, and tractional retinal detachment as
compared to cryotherapy with anti-VEGE

Consensus Statement 4.14: Combination of anti-VEGF
with laser is preferred over anti-VEGF with cryotherapy. (Con-
sensus score: 100% [strongly agree: 47.06%; agree: 52.94%;
neutral: 0%; disagree: 0%; strongly disagree: 0%])

Techniques of subretinal fluid drainage: combination with laser
and intravitreal steroid

Usually the telangiectatic vessels are treated with laser, af-
ter subretinal fluid drainage, or cryotherapy. It is often com-
bined with an intravitreal steroid agent to reduce the ex-
udation and macular edema, if any. The post-cryotherapy
inflammation also can be controlled by using an intravit-
real steroid agent. Subretinal fluid drainage can be aided
by using an anterior chamber maintainer in select cases.
Cryotherapy and laser also can be performed with the aid
of an endoilluminator.

Consensus Statement 4.15a: Subretinal fluid drainage
through external approach is often combined with laser ablation
andfor intravitreal steroid injection. (Consensus score: 94.11%
[strongly agree: 35.29%; agree: 58.82%; neutral: 5.88%; dis-
agree: 0%; strongly disagree: 0%])

Consensus Statement 4.15b: It is best to avoid internal
subretinal fluid drainage through a small retinotomy as it car-
ries a high risk of subsequent nonclosure. (Consensus score:
100% [strongly agree: 52.94%; agree: 47.06%; neutral: 0%;
disagree: 0%; strongly disagree: 0%])

Use of anterior chamber maintainer to aid subretinal fluid
drainage or inject in to the vitreous cavity
An anterior chamber (AC) maintainer can be used to avoid
sudden hypotony, during subretinal fluid drainage. How-
ever it should be well secured, and should not be mobile.
In which case, an inadvertent lens touch can occur. Infu-
sion in the anterior chamber is in general safer than inject-
ing into the vitreous as it avoids inadvertent retinal injury
(Figure 3).7

Consensus Statement 4.16: An anterior chamber main-
tainer is safer to avoid hypotony over needle injection into the vit-
reous cavity during subretinal fluid drainage. (Consensus score:
82.36% [strongly agree: 41.18%; agree: 41.18%; neutral:
11.76%; disagree: 5.88%; strongly disagree: 0%])
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Need for tamponade and role of silicone oil

Pars plana vitrectomy with or without transscleral drainage
and silicone oil tamponade has been reported as an al-
ternative treatment for Coats disease with retinal detach-
ment.?” %8 Although vitreoretinal surgery with silicone
oil tamponade is associated with several disadvantages, par-
ticularly in children, such as cataract formation necessitat-
ing lensectomy, it remains a widely accepted practice.

Silicone oil may be preferred in certain complex cases on
a case-by-case basis, as it can provide additional stability
and support in challenging surgical situations.

Consensus Statement 4.17: Long-term silicone oil tam-
ponade may be preferred in some cases following vitrectomy
in Coats disease. (Consensus score: 88.23% [strongly agree:
5.88%; agree: 82.35%; neutral: 11.76%; disagree: 0%;
strongly disagree: 0%])

Do all cases of stage 3 and 4 warrant surgery?

[t remains patient specific, with adequate surgeon discre-
tion. Surgery is usually planned for detachments that are
amenable to treatment and can be settled. Posterior pole
status, presence of fibrosis, scarring, extent of exudation and
detachment, intraocular pressure, and the other eye sta-
tus also play an important role in management. In cases
with subretinal fluid, in which the laser does not take ef-
fect and cryotherapy may worsen the anatomic structure,
the endolaser photocoagulation performed via a 2-port pars
plana no-vitrectomy approach may take effect. Zhao and
associates reported that the approach combined with ex-
ternal drainage of subretinal fluid and intravitreal injection
of anti-VEGF is an effective treatment for advanced Coats
disease with serous retinal detachment.”®”? Still, it is more
invasive than regular laser photocoagulation and should be
performed with caution.

Consensus Statement 4.18: All cases of stage 3 and 4 of
Coats disease do not warrant surgery: it should be a patient-
specific decision. (Consensus score: 70.59% [strongly agree:
17.65%; agree: 52.94%; neutral: 5.88%; disagree: 17.65%;
strongly disagree: 5.88%])

Indications for enucleation in stage 5
Enucleation can be considered in cases of painful blind eye
and for appearance purposes.

Consensus Statement 4.19: Painful blind eye and ap-
pearance are the indications of enucleation in stage 5 disease.
(Consensus score: 94.12% [strongly agree: 23.53%; agree:
70.59%; neutral: 5.88%; disagree: 0%; strongly disagree:
0%I)

SECTION 5: SPECIAL POPULATION CONTRO-
VERSIES

Adult-onset disease: Different characteristics and treatment
approaches

Difference in the features seen in Coats among adults,
as compared to the pediatric population, is as mentioned
above. In the study by Hansraj and associates on Coats,’*
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FIGURE 3. Surgery for stage 3B Coats disease in an 8-year-old boy. A. Total exudative retinal detachment before the surgery. B.
External subretinal fluid drainage. C. Infusion of balanced salt solution enriched with bicarbonate, dextrose, and glutathione (BSS
PLUS) through an ACM is a good alternative method. Intraocular pressure can also readily be maintained by BSS PLUS infusion
through an ACM (points added by authors of this paper). D. During vitrectomy, the retina is reattached after external subretinal
fluid drainage. ACM = anterior chamber maintainer. (Adapted from Kusaka.”#)

the most common stages were 2A and 2B. Of the 58 patients
who remained on periodic follow-up, 2 were observed, 53
underwent treatment, and only 3 were identified to be bet-
ter left alone. Almost 43% eyes underwent laser application
alone, about 2% cryotherapy alone, and 38% were advised
combination of anti-VEGF and steroid with ablation. None
of the eyes needed enucleation, and only 2 eyes underwent
cyclo-destructive measures to reduce the intraocular pres-
sure. A mean of just 1.7 sessions of laser were needed for
disease stabilization. In case of combination therapy, mean
of 2 sessions of ablative treatment and 2.7 intravitreal injec-
tions were needed. None underwent surgical intervention.
Hence, the treatment requirement and extent of the disease
were less severe compared with the pediatric population.
The outcomes were much better: almost 45% remained sta-
ble, 40% had resolution of the disease, 5% showed improve-
ment, and only 10% worsened. In addition, 24 eyes main-
tained vision between 20/20 and 20/70. The complications
included O subfoveal nodule formation, 4 cases that devel-
oped neovascular glaucoma, and only 1 painful blind eye.
Hence treatment for Coats disease remains less aggressive,
and focal, as compared to pediatric cases.

Consensus Statement 5.1: Adult-onset Coats is less severe
than pediatric disease and warrants less invasive methods of in-
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tervention. (Consensus score: 100% [strongly agree: 17.65%;
agree: 82.35%; neutral: 0%; disagree: 0%; strongly disagree:
0%])

Bilateral disease: Management strategies and prognosis
Bilateral involvement of the disease is actually a Coats-
like phenotype that has been reported by a few au-
thors. They have, however, established the gross asym-
metry of the disease between both eyes.”* A careful pe-
ripheral retinal examination of the other eye with pe-
riodic follow-up is of utmost importance to not miss a
quiescent disease. Treatment strategies and plan remain
almost similar to unilateral Coats, where ablative ther-
apy is advised as soon as exudation and fluid leakage are
noted. In doubtful cases, a wide-field angiography is essen-
tial to establish the diagnosis. There are reports of cases
that were left untreated, which progressed to neovascular
glaucoma.*”

Consensus Statement 5.2: Bilateral cases of Coats-like dis-
ease with asymmetric presentation have been reported. Hence,
periodic evaluation of the other eye can help in early diagnosis
and timely intervention in such cases as well. (Consensus score:
100% [strongly agree: 47.06%; agree: 52.94%; neutral: 0%;
disagree: 0%; strongly disagree: 0%])
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SECTION 6: PROGNOSTIC CONTROVERSIES

Disease extent at diagnosis correlation with outcomes:
advanced stage of disease or extent of retinal detachment and
involving the macula

[t is suggested that patients who present with stages 1 to 3
of Coats disease have better visual prognosis and outcomes
than those with more advanced stages.!! More advanced
disease may also correlate with the need for surgical in-
tervention or sometimes even enucleation, whereas early
stages of the disease can be managed with ablative modal-
ities or intravitreal agents. More advanced stages showed
poor outcomes because of persistent retinal detachment, ex-
tensive exudation, and macular scarring.’

Advanced stage at presentation (stage 3B and above), de-
velopment of vitreoretinal fibrosis (preretinal and subreti-
nal), extent of involvement of the disease, vitreous hemor-
rhage, cataract, tractional or combined retinal detachment,
and anterior hyaloid proliferation are poor prognostic fac-
tors for globe salvage in advanced disease.”!

The presence of subretinal gliotic nodule or scar suggests
poor functional outcomes. "’

Consensus Statement 6.1: There exists a significant cor-
relation between extent of the disease at diagnosis and out-
comes post treatment. (Consensus score: 100% [strongly agree:
41.18%; agree: 58.82%; neutral: 0%; disagree: 0%; strongly
disagree: 0%])

Controversy over anatomical vs functional success definitions
Anatomical success and globe salvage need not always
equate with good functional outcomes. This is especially
true in advanced stages of the disease. With better local
treatments and combination therapy, the rates of enucle-
ation for Coats disease have reduced over the years. How-
ever, significant improvement in functional outcomes may
not be seen.

According to our study, factors associated with anatomi-
cal improvement included localized extent of the disease,
clear lens at presentation and at subsequent follow-ups,
complete regression of telangiectatic vessels, absence of
vitreoretinal fibrosis, eyes requiring less number of abla-
tive treatment sessions, vitreous hemorrhage. Tractional or
combined retinal detachment and subretinal gliosis.’!

Structural factors for poor prognosis and vision salvage
include cataract formation and subfoveal pigmentary scar or
gliotic nodule. The functional factors were poor adherence
to patching and amblyopia management or lack of adequate
visual rehabilitation. !

Consensus Statement 6.2: Successful anatomical out-
comes do not necessarily imply good functional outcomes. (Con-
sensus score: 100% [strongly agree: 52.94%; agree: 47.06%;
neutral: 0%; disagree: 0%; strongly disagree: 0%])

Retreatment indications
The indications for retreatment include recurrence of ex-

udation, development of new telangiectatic vessels, and
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worsening of the subretinal fluid or exudative retinal de-
tachment.

Ong and associates suggested that aggressive early repeat
treatment can help in early anatomic control of the disease
progression and better outcomes.”

Consensus Statement 6.3: The indications for retreatment
include recurrence of exudation, development of new telang-
iectatic vessels, and worsening of the subretinal fluid or exudative
retinal detachment. (Consensus score: 100% [strongly agree:
47.06%; agree: 52.94%; neutral: 0%; disagree: 0%; strongly
disagree: 0%])

Monitoring for secondary glaucoma and cataract and
recurrence of exudation
The dreaded complication, leading to a painful blind eye
and enucleation, is neovascular glaucoma in Coats. A study
by Daruich and associates found that the presence of exuda-
tive retinal detachment at the time of diagnosis was also an
independent risk factor for the development of cataract.”’
They also concluded that cataract progression is a marker
for poor functional outcomes and prognosis.”’ Hence, pe-
riodic follow-up until the disease has regressed completely
is of utmost importance to ensure adequate control of the
disease, and to identify any secondary complications, at the
earliest so that timely intervention can be provided.
Consensus Statement 6.4: A close follow-up and moni-
toring for identifying recurrence or development of cataract and
glaucoma is essential in cases of Coats disease. (Consensus
score: 100% [strongly agree: 64.71%; agree: 35.29%; neutral:
0%; disagree: 0%; strongly disagree: 0%])

SECTION 7: EMERGING CONCEPTS

Newer treatment modalities

The newer upcoming anti-VEGF agents may prove to be
beneficial in Coats disease. They may offer a longer duration
of action within the eye, and hence can reduce the burden
of recurrent injections. Depot drug delivery and sustained
drug delivery systems are being developed for various reti-
nal conditions that require longer intravitreal activity of the
drug. There are no depot agents except for the dexametha-
sone implant that is commonly used as of now, for Coats
disease, which has shown to be relatively safe.

Consensus Statement 7.1: Newer anti-VEGF agents may
prove to be more beneficial, safer, and a longer-lasting op-
tion in the management of Coats disease, especially in pedi-
atric cases. (Consensus score: 64.7% [strongly agree: 29.41%;
agree: 35.29%; neutral: 29.41%; disagree: 5.88%; strongly
disagree: 0%])

Artificial intelligence in retinal disease

Artificial intelligence (Al) is actively being developed and
used to diagnose and follow up multiple disorders in the
eye, including those involving the retina.”®?%>19%101 AL
though no such tool has been developed for Coats disease as
yet, an integration of machine learning with investigative
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FIGURE 4. Suggested management algorithm of Coats disease. “Preferred approach over cryotherapy. ® Wherever laser is not possi-
ble. “Intravitreal anti-VEGF injection or intravitreal/subtenon steroid injection. No retinal mass lesion but subretinal clumped exu-
dates may present like a mass. AGM = antiglaucoma medications, anti-VEGF = anti-vascular endothelial growth factor, C/F = clini-
cal features, CT = computed tomography, FA = fluorescein angiography, FEVR = familial exudative vitreoretinopathy, FSHD = fas-
cioscapulohumeral dystrophy, MRI = magnetic resonance imaging, RD = retinal detachment, RP = retinitis pigmentosa, USG = ul-

trasonography.

modalities can help in prompt and correct diagnosis, to aid
in appropriate management of Coats disease in the future.
Further development of prognostication tools with specific
markers may add value in management of the disease, in the
future.

Consensus Statement 7.2: Al-based tools for diagnosis
and prognostication of the disease will add a great advan-
tage in the uniform management of Coats disease. (Consensus
score: 52.94% [strongly agree: 0%; agree: 52.94%; neutral:
47.06%; disagree: 0%; strongly disagree: 0%])

Options in resource-limited settings

The cost-effective options to manage Coats disease in
these settings include laser and intravitreal steroid agents
like triamcinolone acetonide (TA), as compared to vit-
rectomy or repeated anti-VEGF injections. Studies have
evaluated the beneficial role of IVTA in the resolution
of exudative retinal detachment, macular hard exudates,
and subretinal fluid in patients with Coats disease.'%>"1%°
Bergstrom and associates, however, cautioned against the
use of combining cryotherapy and IVTA in the manage-
ment of Coats disease after they reported a higher inci-
dence of rhegmatogenous retinal detachment and prolif-
erative vitreoretinopathy.'® TA is more economical than
dexamethasone implants and can be used as an option
where cost constraints are at play. Some authors have
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used subtenon steroids as an adjunct in stages 2A and
above. !

Consensus Statement 7.3: Laser and intravitreal steroids
(IVTA) are cost-effective options in managing Coats disease
in low-resource settings. (Consensus score: 88.24% [strongly
agree: 23.53%; agree: 64.71%; neutral: 11.76%; disagree:
0%; strongly disagree: 0%])

Lack of high-quality evidence for treatment decisions
Considering the not so common nature of the disease, pedi-
atric population involvement, along with the varied presen-
tations and difficulties in diagnosis, it becomes challenging
to conduct large-scale trials that could aid in appropriate di-
agnosis, decision making on management, and to develop a
consensus on the management. However, there is a need for
standardization of protocols for the disease across centers, so
as to bring in uniformity in management and to develop an
algorithmic approach to achieve the best anatomical and
functional outcomes in majority of the cases.

Consensus Statement 7.4: There is a lack of high-quality
evidence for treatment decisions, and standardization of treat-
ment protocols in Coats disease is essential. (Consensus score:
100% [strongly agree: 35.29%; agree: 64.71%; neutral: 0%;
disagree: 0%; strongly disagree: 0%])

Figure 4 shows a suggested management algorithm of
Coats disease.
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RESULTS OF VOTING AND DISCUSSION

Table 5 summarizes the outcomes of the voting on the con-
sensus statements.

With respect to definition and classification, a consen-
sus was achieved on most controversies. As reported ear-
lier,* Coats syndrome and Leber miliary aneurysms were
considered part of the spectrum of Coats-like disease (Con-
sensus statement 1.1), with a 100% consensus on the re-
quirement of telangiectasias to make a diagnosis, and ex-
udation to help in staging (Consensus statement 1.3). As
previously described, Coats was understood to be milder,
with better prognosis (Consensus statement 1.4). The ex-
pert panel agreed that the Shields classification was compre-
hensive, and that it was the preferred grading system (Con-
sensus statement 1.5).

Similar consensus was obtained in most scenarios con-
cerning etiology and pathogenesis of the disease. The ma-
jority (92.3%) expressed the need for molecular screening
in syndromic or bilateral cases (Consensus statement 2.1),
and 76.5% (Consensus statement 2.2) stated that Coats-
like response was usually milder, warranting less aggressive
treatment in most cases. All (100%) agreed that systemic
screening was not routinely advised, and was reserved for bi-
lateral cases (Consensus statement 2.3). The use of Shields-
Daruich substage classification to prognosticate the disease
was recommended (Consensus statement 2.4 and 2.5) on
the same lines as previous literature.'"»"> The panel, how-
ever, accepted that establishing a staging system using vi-
sual potential was challenging because of multiple variable
factors (Consensus statement 2.6). Contrary to earlier re-
ports,”> there remained some inconsistency regarding the
relationship between Coats-like response and other retinal
vascular disorders, with only 64.7% consensus (Consensus
statement 2.7). In addition, 84.6% and 92% acknowledged
the significance of an inflammatory component and role
of VEGF in the pathogenesis of the disease, respectively
(Consensus statements 2.8 and 2.9). A unanimous consen-
sus was achieved with regard to the histopathology (Con-
sensus statement 2.10).

The expert panel conceded entirely on statements re-
garding the mild presentation of Coats (Consensus state-
ment 3.1), the need for wide-field angiography (Consensus
statement 3.4), and inadequacy of ultrasonography in dif-
ferentiating Coats from retinoblastoma (Consensus state-
ment 3.5). Although the recommendation was angiography
in all cases (Consensus statement 3.2), the panel agreed on
the probable challenges, and need for general anesthesia in
children (Consensus statement 3.3).

As widely accepted,®’ the panel unanimously agreed on
the preferred wavelength of laser being 532 nm or 577 nm
(Consensus statement 4.1), direct treatment targeting the
aneurysms (Consensus statement 4.9), and benefit of laser
to the capillary nonperfusion areas after retinal reattach-
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ment (Consensus statement 4.10). As reported in litera-
ture,””! anti-VEGF was considered only as an adjuvant
and not as the sole modality of treatment (Consensus state-
ment 4.2). Most of the experts suggested that although enu-
cleation is seldom performed, it can be considered in painful
blind eyes, for appearance (Consensus statement 4.5), or in
situations when retinoblastoma is strongly suspected (Con-
sensus statement 4.4). In advanced cases in low-resource
settings, the need for and modality of treatment should
be identified, weighing the risks and benefits (Consensus
statement 4.8). Along the lines of previous reports,' "’
the panel suggested cryotherapy in peripheral vascular mal-
formations or in cases with exudative retinal detachment
(Consensus statement 4.11), with double freeze-thaw being
preferred (Consensus statement 4.12). The panel was undi-
vided with laser being favored over cryotherapy (Consen-
sus statement 4.13), along with an anti-VEGF (Consensus
statement 4.15). In addition, 94% agreed that a combina-
tion of anti-VEGF with intravitreal steroids may provide
a synergistic effect (Consensus statement 4.14). The panel
was in complete accord regarding external subretinal fluid
drainage over vitrectomy with drainage retinotomy (Con-
sensus statements 4.3 and 4.16b), and advocated use of an
anterior chamber maintainer for the same (Consensus state-
ment 4.17). Subretinal fluid drainage was to be combined
with laser ablation or with intravitreal steroid (Consen-
sus statement 4.16a). A variable response (70%) was noted
with regard to surgical management of stage 3 and 4 disease
(Consensus statement 4.19).

The panel was in complete agreement regarding Coats
being less severe compared with pediatric cases (Consensus
statement 5.1) and described the need for periodic evalua-
tion of the unaffected eye for early diagnosis and manage-
ment of bilateral disease (Consensus statement 5.2).

A unanimous response was noted with respect to prog-
nostic controversies such as importance of extent of the
disease (Consensus statement 6.1), discrepancy between
successful anatomical and functional outcomes (Consensus
statement 6.2), indications of retreatment such as develop-
ment of new telangiectatic vessels or worsening of exuda-
tive retinal detachment (Consensus statement 6.3), and the
need for close follow-up to identify early recurrence (Con-
sensus statement 6.4).

However, a varied consensus was noted with regard to the
possible benefits of newer anti-VEGF agents (Consensus
statement 7.1) and the benefit of Al-based tools for either
diagnosis or prognostication (Consensus statement 7.2):
64.7% and 52.9%, respectively. Most experts conceded the
importance of IVTA with laser in low-resource settings
(Consensus statement 7.3) and the need for standardiza-
tion of protocols in management of the disease (Consensus
statement 7.4).

Many of the results of the consensus statements are also
reflected in a recently published large study involving >600
eyes, which found unilateral Coats disease to predomi-
nantly affect males, laser photocoagulation to be the main-
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TABLE 5. Results of Voting of the Key Consensus Statements of Coats Disease.

Section Consensus Statements Final Score  Strongly Agree Agree Neutral Disagree  Strongly Disagree

1. Definition and Classification Controversies

1.1 Coats disease, Coats syndrome, and Leber miliary 100 29.41 70.59 0 0 0
aneurysms represent different spectra of Coats-like
phenotype.
12 Bilateral Coats disease is more likely to be a part of the 76.47 29.41 52.94 11.76 5.88 0

spectrum of conditions from Coats-like phenotypes rather
than true Coats disease and such bilateral Coats-like
phenotypes may be more common in females.
1.3 Telangiectasias are requisite to making the diagnosis of 100 60 40 0 0 0
Coats disease and presence, and knowing the extent of
exudation helps in staging.

1.4 Adult-onset Coats is generally milder and has a better 100 47.06 52.94 0 0 0
prognosis.
15 Shields classification system is more complete, 100 29.41 70.59 0 0 0

encompassing all stages of the disease, and is the
preferred staging system. A composite Shields-Daruich
classification could be helpful.
2. Etiology and Pathogenesis Controversies
21 Molecular screening in Coats disease is unnecessary but 92.3 15.38 76.92 7.69 0 0
is mandatory in case of syndromic or bilateral
presentation.

2.2 Coats-like responses can be seen in various diseases but ~ 76.47 5.88 70.59 23.53 0 0
are usually milder and need a less aggressive treatment
approach.
2.3 Systemic screening is not routinely advised in Coats 100 41.18 58.82 0 0 0

disease except in atypical presentations such as bilateral
disease in a young female.
2.4 The substage classifications in the Shields and Daruich 86.66 13.33 73.33 13.33 0 0
classification systems help in disease prognostication and
treatment planning.
2.5 Severity-based classification with subcategorization of the  93.33 13.33 80 6.67 0 0
disease such as the Shields classification allows
treatment decisions and helps to prognosticate.
2.6 Establishing a staging system that incorporates visual 92.86 2143 71.43 0 714 0
potential is challenging because of factors like chronicity
and amblyopia, although certain clinical features such as
subfoveal involvement may strongly influence the

outcomes.
2.7 A relationship between Coats-like response in various 64.71 23.53 41.78 17.65 11.76 5.88
other retinal vascular disorders is well known and
described.
2.8 There is a significant inflammatory component involved in 84.61 15.38 69.23 7.69 7.69 0
the pathogenesis of Coats disease.
29 VEGF molecules play a role in the pathogenesis of Coats ~ 92.31 23.08 69.23 0 7.69 0

disease. However, whether they are the trigger or a
consequence is not precisely known.

2.10 Disruption of the pericytes and endothelial cells is seen on 100 15.38 84.62 0 0 0
histopathology in Coats disease.
2.1 Lipid metabolism abnormality may be seen in adult-onset 75 16.67 58.33 16.67 0 8.33

Coats; however, it is not related to the juvenile form in
which the pathology is exudative in nature.
3. Diagnostic Controversies
3.1 Adult-onset Coats is usually mild and does not require 100 23.53 76.47 0 0 0
subretinal fluid drainage but can be treated with intravitreal
steroids or anti-VEGF agents and laser photocoagulation.

(continued on next page)
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TABLE 5. (continued)

Section

Consensus Statements Final Score

Strongly Agree

Agree

Neutral

Disagree  Strongly Disagree

3.2

3.3

3.4

3.5

Angiography is strongly recommended in every single 92.85
case of Coats to identify leaking vascular anomalies and
delineate the extent of the affected retina including
nonperfusion to aid treatment.
Angiography is difficult in children but should be strongly 92.85
recommended to be performed under general anesthesia
if the facility of handheld fundus camera with angiography
module is available.
Wherever available, wide-field angiography should be 100
performed in adults and in cooperative children to identify
peripheral leaking vascular anomalies.
Although ultrasonography may aid in differentiating 100
between Coats disease and retinoblastoma, it is not
conclusive, particularly in differentiating anterior diffuse
infiltrating retinoblastoma. Often neuroimaging such as
MRI and clinical acumen is required for differentiation.

4. Treatment Controversies

41

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10

4.11a

4.11b

412

4.13

VoL. 282

The aim of laser treatment is to ablate the avascular retina 100
and occlusion of the telangiectatic vessels, and hence the
preferred wavelength is 532 nm or 577 nm.
Anti-VEGF agents may aid in treatment of Coats disease 100
but is not the primary agent of choice.
Where possible, it is preferable to perform external 100
drainage of subretinal fluid and reattach the retina rather
than perform vitrectomy.
It is better to enucleate a blind eye than perform biopsy, 80
wherein one is unable to rule out retinoblastoma.
Enucleation is seldom performed as treatment option in 100
Coats disease and is limited to eyes wherein one cannot
rule out retinoblastoma with certainty or in unsightly,
painful blind eyes.
Mild cases of the disease, not involving the posterior pole 82.35
or vision threatening, can be observed.
Asymptomatic diseases may still warrant treatment, 100
especially if threatening the fovea.
The risks and benefits should be weighed up before 88.24
continuing treatment in poor-prognosis cases, especially
in low-resource countries.
Direct treatment of aneurysmal lesions and dilated, 100
telangiectatic vessels is recommended, with the
hemoglobin being the pigment absorbing the laser energy.
Laser treatment may be directed at areas of capillary 100
nonperfusion once the retina is attached, in addition to
treat the vascular malformations.

Cryotherapy is indicated in peripheral vascular 76.47
malformations, and to treat such malformations in areas of
exudative retinal detachment where laser treatment is not

feasible.
A double freeze-thaw cryotherapy is recommended in 88.23
Coats disease.
It is preferable to use laser photocoagulation than 100
cryotherapy wherever possible.

Intravitreal steroids may be combined with anti-VEGF 94.12

agents in Coats disease for a synergistic effect as

adjuvants to laser treatment.

57.14

35.71

64.29

52.94

46.67

46.67

47.06

33.33

52.94

23.53

47.06

47.06

47.06

35.29

29.41

11.76

52.94

17.65

35.71

57.14

35.71

47.06

53.33

53.33

52.94

46.67

47.06

58.82

52.94

41.18

52.94

64.71

47.06

76.47

47.06

76.47

0

714

13.33

5.88

11.76

5.88

11.76
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714 0

6.67 0

5.88 5.88

17.65 0

5.88 0
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TABLE 5. (continued)

Section Consensus Statements Final Score  Strongly Agree Agree Neutral Disagree  Strongly Disagree
414 Combination of anti-VEGF with laser is preferred over 100 47.06 52.94 0 0 0
anti-VEGF with Cryotherapy.
4.15a Subretinal fluid drainage through external approach is 94.11 35.29 58.82 5.88 0 0
often combined with laser ablation and/or intravitreal
steroid injection.
4.15b It is best to avoid internal subretinal fluid drainage through 100 52.94 47.06 0 0 0
a small retinotomy as it carries a high risk of subsequent
nonclosure.
4.16 An anterior chamber maintainer is safer to avoid hypotony ~ 82.36 41.18 41.18 11.76 5.88 0
over needle injection into the vitreous cavity during
subretinal fluid drainage.
417 Long-term silicone oil tamponade may be preferred in 88.23 5.88 82.35 11.76 0 0
some cases following vitrectomy in Coats disease.
4.18 All cases of stage 3 and 4 of Coats disease do not 70.59 17.65 52.94 5.88 17.65 5.88
warrant surgery: it should be a patient-specific decision.
419 Painful blind eye and appearance are the indications of 94.12 23.53 70.59 5.88 0 0
enucleation in stage 5 disease.
5. Special Population Controversies
5.1 Adult-onset Coats is less severe than pediatric disease 100 17.65 82.35 0 0 0
and warrants less invasive methods of intervention.
5.2 Bilateral cases of Coats-like disease with asymmetric 100 47.06 52.94 0 0 0
presentation have been reported. Hence, periodic
evaluation of the other eye can help in early diagnosis and
timely intervention in such cases as well.
6. Prognostic Controversies
6.1 There exists a significant correlation between extent of the 100 41.18 58.82 0 0 0
disease at diagnosis, and outcomes post treatment.
6.2 Successful anatomical outcomes do not necessarily imply 100 52.94 47.06 0 0 0
good functional outcomes.
6.3 The indications for retreatment include recurrence of 100 47.06 52.94 0 0 0
exudation, development of new telangiectatic vessels and
worsening of the subretinal fluid or exudative retinal
detachment.
6.4 A close follow-up and monitoring for identifying recurrence 100 64.71 35.29 0 0 0
or development of cataract and glaucoma is essential in
cases of Coats disease.
7. Emerging Concepts
71 Newer anti-VEGF agents may prove to be more beneficial, 64.7 29.41 35.29 29.41 5.88 0
safer, and a longer-lasting option in the management of
Coats disease, especially in pediatric cases.
72 Al based tools for diagnosis and prognostication of the 52.94 0 52.94 47.06 0 0
disease will add a great advantage in the uniform
management of Coats disease.
7.3 Laser and intravitreal steroids (IVTA) are cost-effective 88.24 23.53 64.71 11.76 0 0
options in managing Coats disease in low-resource
settings.
74 There is a lack of high-quality evidence for treatment 100 35.29 64.71 0 0 0

decisions, and standardization of treatment protocols in
Coats disease is essential.

anti-VEGF = anti-vascular endothelial growth factor, IVTA = intravitreal triamcinolone acetonide, MRI = magnetic resonance imaging.

All values are expressed as percentages.

Consensus Score (C Score) was defined as the value of the summation of the “strongly agree” and “agree” percentages. C Score >75%
was considered “consensus achieved” and C Score <75% was “consensus not reached.” Only 4 statements were “consensus not achieved”

(nonbold and underlined).
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stay of treatment, subfoveal nodule as indicating poor visual
prognosis, and that anti-VEGF may help prevent enucle-
ation in advanced cases.'"" 1%

In conclusion, Coats disease presents numerous contro-
versies across its definition, pathogenesis, diagnosis, and
management spectrum. These debates reflect the rarity of
the condition, its complex pathophysiology, and the chal-
lenges of treating a progressive blinding disease primar-
ily affecting children. The lack of randomized controlled
trials and the reliance on case series and expert opinion
contribute to ongoing controversies in management ap-
proaches. In our study, most experts agreed on the sug-
gested classification, diagnosis, and prognosis. The contro-
versy, however, remained in questions regarding association

with other vascular disorders, treatment of stages 3 and 4,
possible benefits of newer anti-VEGFs, and the role of Al
These debates reflect the rarity of the condition, complex
pathophysiology, and the challenges of treating a progres-
sive blinding disease primarily affecting children. Hence
further studies are warranted, especially in areas that have
not reached a consensus. Resolution of these controversies
requires international collaboration, standardized diagnos-
tic criteria, outcome measures, and well-designed clinical
trials adapted to the unique challenges of rare pediatric reti-
nal diseases. As our understanding of the molecular mecha-
nisms improves and novel therapeutic approaches emerge,
more evidence-based and personalized treatment strategies
for Coats disease will likely develop.

Funding/Support: This work was supported by Ms. May Lam Research and Education Fund of The Primasia International Eye Research Institute (PIERI) of
the Chinese University of Hong Kong (Shenzhen); Shun Hing Education and Charity Fund; Bright Future Charitable Foundation Postgraduate Education
Fund; and Daniel & Co Scholarship. Financial Disclosures: The sponsor had no role in the design or conduct of the research. All authors attest that they

meet the current ICMJE criteria for authorship.

REFERENCES

1. Ruamviboonsuk P, Ng DSC, Chaikitmongkol V, et al. Con-
sensus and guidelines on diagnosis and management of poly-
poidal choroidal vasculopathy (PCV) from the Asia-Pa-
cific Vitreo-retina Society (APVRS). Asia Pac ] Ophthalmol
(Phila). 2025;14(1):100144.
2. Piquin G, Chapron T, Abdelmassih Y, et al. Coats disease in
female population: a comparison of clinical presentation and
outcomes. Front Med (Lausanne). 2022;9:879110.
3. Shields JA, Shields CL, Honavar SG, Demirci H. Clinical
variations and complications of Coats disease in 150 cases:
the 2000 Sanford Gifford Memorial Lecture. Am ] Oph-
thalmol. 2001;131(5):561-571. doi:10.1016/s0002-9394(00)
00883-17.
4. Hansraj S, Jalali S, Raval V. Coats disease in infants, tod-
dlers, and preschoolers: clinical presentation and treatment
outcomes. Indian ] Ophthalmol. 2025;73(5):672-678.
5. Sigler EJ, Randolph JC, Calzada JI, Wilson MW, Haik BG.
Current management of Coats disease. Surv Ophthalmol.
2014;59(1):30-46.
6. Dutta Majumder P, Khetan V, Biswas J. Masquerade syn-
drome: a review of uveitic imposters. Asia Pac ] Ophthalmol.
2024;13(2):100054. doi:10.1016/j.apjo.2024.100054.
7. Polvi A, Linnankivi T, Kiveld T, et al. Mutations in CTCI1,
encoding the CTS telomere maintenance complex compo-
nent 1, cause cerebroretinal microangiopathy with calcifica-
tions and cysts. Am ] Hum Genet. 2012;90(3):540-549.
8. Collin A, Lecler A. Coats plus syndrome. JAMA Neurol.
2019;76(4):501.
9. Campbell FP. Coats’ disease and congenital vascular
retinopathy. Trans Am Ophthalmol Soc. 1976;74:365-424.
10. Park H, Yamamoto H, Mohn L, et al. Integrin-linked ki-
nase controls retinal angiogenesis and is linked to Wnt
signaling and exudative vitreoretinopathy. Nat Commun.
2019;10(1):5243.

11. Shields JA, Shields CL, Honavar SG, Demirci H, Cater J.

VoL. 282

Classification and management of Coats disease: the
2000 Proctor Lecture. Am ] Ophthalmol. 2001;131(5):
572-583.

12. EyeWiki. Coats disease. Accessed June 17, 2025. https://
eyewiki.org/Coats_Disease

13. Daruich AL, Moulin AP, Tran HV, Matet A, Mu-
nier FL. Subfoveal nodule in coats’ disease: toward an
updated classification predicting visual prognosis. Retina.
2017;37(8):1591-1598.

14. Daruich A, Munier FL. Phenotype of Coats disease in fe-
males. BMJ Open Ophthalmol. 2022;7(1):e000883.

15. Lee SM, Kim KH, Kang HG, Choi EY, Lee ], Kim M. Vas-
cular abnormalities in fellow eyes of patients with unilateral
coats’ disease. Sci Rep. 2023;13:19380.

16. Daruich A, Matet A, Munier FL. Younger age at presenta-
tion in children with Coats disease is associated with more
advanced stage and worse visual prognosis: a retrospective
study. Retina. 2018;38(11):2239-2246.

17. Do DV, Haller JA. Coats disease. In: Ryan SJ, ed. Retina El-
sevier Mosby; 2004:1417-1423.

18. Cremers FPM, Maugeri A, den Hollander Al, Hoyng CB.
The expanding roles of ABCA4 and CRBI in inherited
blindness. Novartis Found Symp. 2004;255:68-79 discussion
79-84, 177-178.

19. Black GC, Perveen R, Bonshek R, et al. Coats’ disease
of the retina (unilateral retinal telangiectasis) caused by
somatic mutation in the NDP gene: a role for norrin in
retinal angiogenesis. Hum Mol Genet. 1999;8(11):2031—
2035.

20. Shastry BS, Trese MT. Overproduction and partial purifi-
cation of the Norrie disease gene product, norrin, from
a recombinant baculovirus. Biochem Biophys Res Commun.
2003;312(1):229-234.

21. Sohn EH, Michaelides M, Bird AC, et al. Novel mutation in
PANK2 associated with retinal telangiectasis. Br | Ophthal-
mol. 2011;95(1):149-150.

22. Statland JM, Sacconi S, Farmakidis C, Donlin-Smith CM,

INTERNATIONAL CONSENSUSES AND GUIDELINES ON COATS DISEASE 183


http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0001
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0002
https://doi.org/10.1016/s0002-9394(00)00883-7
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0004
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0005
https://doi.org/10.1016/j.apjo.2024.100054
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0007
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0008
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0009
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0010
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0011
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0011
https://eyewiki.org/Coats_Disease
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0013
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0014
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0015
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0016
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0017
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0018
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0019
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0020
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0021
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0022

23.

24.

25.

26.

21.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

184

Chung M, Tawil R. Coats syndrome in facioscapulohumeral
dystrophy type 1: frequency and D474 contraction size. Neu-
rology. 2013;80(13):1247-1250.

Clevers H. Eyeing up new Wnt pathway players. Cell.
2009;139(2):227-229.

Lanier JD, McCrary JA, Justice J. Autosomal recessive
retinitis pigmentosa and Coats disease: a presumed
familial ~incidence. Arch  Ophthalmol.  1976;94(10):
1737-1742.

Spallone A, Carlevaro G, Ridling P. Autosomal dominant
retinitis pigmentosa and Coats’-like disease. Int Ophthalmol.
1985;8(3):147-151.

Frezzotti R, Berengo A, Guerra R, Cavalllini F. Toxoplasmic
coats’ retinitis: a parasitologically proved case. Am J Ophthal-
mol. 1965;59:1099-1102.

Hasan SM, Azmeh A, Mostafa O, Megarbane A. Coat’s like
vasculopathy in Leber congenital amaurosis secondary to ho-
mozygous mutations in CRB1: a case report and discussion of
the management options. BMC Res Notes. 2016;9:91.
Schuman JS, Lieberman KV, Friedman AH, Berger M,
Schoeneman M]. Senior-Loken syndrome (familial re-
nal-retinal dystrophy) and Coats’ disease. Am J Ophthalmol.
1985;100(6):822-8217.

Cameron JD, Yanoff M, Frayer WC. Coats’ disease and
Turner’s syndrome. Am ] Ophthalmol. 1974;78(5):852-854.
Nasser O, Greiner K, Amer R. Unilateral optic atrophy pre-
ceding Coats disease in a girl with Parry-Romberg syndrome.
Eur ] Ophthalmol. 2010;20(1):221-223.

Gomez Morales A. Coats’ disease. Natural history and results
of treatment. Am ] Ophthalmol. 1965;60(5):855-865.
Brockmann C, Miiller B, Schonfeld S, Winterhalter S,
Zeitz O, Joussen AM. Long-term outcome of Coats disease:
implications for the classification of foveal vascular patholo-
gies. Acta Ophthalmol. 2025 Published online July 5. doi:10.
1111/a0s.17554.

Shields CL, Udyaver S, Dalvin LA, et al. Coats disease
in 351 eyes: analysis of features and outcomes over 45
years (by decade) at a single center. Indian ] Ophthalmol.
2019;67(6):772-1783.

Luckie AP, Hamilton AM. Adult Coats’ disease in
branch retinal vein occlusion. Aust N Z ] Ophthalmol.
1994;22(3):203-206.

Lim WK, Nussenblatt RB, Chan CC. Immunopathologic
features of inflammatory coats disease. Arch Ophthalmol.
2005;123(2):279-281.

Wang Y, Fan H, Gao K, He W, Tao Y. Levels of cytokines
in the aqueous humor guided treatment of refractory mac-
ular edema in adult-onset Coats’ disease. BMC Ophthalmol.
2020;20(1):261.

He YG, Wang H, Zhao B, Lee ], Bahl D, McCluskey J. Ele-
vated vascular endothelial growth factor level in Coats’ dis-
ease and possible therapeutic role of bevacizumab. Graefes
Arch Clin Exp Ophthalmol. 2010;248(10):1519-1521.

Mano F, Matsushita I, Kondo H, Utamura S, Kondo C,
Kusaka S. Vitrectomy and external drainage of subreti-
nal fluid containing high concentration of vascular en-
dothelial growth factor for advanced coats disease. Sci Rep.
2021;11(1):19333.

Zhao Q, Peng XY, Chen FH, et al. Vascular endothe-
lial growth factor in Coats’ disease. Acta Ophthalmol.
2014;92(3):e225-e228.

AMERICAN JOURNAL OF OPHTHALMOLOGY

40.

41.

42.

43.

4.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Ashkenazy N, Acon D, Kalavar M, Berrocal AM. Optical
coherence tomography angiography and multimodal imag-
ing in the management of Coats’ disease. Am J Ophthalmol
Case Rep. 2021;23:101177.

Ucgul AY, Ozdek S. Coats’ disease: a comprehensive review
of its pathophysiology, diagnosis, and advances in treatment.
Semin Ophthalmol. 2025;40(6):458-473.

Woods AC, Duke JR. Coats’s disease. 1. Review of
the literature, diagnostic criteria, clinical findings,
and plasma lipid studies. Br ] Ophthalmol. 1963;47(7):
385-412.

Adam RS, Kertes PJ, Lam WC. Observations on the man-
agement of Coats’ disease: less is more. Br ] Ophthalmol.
2007;91(3):303-306.

Spitznas M, Joussen F, Wessing A, Meyer-Schwickerath G.
Coat’s disease: An epidemiologic and fluorescein angio-
graphic study. Albrecht Von Graefes Arch Klin Exp Ophthalmol.
1975;195(4):241-250.

Ridley ME, Shields JA, Brown GC, Tasman W. Coats’
disease: evaluation of management. Ophthalmology.
1982;89(12):1381-1387.

Daruich A, Matet A, Tran HV, Gaillard MC, Mu-
nier FL. Extramacular fibrosis in Coats’ disease. Retina.
2016;36(10):2022-2028.

Shields CL, Schoenberg E, Kocher K, Shukla SY, Ka-
liki S, Shields JA. Lesions simulating retinoblastoma
(pseudoretinoblastoma) in 604 results based
on age at presentation. Ophthalmology. 2013;120(2):
311-316.

Shields JA, Shields CL. Differentiation of coats’ dis-
ease and retinoblastoma. | Pediatr Ophthalmol Strabismus.
2001;38(5):262-266 quiz 302-303.

Muakkassa NW, de Carlo TE, Choudhry N, Duker JS, Bau-
mal CR. Optical coherence tomography angiography find-
ings in Coats’ disease. Ophthalmic Surg Lasers Imaging Retina.
2016;47(7):632-635.

Senft SH, Hidayat AA, Cavender JC. A typical presentation
of Coats disease. Retina. 1994;14(1):36-38.

Edward DP, Mafee MF, Garcia-Valenzuela E, Weiss RA.
Coats’ disease and persistent hyperplastic primary vitre-
ous. Role of MR imaging and CT. Radiol Clin North Am.
1998;36(6):1119-1131 x.

Ghorbanian S, Jaulim A, Chatziralli IP. Diagnosis and treat-
ment of Coats’ disease: a review of the literature. Ophthalmo-
logica. 2012;227(4):175-182.

Nikopoulos K, Venselaar H, Collin RW]J, et al. Overview
of the mutation spectrum in familial exudative vitreo-
retinopathy and Norrie disease with identification of 21
novel variants in FZD4, LRP5, and NDP. Hum Mutat.
2010;31(6):656-666.

Hansraj S, Raval V, Jalali S, Sahoo N, Das AV. Clinical pre-
sentation and treatment outcomes of adult-onset Coats dis-
ease. J Vitreoretin Dis. 2024;9(1):43-49.

Stephen M, Temkar S, Periyandavan ], Basa K. A brief
review on adult-onset Coats’ disease. Rom J Ophthalmol.
2024;68(3):212-218.

Smithen LM, Brown GC, Brucker AJ, Yannuzzi LA,
Klais CM, Spaide RF. Coats’ disease diagnosed in adulthood.
Ophthalmology. 2005;112(6):1072-1078.

Otani T, Yasuda K, Aizawa N, Sakai F, Nakazawa T,
Shimura M. Over 10 years follow-up of Coats’ dis-

cases:

FEBRUARY 2026


http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0022
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0023
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0024
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0025
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0026
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0027
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0028
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0029
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0030
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0031
https://doi.org/10.1111/aos.17554
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0033
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0034
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0035
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0036
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0037
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0038
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0039
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0040
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0041
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0042
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0043
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0044
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0045
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0046
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0047
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0048
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0049
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0050
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0051
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0052
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0053
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0054
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0055
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0056
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0057

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

VoL. 282

ease in 2011;5:1729—~
1732.

Banerjee M, Nayak S, Kumar S, Bhayana AA, Ku-
mar V. Adult-onset Coats disease. Surv  Ophthalmol.
2023;68(4):591-600.

Rishi E, Rishi P, Appukuttan B, Uparkar M, Sharma T,
Gopal L. Coats’ disease of adult-onset in 48 eyes. Indian |
Ophthalmol. 2016;64(7):518-523.

Sakurada Y, Freund KB, Yannuzzi LA. Multimodal
imaging in adult-onset Coats’ disease. Ophthalmology.
2018;125(4):485.

Hara T, Inami M, Hara T. Efficacy and safety of fluores-
cein angiography with orally administered sodium fluores-
cein. Am J Ophthalmol. 1998;126(4):560-564.

Szeto SK, Hui VWK, Siu V, et al. Recent advances in
clinical applications of imaging in retinal diseases. Asia
Pac ] Ophthalmol. 2023;12(2):252-263. doi:10.1097/APO.
0000000000000584.

Rishi P, Rishi E, Attiku Y, et al. Surgical management of ad-
vanced Coats disease in 32 eyes: a 20-year study. ] Vitreoretin
Dis. 2020;4(6):467-471.

Sigler EJ, Calzada JI. Retinal angiomatous proliferation with
chorioretinal anastomosis in childhood Coats disease: a reap-
praisal of macular fibrosis using multimodal imaging. Retina.
2015;35(3):537-546.

Vezzola D, Mapelli C, Canton V, Viola F, Ratiglia R. Macu-
lar fibrosis in Coats disease. Retina. 2011;31(10):2136-2137
author reply 2137-2138.

Ramasubramanian A, Shields CL. Bevacizumab for
Coats’ disease with exudative retinal detachment and
risk of vitreoretinal traction. Br ] Ophthalmol. 2012;96(3):
356-359.

Adeniran JF, Duff SM, Mimouni M, Lambert N, Ramasubra-
manian A. Treatment of Coats’ disease: an analysis of pooled
results. Int ] Ophthalmol. 2019;12(4):668-674.
Schmidt-Erfurth U, Lucke K. Vitreoretinal surgery in ad-
vanced Coat’s disease. Ger ] Ophthalmol. 1995;4(1):32—
36.

Muftuoglu G, Gulkilik G. Pars plana vitrectomy in advanced
Coats’ disease. Case Rep Ophthalmol. 2011;2(1):15-22.
Karacorlu M, Hocaoglu M, Sayman Muslubas I, Arf S.
Long-term anatomical and functional outcomes fol-
lowing vitrectomy for advanced Coats disease. Retina.
2017;37(9):1757-1764.

Shanmugam MP, Shah PN, Sagar P, Ramanjulu R,
Mishra DK. Coats’ disease - prognostic factors for globe and
vision salvage in children, a long-term experience. Indian J
Ophthalmol. 2022;70(2):483-489.

Sen M, Shields CL, Honavar SG, Shields JA. Coats disease:
an overview of classification, management and outcomes. In-
dian ] Ophthalmol. 2019;67(6):763-771.

Udyaver S, Dalvin LA, Lim LAS, et al. Predictors of enu-
cleation in Coats disease: analysis of 259 eyes of 259 pa-
tients at a single center. ] AAPOS. 2019;23(5):266.e1—
266.€9.

Kusaka S. Surgical management of Coats disease. Asia Pac |
Ophthalmol (Phila). 2018;7(3):156-159.

Raoof N, Quhill F. Successful use of intravitreal beva-
cizumab and pascal laser photocoagulation in the manage-
ment of adult Coats’ disease. Middle East Afr ] Ophthalmol.
2013;20(3):256-258.

adulthood. Clin  Ophthalmol.

76.

1.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91

INTERNATIONAL CONSENSUSES AND GUIDELINES ON COATS DISEASE

Koh YT, Sanjay S. Successful outcome of adult-onset Coats’
disease following retinal laser photocoagulation. Oman J
Ophthalmol. 2013;6(3):206-207.

Brown D, Kozak I, Lampen SIR, Chhablani ]J. Manage-
ment of Coats disease microaneurysms with fundus fluores-
cein angiography-guided navigated laser. ] Vitreoretin Dis.
2019;3(1):36-41.

Suzani M, Moore AT. Intraoperative fluorescein angiogra-
phy-guided treatment in children with early Coats’ disease.
Ophthalmology. 2015;122(6):1195-1202.

Petroni S, Catena G, larossi G, et al. Treatment of ad-
vanced Coats’ disease with combination therapy of laser
photocoagulation, intravitreal ranibizumab, and sub-tenon
methylprednisolone acetate. ] Pediatr Ophthalmol Strabismus.
2022;59(3):187-191.

Khadka S, Byanju R, Parajuli S. Rhegmatogenous retinal de-
tachment in Coats’ disease: a case report. ] Med Case Rep.
2021;15:631.

Suesskind D, Altpeter E, Schrader M, Bartz-Schmidt KU,
Aisenbrey S. Pars plana vitrectomy for treatment of ad-
vanced Coats’ disease—presentation of a modified surgical
technique and long-term follow-up. Graefes Arch Clin Exp
Ophthalmol. 2014;252(6):873-879.

Dorado AM, De-Pablo-Cabrera A, Mufioz-Gallego A,
Moreno-Garcia L, Barcel6-Mendiguchfa A. Dexametha-
sone intravitreal implant as an adjuvant treatment for pe-
diatric patients with Coats’ disease. Arq Bras Oftalmol.
2023;86(4):380-383.

Kumar K, Raj P, Chandnani N, Agarwal A. Intrav-
itreal dexamethasone implant with retinal photocoag-
ulation for adult-onset Coats’ disease. Int Ophthalmol.
2019;39(2):465-470.

Ray R, Barafiano DE, Hubbard GB. Treatment of Coats’
disease with intravitreal bevacizumab. Br ] Ophthalmol.
2013;97(3):272-2717.

Park S, Cho HJ, Lee DW, Kim CG, Kim JW. Intravitreal be-
vacizumab injections combined with laser photocoagulation
for adult-onset Coats’ disease. Graefes Arch Clin Exp Ophthal-
mol. 2016;254(8):1511-1517.

Zhang L, Ke Y, Wang W, Shi X, Hei K, Li X. The efficacy of
conbercept or ranibizumab intravitreal injection combined
with laser therapy for Coats’ disease. Graefes Arch Clin Exp
Ophthalmol. 2018;256(7):1339-1346.

Sein J, Tzu JH, Murray TG, Berrocal AM. Treatment
of Coats’ disease with combination therapy of intravit-
real bevacizumab, laser photocoagulation, and sub-tenon
corticosteroids. Ophthalmic Surg Lasers Imaging Retina.
2016;47(5):443-449.

Mrejen S, Metge F, Denion E, Dureau P, Edelson C, Ca-
puto G. Management of retinal detachment in Coats disease.
Study of 15 cases. Retina. 2008;28(3 suppl):S26-S32.
Yoshizumi MO, Kreiger AE, Lewis H, Foxman B,
Hakakha BA. Vitrectomy techniques in late-stage
Coats’-like exudative retinal detachment. Doc Ophthal-
mol. 1995;90(4):387-394.

Cai X, Zhao P, Zhang Q, Jin H. Treatment of stage 3 Coats’
disease by endolaser photocoagulation via a two-port pars
plana nonvitrectomy approach. Graefes Arch Clin Exp Oph-
thalmol. 2015;253(7):999-1004.

Peng ], Zhang Q, Jin H, Fei P, Zhao P. A modified
technique for the transconjunctival and sutureless exter-

185


http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0057
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0058
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0059
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0060
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0061
https://doi.org/10.1097/APO.0000000000000584
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0063
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0064
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0065
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0066
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0067
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0068
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0069
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0070
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0071
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0072
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0073
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0074
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0075
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0076
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0077
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0078
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0079
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0080
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0081
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0082
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0083
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0084
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0085
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0086
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0087
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0088
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0089
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0090
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0091

92.

93.

94.

95.

96.

917.

98.

99.

100.

186

nal drainage of subretinal fluid in bullous exudative reti-
nal detachment using a 24-G i.v. catheter. Ophthalmologica.
2017;238(4):179-185.

Liang T, Peng J, Zhang Q, Zhu X, Xu Y, Zhao P. Man-
agement of stage 3B Coats disease: presentation of a
combined treatment modality and long-term follow-up.
Graefes Arch Clin Exp Ophthalmol. 2020;258(9):2031—
2038.

Liang T, Zhang S, Zhang X, Wang X, Ji X, Zhao P. Clin-
ical characteristics and management outcomes of pediatric
patients with Coats disease complicated with retinoschisis
(retinal cyst). Front Med (Lausanne). 2025;12:1369479.
Alexandridou A, Stavrou P. Bilateral Coats’ disease:
long-term follow up. Acta Ophthalmol Scand. 2002;80(1):
98-100.

Char DH. Coats’ syndrome: long term follow up. Br ] Oph-
thalmol. 2000;84(1):37-39.

Ong SS, Buckley EG, McCuen BW, et al. Comparison of vi-
sual outcomes in Coats’ disease: a 20-year experience. Oph-
thalmology. 2017;124(9):1368-1376.

Daruich A, Matet A, Munier FL. Cataract development in
children with Coats disease: risk factors and outcome. ] AA-
POS. 2018;22(1):44-49.

Costin  HN, Fira M, Goras L. Artificial Intelligence
in ophthalmology: advantages and limits. Appl Sci.
2025;15(4):1913.

Lim ]I, Rachitskaya AV, Hallak JA, et al. Artificial in-
telligence for retinal diseases. Asia Pac ] Ophthalmol.
2024;13:100096.

Feng X, Xu K, Luo M], et al. Latest developments of gener-
ative artificial intelligence and applications in ophthalmol-
ogy. Asia Pac ] Ophthalmol. 2024;13:100090.

AMERICAN JOURNAL OF OPHTHALMOLOGY

101.

102.

103.

104.

105.

106.

107.

108.

109.

Li L, Zhang W, Tu X, et al. Application of artificial intelli-
gence in precision medicine for diabetic macular edema. Asia
Pac ] Ophthalmol. 2023;12:486-494.

Othman IS, Moussa M, Bouhaimed M. Management of
lipid exudates in Coats disease by adjuvant intravitreal tri-
amcinolone: effects and complications. Br J Ophthalmol.
2010;94(5):606-610.

Alsakran WA, Nowilaty SR, Ghazi NG, et al. Adjunc-
tive intravitreal triamcinolone acetonide for exudative
retinal detachment in Coats disease. ] Vitreoretin Dis.
2022;6(1):54-62.

Ghazi NG, Shamsi HA, Larsson ], Abboud E. In-
travitreal triamcinolone in Coats’ disease. Ophthalmology.
2012;119(3):648-649.e2.

Bergstrom CS, Hubbard GBI. Combination intravitreal tri-
amcinolone injection and cryotherapy for exudative reti-
nal detachments in severe Coats disease. Retina. 2008;28(3):
S33.

Shields CL, Udyaver S, Dalvin LA, et al. Visual acuity out-
comes in Coats disease by classification stage in 160 patients.
Br ] Ophthalmol. 2020;104(3):422-431.

Tsai ASH, Wang CT, Lee TC, et al. Clinical characteristics
and treatment outcomes in unilateral Coats disease: a global
collaborative study. Ophthalmol Retina. 2025;9(6):570—
579.

Dorji P, Raval V, Jalali S, et al. Coats disease in India: clini-
cal presentation and outcome in 675 patients (690 Eyes). Int
Ophthalmol. 2023;43(2):531-540.

Da Cruz NFS, Sengillo JD, Shah SM, Lépez-Font FJ,
Negron CI, Berrocal AM. Telomere Biology Disorders:
Clinical and Angiographic Finding. Ophthalmol. Retina.
2025;9:272-271.

FEBRUARY 2026


http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0091
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0092
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0093
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0094
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0095
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0096
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0097
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0098
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0099
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0100
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0101
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0102
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0103
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0104
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0105
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0106
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0107
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0108
http://refhub.elsevier.com/S0002-9394(25)00550-1/sbref0109

	International Consensuses and Guidelines on Diagnosing and Managing Coats Disease by the Academia Retina Internationalis (ARI), the Asia-Pacific Vitreo-retina Society (APVRS), and the Academy of the Asia-Pacific Professors of Ophthalmology (AAPPO)
	METHODOLOGY
	OUTLINE
	 DEFINITION AND CLASSIFICATION CONTROVERSIES

	CONTROVERSIES AND CONSENSUS STATEMENTS
	 Coats disease vs Coats syndrome vs Leber miliary aneurysms
	 Unilateral vs bilateral involvement classification
	 Is exudation required for diagnosis
	 Adult-onset Coats disease: Is it different from childhood Coats?
	 Classification systems
	 Genetic vs sporadic nature: Rare familial cases vs predominantly sporadic occurrence
	 Associated syndromes: Coats plus syndrome, as described earlier
	 Systemic screening requirements
	 Debate over substage classifications within each stage
	 Severity-based vs location-based classifications
	 Debate over incorporating visual potential in staging
	 Relationship to other retinal vascular disorders
	 Presence of an inflammatory component in the pathogenesis of Coats disease
	 VEGF in Coats disease
	 Histopathology in Coats
	 Lipid abnormalities
	Complications

	 Controversy over atypical presentation inclusion: Pediatric vs adult diagnostic criteria differences
	Features of adult-onset Coats disease (AOCD)

	 Imaging Controversies
	Fluorescein Angiography: Necessity in all suspected cases vs selective use
	Pediatric angiography safety and cooperation issues
	Wide-field imaging necessity debate
	B-scan ultrasonographic evaluation
	Laser photocoagulation: Technique variations and technology selection
	Anti-VEGF therapy: Role in treatment algorithm and agent selection
	Surgical management: Vitrectomy indications and retinal detachment approaches
	Enucleation considerations: Indications and alternative approaches
	Controversy over enucleation vs observation in ambiguous cases
	Treatment timing and indications: Early intervention vs observation
	Minimal disease treatment thresholds: Controversy over asymptomatic disease management
	Controversy over treatment continuation in poor-prognosis cases: Quality of life vs anatomical success considerations-resource allocation in developing countries
	Laser photocoagulation: Treatment technique variations-direct photocoagulation vs scatter approaches
	Controversy over treatment extent beyond visible disease: treat CNP areas as well or treat only vascular malformations
	Cryotherapy: Indications, contraindications, and technical considerations
	Cryotherapy vs laser photocoagulation selection criteria
	Role of intravitreal steroids
	Combination Approaches: Anti-VEGF plus laser/cryotherapy sequencing
	Techniques of subretinal fluid drainage: combination with laser and intravitreal steroid
	Use of anterior chamber maintainer to aid subretinal fluid drainage or inject in to the vitreous cavity
	Need for tamponade and role of silicone oil
	Do all cases of stage 3 and 4 warrant surgery?
	Indications for enucleation in stage 5
	Adult-onset disease: Different characteristics and treatment approaches
	Bilateral disease: Management strategies and prognosis
	Disease extent at diagnosis correlation with outcomes: advanced stage of disease or extent of retinal detachment and involving the macula
	Controversy over anatomical vs functional success definitions
	Retreatment indications
	Monitoring for secondary glaucoma and cataract and recurrence of exudation
	Newer treatment modalities
	Artificial intelligence in retinal disease
	Options in resource-limited settings
	Lack of high-quality evidence for treatment decisions


	RESULTS OF VOTING AND DISCUSSION
	References


