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Since its original description in 1908, Coats disease has been recognized as an idiopathic
cause of severe vision loss with a remarkable diversity in clinical presentation and
morphology. Key clinical and imaging variables are helpful in differentiating Coats disease
from life-threatening malignancies, and proper management revolves around a thorough
knowledge of the differential diagnosis. Despite significant advancement in scientific
understanding of the disease process and clinical spectrum, the underlying etiology
remains obscure, and both primary and secondary forms are recognized. With the devel-
opment of anti-VEGF therapy, vitreoretinal specialists have a new, effective adjunct to the
clinical management of exudates, macular edema, and serous retinal detachment. We
highlight the history, diagnostic challenges, evolving clinical spectrum, and current
management of Coats disease.

© 2014 Elsevier Inc. All rights reserved.

1. Introduction

however, remains unknown. The condition is probably
congenital (based on frequent onset in infancy) but nonfa-

In 1908, George Coats described first described a series of
patients with a unique ocular disorder manifesting as
retinal telangiectasis with massive intraretinal and sub-
retinal exudation.?* Coats disease is recognized as a cause of
impaired vision, leukocoria, retinal telangiectasis, and
exudation in both children and adults. Considerable prog-
ress has been made over the past century in understanding
the incidence, morphology, patient characteristics, and
natural history of disease; the precise underlying etiology,

milial, usually not associated with systemic disease, occurs
most commonly unilaterally in young males, and may be
classified based on morphology.’®” The clinical spectrum of
Coats disease (Fig. 1) is broad, ranging from asymptomatic
perifoveal telangiectasis, such as that seen in type 1 idio-
pathic macular telangiectasia,'®**'%"13> to total exudative
retinal detachment with poor visual prognosis,****#>1%7 and
may progress to neovascular glaucoma with eventual
phthisis bulbi.>>%”
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Fig. 1 — Clinical Spectrum of Coats disease. Idiopathic macular telangiectasia type 1, or early development of moderate sized
aneurysmal dilations in the temporal macula associated with scant exudate (upper left); temporal mid-peripheral exudate
associated with telangiectatic retinal capillaries (upper right); diffuse exudate associated with inferotemporal telangiectatic
vessels and focal extra-macular serous retinal detachment (lower left); total macular detachment with massive subretinal

exudate and tortuous vasculature (lower right).

1.1. History

1.1.1. Coats’ observations

George Coats’ original description of the disease was based
primarily on histopathologic examination of enucleated
eyes and identified retinal vascular aneurysms, arteriove-
nous malformations, intra- and subretinal hemorrhages,
and exudates. Coats categorized eyes with these character-
istic morphologic findings into three groups: Group I
demonstrated massive subretinal exudate alone, group II
consisted of eyes with massive subretinal exudate, intra-
and subretinal hemorrhage, and retinal vascular dilatations,
and group III included eyes with subretinal exudate and
retinal arteriovenous malformations. Von Hippel later
identified group III as a separate entity, angiomatosis
retinae,’®'? which led to the exclusion of this group from
the spectrum of Coats disease. Coats also observed
a mononuclear cellular infiltrate in many specimens,
leading to early theories that the disorder was an infectious
or inflammatory process.®®

1.1.2. Leber’s and Reese’s observations

In 1912, Theodor Leber described a disorder with similar
retinal vascular abnormalities to Coats disease, but without
massive subretinal exudate, hemorrhage, and serous retinal
detachment.”* This became known as Leber multiple miliary
aneurysms, and Leber concluded that this entity was probably
an earlier or less severe form of the disease previously
described by Coats.”® Reese observed patients with the clinical
appearance described by Leber who eventually progressed to

a Coats-like clinical picture, and further reinforced the notion
that the two entities were part of the same clinical spectrum.®
The retinal vascular anomalies described by Leber and Reese
are now usually considered as part of the range of clinical
morphology present in Coats disease (Fig. 2), most recently

termed “type 1 idiopathic macular telangiectasia” *>33%13%

1.2.  Demographics and clinical presentation

Coats disease affects males more frequently than females,
with a ratio of 3:1 or more,'>331%7 and the disorder is unilateral
in greater than 75% of cases.’®*?%” There have been no ethnic
or geographic associations. Coats disease occurs as early as
3—4 months of age?® and may be a congenital retinal vascular
malformation,’®?*° although this has not been specifically
documented at birth.

Coats frequently presents in childhood with decreased
vision, leukocoria, or strabismus. Between 60% and 70% of
cases present in the first decade of life. Adults may present
with either symptoms identical to those present in children®
or a milder form of disease with predominantly macular
vascular anomalies such as those seen in type 1 idiopathic
macular telangiectasia (Fig. 2). Thus the spectrum of clinical
presentation may range from severe childhood exudative
retinal detachment with leukocoria, strabismus, and poor
vision to asymptomatic vascular anomalies in an adult.
Although painless unilateral vision loss, leukocoria, or
strabismus in a young male is the typical clinical presenta-
tion, bilateral cases and advanced disease with neovascular
glaucoma and eye pain do occur.
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Fig. 2 — Macular edema in early Coats disease, or type 1 idiopathic macular telangiectasia. Small to moderate-sized
aneurysmal dilations are present in the temporal macula with scant exudate (upper left); optical coherence tomography
through the fovea reveals intraretinal cysts (upper right); mid phase fluorescein angiogram demonstrates characteristic
aneurysmal dilations (lower left) which leak on recirculation phase images (lower right).

2. Basic science
2.1.  Histopathology

In the current era of early disease recognition and treatment,
enucleation and the opportunity to examine pathologic
specimens has become less common. Coats’ early description,
based on enucleated eyes, demonstrated many characteristic
features: subretinal exudate, a mononuclear cellular infiltrate,
and prominent cholesterol crystals.?*° Histologically, Coats
disease frequently displays foam or “ghost cells” (histiocytes)
in the inner retinal layers'® and glial proliferation."'%’
Specimens may demonstrate fibrinous subretinal exudate
with dense cellular reaction, predominantly consisting of
lipid and/or pigment-laden macrophages (Fig. 3).'%%131:37:62.69
Hemosiderin and pigment are frequently present within
macrophages, and retinal pigment epithelial cells often
exhibit fibrous metaplasia,’®**7° particularly following
photocoagulation.’? Electron microscopy demonstrates
diffuse thickening of retinal capillary adventitia and areas of
total absence of pericytes and vascular endothelium.'?>127:13%
Although calcification is not common, late-stage disease may
lead to diffuse retinal disorganization and potentially calcifi-
cation by osseous metaplasia.'®?

2.2. Genetics

The exact molecular mechanisms underlying Coats disease
remain to be elucidated. Several candidate gene mutations are
described, including the Norrie disease protein (NDP),**%°
CRB1,2>2¢ and PANK2.'™> Mutations in NDP, the gene encod-
ing for the secreted protein Norrin (a Wnt singling pathway

protein) is associated predominantly with bilateral congenital
retinal vasculopathies such as Norrie disease®® and X-linked
familial exudative vitreoretinopathy.'® Norrin is a ligand for
the Frizzled-4 receptor, but unlike familial exudative vitreor-
etinopathy, Coats disease does not appear to be associated
with mutations in Frizzled-4.” Deficiency in Norrin has been
associated with a mother with unilateral Coats disease who
had a son with Norrie disease.™

Cremers?® and den Hollander®® have recently demon-
strated mutations in CRB1, a transmembrane protein that
localizes to the brain and retina, in a majority of patients with
inherited retinal disease that include a Coats-like retinop-
athy. CRB1 mutations do not, however, appear to be associ-
ated with classic Coats disease without retinitis
pigmentosa.?® A somatic mutation®® is a compelling hypoth-
esis given the congenital, non-familial, and wunilateral
features of the disease. A Coats-like retinal phenotype has
additionally been described in both syndromic®® and isolated
retinitis pigmentosa®!'® and with facioscapulohumeral
dystrophy,***?* Senior-Loken syndrome,'® and several other
isolated cases.

3. Morphology and clinical spectrum
3.1. Ophthalmoscopy and fundus photography

3.1.1. Anterior segment findings

The cornea, iris, lens, and vitreous are typically unaffected in
early Coats disease.'®” Advanced stages may include ischemic
anterior segment sequelae, including cataract, iris neo-
vascularization, aqueous cellular reaction, flare, and neo-
vascularization of the angle. Therefore, all patients with Coats
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Fig. 3 — Coats disease histopathology. Hematoxylin and eosin stain. Whole-eye specimen demonstrates total exudative
retinal detachment in this eye enucleated for severe refractory neovascular glaucoma (upper left, 2x magnification).
Magnified view of superior subretinal region demonstrating cholesterol crystals (asterisk) and pigment-laden macrophages
(arrow, upper right, 10x magnification). Magnified view of peripheral retina demonstrates dilated vascular channels
(arrowheads) with terminal spaces (asterisk, lower panel, 25x magnification).

disease and elevated intraocular pressure require a complete
gonioscopic evaluation. Anterior segment findings typically
indicate more severe disease and predict worse visual
outcome and a poor prognosis for globe salvage.”'*” Anterior
chamber and anterior vitreous cells are typically absent in
Coats disease, and their presence therefore requires the
consideration of an inflammatory etiology.

3.1.2. Posterior segment findings
In early disease (stage 1), telangiectasis and other vascular
abnormalities develop in the retinal capillary network,

predominantly in the temporal macula and mid-periphery.
Affected vessels exhibit irregular enlargement and associ-
ated aneurysmal dilations (Leber miliary aneurysms) on
terminal vessels (Figs. 2 and 4).6%8%'%>' These aneurysmal
dilations, most commonly found surrounding areas of capil-
lary dropout, tend to be radially oriented.>?

Vascular abnormalities within the macula and periphery
may result in progressive retinal edema and the accumula-
tion of lipid exudates. When exudate accumulates in Henle’s
layer (parafoveal outer plexiform layer), a macular star
develops. Macular edema from posterior or peripheral

Fig. 4 — Vascular morphology in Coats disease. Fundus photography demonstrating temporal mid-peripheral saccular
vascular aneurysms with tortuous, telangiectatic capillaries (left); fluorescein angiography demonstrating characteristic
“light bulb” aneurysms, telangiectatic vasculature, and peripheral segmental nonperfusion (right).
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vascular leakage is a common cause of visual loss in Coats
disease. In the posterior pole, subretinal accumulations of
exudate may develop, forming yellow-white mounds and
broad sheets of lipid material primarily composed of
cholesterol (Fig. 5).>>'%” Longstanding subretinal exudates
may exhibit superficial crystalline deposits.*® Retinal blood
vessels overlying patches of exudate may gradually become
masked and undergo gliotic sheathing®®'?” as the mass of
exudate increases. Retinal pigment epithelial cells that
proliferate and migrate into the subretinal space and
undergo fibrous metaplasia'®>! have been associated with
subretinal fibrous proliferation and resultant retinal
detachment.”®®

Exudate most commonly occurs in the temporal macula
and mid-periphery.®*'7'% [f the exudate involves a full
retinal quadrant, a partial serous retinal detachment may
ensue. The extent of serous detachment increases as the
vascular and exudative components of the disorder proceed,
until a total retinal detachment overlying a yellow-green
subretinal mass results.”’ In few patients, the detachment
spontaneously regresses before neovascular complications
arise.’®?” Secondary complications include uveitis, glaucoma,
and cataract.*>*1%” The choroid and sclera appear to be
unaffected by the primary pathology of Coats disease.

The vitreous usually remains clear unless hemorrhage,
neovascularization, massive leakage, or retinal breaks are
present. Vitreoretinal traction, fibrosis, or proliferative vit-
reoretinopathy are rare'®”;epimacular membrane may be
more common than previously recognized, however. 108
Peripheral fibrosis is seen with increasing frequency
following intravitreal anti-VEGF agents®® or cryotherapy**
(Fig. 6). Macular fibrosis, which describes the macular
intraretinal and subretinal fibrotic scar (Fig. 7) occurs as
a consequence of long-standing exudate and choroidal
neovascularization®®'”” and portends a worse visual prog-
nosis.’®” This was recognized as a choroidal fibrotic mass in
Coats’ original description.?! Preretinal fibrosis and vitreor-
etinal traction can be helpful differentiating features in

disorders with a Coats-like clinical picture, such as vaso-
proliferative tumor,’*'® and their presence warrants
consideration of additional diagnoses.

3.2 Ultrasonography

Ophthalmic B-scan ultrasonography is useful, especially in
clinical situations where posterior segment examination is
limited by media opacity or poor patient cooperation. Ultra-
sonography can confirm the disease extent and absence of
a choroidal mass lesion in Coats disease.’® Typical findings
include relatively immobile, serous retinal detachment
contiguous with the optic nerve head, hyperreflective masses
of exudate, or clear subretinal space without significant
choroidal thickening or vitreoretinal traction.”>'%” The pres-
ence of calcification, indicating a potential malignancy, can
also be assessed.

3.3.  Angiography

Fluorescein angiography facilitates early or peripheral detec-
tion of vascular abnormalities in stage 1 disease.®®'712°
Characteristic findings may be more easily identified angio-
graphically in the context of massive exudation, which
obscures visualization of vascular lesions. The angiographic
features of Coats disease include areas of nonperfusion,
telangiectatic capillaries most prominent in the temporal
macula, and “light bulb” aneurysms (Fig. 4).8'?> Additional
common angiographic findings include vascular leakage,
tortuosity, and blockage from overlying exudate.®®'1812°
Wide-field angiography (Figs. 8 and 9) and RetCam imaging
(Clarity Medical Systems Inc., Pleasanton, CA) may improve
detection of isolated peripheral Coats disease or help
with early detection of disease extent. Indocyanine green
angiography has rarely been reported in Coats disease,?
but may assist in cases where underlying choroidal
pathology, such as tumor or choroidal neovascularization, are
suspected.

Fig. 5 — Submacular exudate and serous retinal detachment in Coats disease. Stage 3 disease involving the macula with
diffuse vascular tortuosity, characteristic temporal aneurysms, and dense submacular yellow-white exudate with overlying

hemorrhage.
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Fig. 6 — Epiretinal gliosis and chorioretinal scar following cryotherapy to vascular abnormalities in Coats disease.

3.4. Optical coherence tomography

Optical coherence tomography (OCT) is useful in identifying
subtle macular edema or cystic changes and to monitor
response to treatment.>”®> OCT’s role in Coats disease parallels
those for other retinal disorders in the era of anti-VEGF therapy.
The recent development of intraoperative OCT allows high-
resolution imaging during an examination under anesthesia.”’
Identification of subretinal fluid, exudate, and hemorrhage, as
well as assessment of the integrity of specific retinal layers, may
be visible with OCT in patients with Coats disease.

3.5. Computed tomography and magnetic resonance
imaging

Radiologic imaging of the globe and orbit may be obtained
with computed tomography (CT)°*’® and magnetic resonance
imaging (MRI)*®>*78 (Fig. 10). CT and MRI are particularly
useful in differentiating cases of advanced Coats disease from
malignant lesions producing a similar clinical picture.’® CT
with and without contrast demonstrates calcifications that
are common in retinoblastoma but not in Coats, vascularity,
presence of subretinal lesions, and extraocular orbital or

Fig. 7 — Macular fibrosis in Coats disease. Right eye of an adult female demonstrating findings consistent with type 1
idiopathic macular telangiectasia, with microaneurysms and exudate in the temporal macula (upper left); left eye
demonstrating a large chorioretinal scar with subretinal fibrosis, the so-called “macular fibrosis” due to previous exudate
and choroidal neovascularization (upper right); fluorescein angiography of the left eye reveals telangiectatic vessels and
aneurysmal dilations typical of Coats disease (lower left); wide-field fluorescein angiography demonstrates areas of
temporal retinal capillary non-perfusion, leakage from aneurysmal, telangiectatic capillaries, and staining of the central

macular scar (bottom right).
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Fig. 8 — Fundus photography and wide-field fluorescein angiogram of a patient with Coats disease. Composite fundus photo
with diffuse peripheral exudate and inferotemporal vascular tortuosity (upper left); wide-field fluorescein angiogram
demonstrating “light-bulb” aneurysms and additional inferior regions of peripheral vascular leakage (right); optical

coherence tomography demonstrating normal foveal contour.

intracranial lesions such as metastases from an underlying
malignancy.>>*? In addition, globe volumes may be signifi-
cantly lower than for normal eyes or retinoblastoma in Coats
disease.’**® MRIs demonstrate hyperintense T1- and T2-
weighted signal converging on the optic nerve head corre-
sponding to an exudative retinal detachment.>*3 This is in
contrast to retinoblastoma, which is relatively hypointense on
T2-weighted images (Fig. 10).>*3* After contrast administra-
tion, retinoblastoma reveals mass-like enhancement, in
contrast to advanced Coats disease, which demonstrates
linear enhancement convergent on the optic nerve head cor-
responding to detached retina.3®**”” As there are several
additional differentiating features between retinoblastoma
and Coats disease visible with MRI and there is no ionizing
radiation exposure, this imaging modality has been advocated
as particularly efficacious.®***”” A diffuse retinal detachment
contiguous with the optic nerve, a T1 MRI signal that is iso-
dense with extraocular muscle and hyperintense signal on T2
MRI is consistent with Coats disease.

3.6.  Variants and differential diagnosis

3.6.1. Tumors

3.6.1.1. Retinoblastoma. Coats disease is only one of a spec-
trum of disorders causing childhood leukocoria.>**'® Antic-
ipation of atypical Coats-like presentations of ocular
malignancies is essential to avoid rare but potentially severe
clinical consequences.”'’110%197.120 Bacayuse both advanced
Coats disease and retinoblastoma may present with the
triad of retinal detachment, apparent subretinal mass, and
dilated vasculature,®’* surgical procedures could have
a potentially fatal outcome if an unsuspected retinoblas-
toma seeds adjacent orbital tissues. Although differentiating
features between Coats disease and retinoblastoma may be
obvious from clinical examination in early stages of disease,
even the most experienced observer may find it impossible
to differentiate these entities based on ophthalmoscopic
findings alone for diffuse or advanced disease, particularly
in the context of a poor view of the posterior segment.

Fig. 9 — Bilateral wide-field fluorescein angiogram of a patient with Coats disease. The right eye is unaffected,
demonstrating normal vascular morphology; the left eye includes stage 3 disease with diffuse vascular tortuosity, macular
leakage, blockage form dense submacular exudate, and exudative retinal detachment with diffuse peripheral vascular

leakage.
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Fig. 10 — Diagnostic imaging in Coats disease and retinoblastoma. Axial contrast enhanced computed tomography of

a patient with Coats disease reveals a retinal detachment in the right eye which is isodense with extraocular muscle and
lacks calcification (upper left); axial contrast enhanced computed tomography in a patient with bilateral retinoblastoma
reveals intraocular masses with abundant calcification (upper right); axial T1 MRI in a patient with left exophytic
retinoblastoma demonstrates an intraocular mass, (lower left); axial T2 MRI of the same patient with left exophytic
retinoblastoma revealing mass-like hypointense signal (lower right).

Misdiagnosing Coats disease as retinoblastoma may result
in the enucleation of a potentially salvageable eye and is the
most common reason for enucleation with the incorrect
diagnosis of retinoblastoma.”™®! Conversely, mistaking
a case of retinoblastoma for Coats disease delays the
appropriate therapeutic intervention and increases the
possibility of extraocular tumor spread, especially if intra-
ocular surgery is performed. Because it is exceedingly rare to
salvage useful vision in a child with advanced Coats disease,
it is appropriate to enucleate any eye in which retinoblas-
toma cannot be excluded.

3.6.1.2. Hamartomas and vasoproliferative tumors. Additional
lesions producing focal retinal angiomatous lesions have
been recognized as distinct clinical entities. Hamartomas
including capillary hemangiomag® 104110111112 gng
cavernous hemangiomas*®®>*° have been reported to
simulate a Coats-like retinopathy. Helpful differentiating
clinical features are the lack of prominent exudate and
characteristic morphology in the majority of cases.
Cavernous and capillary hemangiomas more
commonly in a peripapillary location than Coats disease.
Capillary hemangiomas contain prominent feeder vessels
and have a characteristic focal angiographic appearance
when endophytic. Capillary hemangiomas, or hemangio-
blastomas occur primarily as part of Von Hippel-Lindau
syndrome, the dominantly inherited phakomatosis. Exo-
phytic lesions may be more difficult to differentiate from
Coats disease, especially if accompanied by exudate.
Retinal vasoproliferative tumor, or “acquired retinal capil-
lary hemangioma,””?*°® has many of the same characteristic

occur

features of Coats disease, including unilaterality, temporal
periphery location, prominent exudate, and serous retinal
detachment. The presence of specific feeder and draining
vessels, a vascular mass, and vitreoretinal interface abnor-
mality®?>'%% such as preretinal fibrosis are possible differen-
tiating features (Fig. 11). Unlike the hemangiomas present in
Von Hippel-Lindau, primary vasoproliferative tumors have
no or minimally dilated feeder vessels and demonstrate
frequent exudate, serous retinal detachment, and far-
peripheral, inferotemporal location.'® There is considerable
overlap between adult Coats disease and secondary
vasoproliferative tumors.?”-*¢°%72103 [ike Coats disease, vas-
oproliferative tumors are association with, and are presum-
ably secondary to, underlying retinal pathology such as
retinitis pigmentosa®>'%® and intermediate uveitis.’**'% The
treatment of vasoproliferative tumor is nearly identical to
Coats disease, but has additionally been successfully
managed with photodynamic therapy’’ and radioactive
plaque brachytherapy.>?>%’

3.6.1.3. Additional tumors. Several additional atypical
presentations of retinal or choroidal tumors have been
associated with exudate or serous retinal detachment and
confused with Coats disease.’® For this reason, it is
important to maintain a differential diagnosis for all
instances of Coats-like retinopathy. Choroidal melanoma
does not typically present with prominent exudate and
demonstrates a characteristic pigmented choroidal mass in
most cases; amelanotic melanomas with a serous retinal
detachment and exudative component may simulate Coats
disease, however.1%
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Fig. 11 — Retinal vasoproliferative tumor. Fundus photography of the left eye of an adult with a dense epimacular fibrous
membrane and an inferotemporal vascular mass (asterisk) with subretinal exudate and hemorrhage (left); there is

a specific feeding arteriole (arrow) and draining venule (arrowhead) that are minimally dilated, features which, along with
epimacular fibrosis make the diagnosis of vasoproliferative tumor more likely than Coats disease; wide-field fluorescein
angiography reveals the inferotemporal vascular lesion with telangiectatic vessels, leakage, and epiretinal

neovascularization (right).

3.6.2. Inherited and congenital vitreoretinal disorders
3.6.2.1. Retinitis pigmentosa. A Coats-like retinopathy is
associated with retinitis pigmentosa, occurring in up to 4% of
patients.®®®* This exudative presentation of retinitis pig-
mentosa is frequently bilateral®® and does not appear to be
a feature of X-linked retinitis pigmentosa.®® As noted earlier,
the identified genetic features of this condition appear to
differ from classic Coats disease.’®?® The disorder typically
presents in a patient with a long-standing history of retinitis
pigmentosa. Treatment is identical to the treatment for classic
Coats disease and involves ablation of abnormal telangiectatic
vessels.

3.6.2.2. Norrie disease. Norrie disease is a rare congenital
retinal dysgensis syndrome with X-linked recessive inheri-
tance, sensorineural hearing loss, and cognitive
impairment.****317133 patients are typically blind from birth
and have massive bilateral retinal disorganization with
a “pseudoglioma” appearance to the retina. Progressive
hearing loss typically develops later in childhood.'** Norrie
disease has been linked to several mutations in the Norrie
disease protein, which has also been found in some cases of
familial exudative retinopathy.'® Family history, bilaterality,
syndromic features, and the presence of the typical gliotic
appearing retinal mass or “pseudoglioma” help differentiate
this disorder from childhood Coats disease.

3.6.2.3. Persistent fetal vasculature. Persistent fetal vascula-
ture, formerly known as persistent hyperplastic primary
vitreous, is an additional cause of childhood leukocoria that
may be confused with Coats disease.”®’®% Persistent fetal
vasculature is, however, typically nonprogressive and lacks
the exudative features present in Coats disease. Anterior
segment findings, particularly cataract, occur early and are
a common feature of the disorder, unlike Coats disease. Like

Coats, a smaller affected eye may be evident with radiologic
studies.”® Unlike Coats, persistent fetal vasculature with
significant vitreoretinal traction and a central vascular stalk
through the central hyaloidal canal may be present on both
clinical exam and B-scan ultrasonography.

3.6.2.4. Familial exudative vitreoretinopathy. Familial exuda-
tive vitreoretinopathy (FEVR) is another hereditary vitreoretinal
disorder that may present with childhood leukocoria, vision
loss, and exudative retinal detachment.’*®* Unlike Coats
disease, the disorder is typically bilateral, demonstrates no sex
predilection, and frequently has vitreoretinal membranes and
tractional retinal detachments.®® FEVR may demonstrate
autosomal dominant or X-linked recessive inheritance. Auto-
somal dominant FEVR has been linked to genes on chromo-
some 11,12 which encode proteins involved in the Wnt
signaling pathway. X-linked FEVR has been linked to missense
mutations in the Norrie disease protein.’®

3.6.3. Idiopathic retinal vascular diseases and inflammation
3.6.3.1. Uveitis and retinal vasculitis. Disorders with posterior
uveitis and retinal vasculitis that cause retinal capillary non-
perfusion, aneurysmal dilations, and exudation may simulate
Coats disease.*’ In fact, intermediate uveitis may lead to
retinal vasoproliferative tumor that exhibits a Coats-like
retinopathy.'® Eale disease, an idiopathic peripheral retinal
vasculitis may be confused with Coats disease, but typically
occurs bilaterally, and exudation is uncommon.>*>*? In
addition, any posterior uveitic condition producing serous
retinal detachment, such as scleritis with an exudative
component, may simulate Coats disease.”

3.6.3.2. Macular telangiectasia. Type 1 idiopathic macular
telangiectasia, as previously discussed, is usually considered
as part of the clinical spectrum of Coats disease. Unilateral
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aneurysmal retinal vascular dilations in the temporal peri-
foveal region of a nondiabetic patient define the condition
(Fig. 2). With the advent of wide-field fluorescein angiography,
peripheral lesions similar to Coats disease have been identi-
fied in some cases, further supporting the notion that type 1
idiopathic macular telangiectasia is a precursor to or a milder
form of Coats disease. Type 2 idiopathic macular telangiec-
tasia is a distinct clinical entity involving bilateral telangiec-
tatic retinal capillaries and degenerative cystic perifoveal
spaces.*>*> The disorder may produce yellow crystalline
deposits in the macula and a gray sheen in the temporal
perifoveal region, but significant exudate and subretinal fluid
are not features. Type 3 idiopathic macular telangiectasia is
a rare clinical diagnosis demonstrating an occlusive micro-
vascular retinopathy,*>***> but lacks most features of Coats
disease and may be secondary to previous retinal vascular
disease such as retinal vein occlusion.

3.6.4. Other retinal vascular disorders producing retinal
vascular dilations and exudation

Diabetic retinopathy should rarely, if ever, be confused with
Coats disease because of the medical history, typical systemic
features, bilateral nature, typical microaneurysms, presence
of epiretinal neovascularization, and vitreoretinal traction
when peripheral retinal detachment is present. Nevertheless
asymmetric and highly exudative presentations of diabetic
retinopathy may simulate a Coats-like retinopathy. Central or
branch retinal vein occlusion, particularly when highly
exudative, may simulate Coats disease.'® Typical sudden
onset in an adult with characteristic retinal nerve fiber layer
hemorrhages make clinical differentiation less challenging.
Retinal macroaneurysm has a characteristic appearance, an
association with hypertension and other retinal vascular
disorders, and typically exhibits less diffuse exudation.

4. Current clinical management
4.1. Vascular ablation
4.1.1. Historical considerations

Early treatment for Coats disease revolved around the
hypothesis that the disorder arose from an underlying infec-
tious or inflammatory etiology.®®'*’ Various attempts at
treatment with antibiotics and anti-inflammatory agents had
no apparent effect. The first treatment successes were
vascular ablation with transscleral diathermy®° or radiation
therapy.”*%° Either ruby or xenon arc photocoagulation®**"’
then became the treatment of choice for most. Subsequent
therapies have built upon the basic clinical goal of destroying
abnormal vasculature and aneurysmal dilations, leading to
the reduction in vascular leakage and exudation.

4.1.2.  Cryotherapy

Telangiectatic vessels in the far peripheral retina in the setting
of total exudative retinal detachment may preclude adequate
laser photocoagulation; therefore, cryotherapy has been
traditionally used in this setting.>® Cryotherapy may be used
under indirect ophthalmoscopy and is deployed until a white
freeze reaction is observed. Treatment of all abnormal areas

and a margin of normal tissue are performed three times
within the same session (triple freeze/thaw therapy). As with
photocoagulation, a therapeutic interval of 4 to 6 weeks is
used to gauge adequate treatment response, and re-treatment
provided if necessary.”® There is some evidence that cryo-
therapy increases epiretinal membrane formation and retinal
traction.*® Therefore we prefer to avoid cryotherapy in Coats
disease, because adequate ablation of retinal telangiectasis
can be performed with laser photocoagulation, even in the
setting of subretinal fluid, as described. Nevertheless, cryo-
therapy is a known effective method of achieving resolution of
exudate, telangiectasis, and vascular ablation in Coats
retinopathy.

4.1.3. Thermal laser photocoagulation

Photocoagulation early in Coats disease, first described by
Meyer-Schwickerath, has historically been the most effica-
cious treatment.’®°>'?” Laser photocoagulation converts
monochromatic, coherent light energy to heat energy.
Consequently, the temperature of the absorbent tissue rises,
resulting in protein denaturation and tissue coagulation.?!
The tissue absorbing the light energy is the chromophore,
and its absorption capacity is determined by its absorption
spectrum in relation to the incident laser wavelength. Normal
retina is a poor chromophore because of its transparency.
Retinopexy for retinal breaks utilizes the absorptive properties
of the retinal pigment epithelium and requires contact
between the pigment epithelium and the overlying retina for
development of a chorioretinal adhesion. In contrast, the goal
in Coats disease is to obliterate abnormal vasculature and
hyperpermeable aneurysmal dilations. Therefore, the
absorptive property of hemoglobin to 532 nm (green) laser
light is adequate for vascular absorption of laser energy, and
this wavelength can be utilized for direct photocoagulation of
vascular anomalies even in the presence of subretinal fluid.®®
Infrared laser wavelengths have inadequate absorption
spectra for intravascular chromophores. Photocoagulation
arrests the exudative process by destroying defective retinal
blood vessels, particularly telangiectasias and aneurysms
(Fig. 12). The effectiveness of the treatment may decrease
when more than two quadrants of the retina exhibit vascular
abnormalities.?®'%” Close follow-up is required following
ablative therapy, as late recurrences may require additional
treatment.88921%7

4.2.  Anti-VEGF therapy

4.2.1. Role of VEGF in Coats disease

A number of recent reports address the role of vascular
endothelial growth factor (VEGF) in Coats disease®>'?? and the
use of intravitreal anti-VEGF compounds as an
adjunctlS,44,64,67,95,121,122,128,130 or Sil’lgle therapy,2’14’36’75 VEGF
levels are markedly elevated in Coats disease,”*?? and intra-
vitreal bevacizumab (Avastin, Genentech, South San Fran-
cisco, CA) is highly effective in decreasing edema and exudate
and may even induce resolution of total retinal detachment
after a single administration.’®® Sun et al**? and Kaul et al®*
demonstrated clinical improvement and decreased VEGF
levels after pegaptanib therapy. Ramasubramanian et al
found an increase in fibrosis and vitreoretinal traction
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Fig. 12 — Response to laser photocoagulation in Coats
disease. Before treatment, exudate is located in the
temporal mid-periphery overlying telangiectatic retinal
capillaries (upper image); 6 weeks following treatment,
pigmented laser scars are visible and most exudate has
resolved (lower image).

following bevacizumab for Coats disease; as all patients
received cryotherapy, the eyes included were skewed toward
more severe disease, however, and there was no visual data
presented in this small series. We have noticed subretinal
fibrotic bands in published images that were not specifically
commented on, but these did not appear to involve the
macula, occurring predominantly within peripheral areas of
localized retinal detachment. Improvement in exudate and
subretinal fluid occurred in all cases in Ramasubramanian
et al’s series, with no retinal breaks or progression to more
severe stage of disease. The overwhelming weight of
evidence, therefore, supports the use of anti-VEGF therapy for
Coats disease with retinal edema or exudate involving the
macula or when adequate ablative therapy cannot be used. A
summary of the published experience to date with intravitreal
bevacizumab in Coats disease is presented in Table 1.
Further experience will reveal how the visual and anatomic
prognosis of severe Coats disease may change in the era of
anti-VEGF therapy. We have had favorable visual and
anatomic results at greater than 2 years of follow-up in our
unpublished series of patients receiving a single treatment of
intravitreal bevacizumab, 1.25 mg/0.05 mL, followed by argon
laser photocoagulation in a single session. Two patients
experienced resolution of total retinal detachment following
bevacizumab therapy alone. Small sample size and inability to
objectively measure vision in most patients at presentation
make identification of a statistically significant visual benefit
difficult; mean visual outcome in the bevacizumab group
appears improved compared to those receiving ablative
therapy alone, however. We currently recommend initial

treatment consisting of a single intravitreal anti-VEGF treat-
ment for any significant macular edema, exudate, or serous
retinal detachment, with ablative therapy with argon laser
photocoagulation either concomitant with anti-VEGF admin-
istration or following resolution of exudate and edema.

4.3. Combined treatment and vitreoretinal surgery
4.3.1. Vascular ablation combined with anti-VEGF or
corticosteroid

Much of the current experience with anti-VEGF therapy
combines vascular ablation, primarily laser photocoagulation,
or cryotherapy. Therefore, the true efficacy of anti-VEGF
therapy as primary therapy for Coats disease remains
unknown, although cases treated with bevacizumab alone do
demonstrate a favorable clinical response. We have observed
dramatic improvement in macular edema and exudate in
patients treated with a single intravitreal bevacizumab
administration when combined with laser photocoagulation
(Fig. 13) and for persistent macular edema following previous
ablative therapy (Fig. 14). Intravitreal corticosteroids such as
triamcinolone acetate have met with some degree of
81589 35 an adjuvant to ablative therapy for decreasing
subretinal fluid and exudate. One series of cases experienced
total exudative retinal detachment resolution following
intravitreal triamcinolone.*? In light of recent success and the
improved side-effect profile of anti-VEGF therapy, however,
corticosteroids may be less indicated because of the risk of
glucocorticoid-induced intraocular pressure elevation,
endophthalmitis, and cataract.

success

4.3.2. Vitreoretinal surgery for refractory cases
In advanced Coats disease, photocoagulation and/or cryo-
therapy may not halt progression.’#>#8% The extensive
subretinal exudate may prevent the cryotherapy “ice ball”
from contacting the abnormal vessels located on the elevated
retina. Areas of telangiectasia inaccessible to laser may need
retreatment after subretinal fluid resolution. These cases may
require drainage of subretinal exudative fluid to assist in
restoring the apposition between the neural retina and retinal
pigment epithelium,*"®> particularly when fibrosis prevents
complete retinal reattachment. These surgical procedures
may facilitate treatment of abnormal vessels by photocoagu-
lation or cryotherapy, thereby inhibiting further accumulation
of exudates or at least preventing progression to phthisis
bulbi. 8107

Vitrectomy should be considered as a last resort for
intractable total retinal detachments, a situation less often
encountered in the era of anti-VEGF therapy. Surgical inter-
vention may be required in cases with significant epiretinal
traction from preretinal membranes or proliferative vitreor-
etinopathy.®*8>1% Eyes with Coats disease may have an
abnormal transretinal pressure gradient, because the retinal
pigment epithelium capacity to maintain a fluid-free sub-
retinal space may be overwhelmed by the exudative process.
Therefore, internal drainage retinotomies should be avoided.
Retinal breaks may lead to a persistent total exudative/rheg-
matogenous retinal detachment as a result of the underlying
RPE deficiency. Transscleral subretinal fluid drainage may
then be required. One small case series decribes successful
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Table 1 — Summary of current experience with intravitreal bevacizumab in Coats disease

Investigator Year n Follow-up Outcome measures Additional treatment® Comments
(first author) (months)
Cakir®® 2008 1 3 subretinal fluid, leakage, vision triamcinolone, Ar laser superior RD resolved, subretinal bands extramacular, improved
vision
Venkatesh'?® 2008 2 12 leakage, vision Ar laser 6 weeks following IVB female patients, resolved macular edema, visual improvement in
50%
Alvarez-Rivera? 2008 1 1 Vision, subretinal fluid none female patient, RD and exudate improved, vision stable
Stergiou 2009 1 4 Macular edema, exudate, vision Single Ar laser at presentaiton 3 IVB over 4 months, exudate improved, vision 20/1000-20/60
Cackett 2010 1 12 subretinal fluid, exudate, vision Ar laser subsequent to IVB improved vision, decrease in subretinal fluid and exudate following
IVB alone
Lin 2010 3 12 Macular edema, subretinal fluid, Ar laser or Cryo following IVB macular edema improved in previous refractory case, exudate and
leakage, exudate, vision in 2 cases, IVB after refractory to vision improved in all cases, vision improved in all cases, RD
Laser and Triamcinolone in one case improved, 3 monthy IVB in all cases
Kaul®* 2010 2° mean =4 Subretinal fluid, vision External drainage, Ar laser, SF® RD resolved, decreased macular edema
Goel** 2011 3 9 macular edema, exudate, vision Ar laser 3 weeks following IVB Adult patients, all with improved vision
Wang'*° 2011 3 mean =14 Vvision, exudate, macular edema, Ar laser 2 monthly injections, improvement in exudate, macular edema,
telangiectasias telangiectasia, and vision
Zhao'*® 2011 1 6 subretinal fluid, vision none IVB alone, resolution of total RD, improved vision
Ramasubramanian®® 2012 8 mean=8.5 subretinal fluid, exudate, Cryo (100%), Laser (50%) range 1—4 injections, 50% vitreoretinal fibrosis, %z TRD, 100%
telangiectasias, vitreoretinal fibrosis resolution subretinal fluid, 100% improvement in telangiectasias,
75% resolution of exudate, no retinal breaks
Beselga’ 2012 1 12 vision, macular edema, exudate PDT, Ar laser Stable subretinal fluid, progressed to macular fibrosis
Sigler© 2012 14 mean =21 vision, RD, exudate, macular edema Ar laser 1 case with resolution o total RD, improvement in exudate and
macular edema in all cases
Sigler® 2012 6 mean =19 vision, RD, exudate, macular edema none 2 patients with resolution of total RD, improvement in macular

edema and exudate in all cases

@ Ar, argon laser photocoagulation; IVB, intravitreal bevacizumab; RD, exudative retinal detachment.
® One case with pegaptanib not included.
¢ Current authors’ experience, previously unpublished data.
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Fig. 13 — Response to combined anti-vascular endothelial growth factor compounds and laser photocoagulation in Coats
disease. Pretreatment there is diffuse exudate in all four retinal quadrants as well as serous retinal detachment (upper left);
6 months following a single intravitreal bevacizumab treatment and focal laser photocoagulation to temporal telangiectatic
vessels, exudate has completely resolved (upper right image); green tracing denotes raster line for optical coherence
tomography demonstrating subfoveal exudate and macular edema (lower left); following treatment, edema and exudate has

completely resolved (lower right).

anatomic and visual outcomes following vitrectomy with
internal drainage of subretinal fluid and silicone oil
tamponade.®®

For severe Coats disease (stage 4 and 5 disease), our find-
ings,” similar to those of previous reports,>'%” suggest that
subretinal drainage combined with vitreous infusion and
ablation of abnormal vasculature can preserve the globe. As

a result, patients with Coats can experience normal orbital
growth and not suffer the cosmetic and psychological side
effects associated with enucleation. Unfortunately, few
patients appear to retain useful vision in advanced
disease.”**"'%” In fact, a majority of patients in the largest
series of Coats disease to date had visual outcomes of 20/200
or worse.” This may relate to the massive photoreceptor

Fig. 14 — Response of persistent macular edema following cryotherapy to anti-VEGF therapy in Coats disease. Fluorescein
angiography demonstrates chorioretinal scarring in the area of previous cryotherapy temporal to the macula, but persistent
aneurysmal dilations surrounding the fovea (upper left); recirculation phase angiogram reveals diffuse macular leakage
(upper right); optical coherence tomography reveals diffuse cystic macular edema (lower left); 1 month following treatment
with intravitreal bevacizumab, edema has resolved (lower right).


http://dx.doi.org/10.1016/j.survophthal.2013.03.007
http://dx.doi.org/10.1016/j.survophthal.2013.03.007

SURVEY OF OPHTHALMOLOGY 59 (2014) 30—46 43

degeneration from the effects of subretinal exudation in
advanced disease.”*

4.3.3.  Clinical approach to Coats disease management

The broad spectrum of disease phenotype and clinical
behavior present in Coats disease makes clinical diagnosis
and management challenging. Nevertheless, prompt recog-
nition and initiation of management may lead to an
improved clinical outcome. The classification system of
Shields et al provides a useful approach to clinical severity
with prognostic significance. We currently recommend
treatment based on patient factors and severity of disease.
Pediatric patients should have careful examination under
anesthesia that addresses the differential diagnosis outlined
above prior to treatment initiation. Baseline fundus
photography, wide-field angiography, and intraoperative
OCT should be performed if available. Eyes with peripheral
telangiectasis without exudate or retinal detachment
(Shields stage 1) may be observed; we prefer to treat initially
with laser ablation, however, because of its minimal risk
and the potential to prevent exudates. For eyes with
significant exudate, subretinal, or intraretinal fluid without
glaucoma (stages 2 and 3), we administer intravitreal anti-
VEGF agents. Thermal laser ablation should be initiated
even in the presence of subretinal exudate or fluid, as
described. We prefer to avoid cryotherapy because of its
and proliferative vitreoretinopathy-
inducing potential. We recommend close follow-up based
on the duration of anti-VEGF intravitreal activity (i.e., at
least monthly) until disease stabilization. For adult patients
with a significant exudative process, intravitreal anti-VEGF
agents combined with laser ablation may be performed
as an outpatient, with monthly follow-up until disease
stabilization. Type [ idiopathic macular telangiectasia
and those patients with mild disease with extra-foveal
abnormal vasculature only and minimal exudate may be
treated with laser vascular ablation alone. Patients with
foveal aneurysmal dilations and evidence of macular edema
should be treated with anti-VEGF agents alone. Patients with
severe (stage 4) disease with glaucoma may require surgical
intervention. We currently use 25-gauge pars plana vitrec-
tomy and external drainage of subretinal fluid, when
possible, prior to vascular ablation with endolaser photo-
coagulation for select cases with stage 4 disease. End-stage
Coats disease (stage 5) with no light perception and
a comfortable, cosmetically acceptable globe may be
observed without treatment, whereas persistently painful,
blind eyes should be considered for enucleation.

tissue-destructive

5. Conclusion

Despite significant advancement in the scientific under-
standing of Coats disease and its clinical spectrum, the
underlying etiology remains obscure, with both primary and
secondary forms recognized. With the development of anti-
VEGF therapy, vitreoretinal specialists have a new, effective
adjunct for the clinical management of exudate, macular
edema, and serous retinal detachment. Further experience

will determine if the long-term visual prognosis, historically
poor, will improve.

6. Method of literature search

A literature search including Medline via the PubMed plat-
form, Scopus, and Embase was performed for the keywords
Coats disease, Leber multiple miliary aneurysms, and type 1 idio-
pathic macular telangiectasia. Each outline subheading was
developed after literature review and was used as an addi-
tional keyword. The search was expanded as necessary using
the Related Articles function within PubMed. Only high
quality, peer-reviewed articles and original descriptions were
considered. Case reports were only referenced if they
appeared to provide new information about a previously
poorly characterized aspect of disease. International articles
published in different language were included, particularly
for the original descriptions present in the introduction,
and English translations were used for our review.
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