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retinal detachment rather than telangiectasis  [2] . For the 
first half of the 20th century, these clinical entities were 
considered as separate conditions. It was Reese who not-
ed the overlapping between the two conditions and made 
the clarification that Leber miliary aneurysms were sim-
ply a progression of Coats’ disease  [2] . Subsequently, 
Shields et al.  [2]  defined Coats’ disease as  ‘Idiopathic reti-
nal teleangiectasia associated with intraretinal exudation 
and frequent exudative retinal detachment without signs 
of appreciable retinal or vitreal traction’ .

  In this review, our purpose is to make an update of the 
literature about Coats’ disease, emphasizing on diagnosis 
and treatment. Eligible papers were identified using a 
comprehensive literature search of PubMed, using the 
term ‘Coats’ disease’. Additional papers were also selected 
from reference lists of papers identified by the electronic 
database search.

  Pathogenesis and Classification 

 Coats’ disease is a mostly unilateral, progressive con-
dition affecting mainly males during childhood, with the 
average age of diagnosis being between 8 and 16 years, 
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 Abstract 

 Coats’ disease is an idiopathic, ophthalmic condition charac-

terized by retinal telangiectasis, intraretinal and subretinal 

exudation, which can lead to retinal detachment. It is mostly 

unilateral, progressive and affects mainly males during child-

hood, although adult cases have also been described. In this 

review, we make an update of the literature about Coats’ dis-

ease, emphasizing on diagnosis and treatment, including 

the most recent treatment modalities, i.e. anti-vascular en-

dothelial growth factor agents. 
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 Introduction 

 Coats’ disease is an idiopathic, ophthalmic condition 
caused by a defect in the development of retinal vascula-
ture, characterized by retinal telangiectasis, haemor-
rhage, intraretinal and subretinal exudation  [1–3] . It was 
first described in 1908 by George Coats, a Scottish medi-
cal student, as a unilateral condition with retinal exuda-
tion and telangiectasis in male children. Four years later, 
Leber defined a similar condition albeit more severe, in 
which there were multiple retinal aneurysms, as well as 
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although several cases have also been reported in adults 
 [4–11] . It is often described as ‘light bulb telangiectasia’ 
due to the large amounts of yellow exudates accompany-
ing the condition  [5] .

  There are two pathological processes which are evi-
dent in Coats’ disease. The first consists of a breakdown 
of the blood-retinal barrier at the endothelial level, which 
causes plasma leakage into the vessel wall and thickening 
of parts of the vessel wall, becoming necrotic and disor-
ganized and producing what Egbert et al.  [12]  have de-
scribed as a ‘sausage-like’ shape of the vessel. The second 
concerns the presence of abnormal pericytes and endo-
thelial cells in retinal blood vessels, which subsequently 
degenerate, causing abnormal retinal vasculature and 
formation of aneurysms, as well as closure of vessels, 
leading to ischaemia  [13] . Noticeably, Jones et al.  [1]  de-
scribe the process as being similar to that of diabetic ret-
inopathy. The loss of endothelial cells and pericytes from 
the capillaries and the dilated telangiectasic arterioles 
causes leakage of a lipid-rich exudate into the retina, 
which can lead to changes in the retina, including thick-
ening, cyst formation or retinal detachment  [13, 14] .

  There are several studies assuming that the condition 
is idiopathic without a familial link  [1, 2, 15]  whereas oth-
ers suggest that there may be a genetic cause  [16–18] . Spe-
cifically, it is hypothesized that Coats’ disease could be a 
consequence of a mutation in the NDP gene, which re-
sults in a deficiency of norrin, a protein thought to be 

important for normal retinal vasculogenesis  [16–18] . Of 
note, Black et al.  [17]  reported a case of a mother with 
unilateral Coats’ disease, who gave birth to a son with 
Norrie disease, in which both had mutations in the NDP 
gene. Additionally, Coats’ retinopathy has been associ-
ated with a variety of exudative retinopathies, as well as 
several conditions, including familial renal-retinal dys-
trophy (Senior-Loken syndrome), Turner’s syndrome and 
autosomal dominant fascioscapulohumeral muscular 
dystrophy (Hallermann-Streiff syndrome)  [1, 2, 19–21] .

  Shields et al.  [22]  proposed the most recent classifica-
tion system, depicted in  table 1 . Patients can present with 
a range of signs, with the most common being decreased 
visual acuity, strabismus and leukocoria  [2, 3] . Other 
signs that can be present in patients with Coats’ disease 
are pain, heterochromia of the iris and nystagmus  [22] . 
Importantly, although the extent of symptoms is variable, 
Coats’ disease is mainly a progressive condition, which 
can be asymptomatic in early stages and diagnosed dur-
ing routine ophthalmologic examination  [22] .

  Diagnosis 

 On examination, ophthalmoscopy can demonstrate a 
variety of findings, depending on the stage of the disease. 
Retinal telangiectasia and aneurysmal dilation of the ret-
inal vasculature may be accompanied by sheathing of the 
vasculature  [22] . The majority of these vessels have been 
noted to be at the temporal and inferior quadrants and 
the majority of aneurysms are fusiform rather than sac-
cular  [22] . At the initial stages, there may only be vascular 
abnormalities, but as the disease progresses, exudation of 
fluid produces subretinal deposits, which can be seen on 
fundoscopy as ‘light bulb’ ( fig. 1 )  [2] . Advanced macular 
disease can be associated with macular fibrosis and for-
mation of subfoveal nodules as well as macular holes  [23] . 
The vitreous commonly remains clear, until areas of vit-

  Fig. 1.  Colour fundus photo of a 2-year-old male patient present-
ing with Coats’ disease at the age of 13 months. In the figure, 
exudates and telangiectasis are present as well as dilation of reti-
nal vessels, confirming Coats’ disease (‘light-bulb’).   

Table 1.  Classification of Coats’ disease [22]

Stage Findings

1 Retinal telangiectasia only
2 Telangiectasia and exudation
3a Exudative subtotal retinal detachment
3b Exudative total retinal detachment
4 Total retinal detachment and glaucoma
5 Advanced end-stage disease
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reous condensation cause retinal detachment and vitre-
ous haemorrhage  [23] . Clinically, the vision may remain 
unaffected, whilst the vascular abnormalities are in the 
periphery, but can be affected as the exudates move to-
wards the macula. This can also cause macular oedema 
or retinal detachment, either at the area of telangiectasia 
or total retinal detachment  [24] .

  The variability of symptoms in Coats’ disease means 
that the clinical presentation can be similar to several oth-
er ophthalmic conditions. In the differential diagnosis, 
the most important lesion to be ruled out is reti noblastoma. 
It is considered to be the most common primary intra-
ocular malignancy in children, and as it could be fatal 
when left untreated, significant attention should be paid 
to its diagnosis  [23, 25, 26] . On the other hand, Coats’ dis-
ease misdiagnosed as retinoblastoma has also been re-
ported to be the most common cause of wrongful enucle-
ation  [2] . Furthermore, of considerable importance is the 
exclusion of retinopathy of prematurity, which can be 
treated and not affect the vision  [23, 27] . Additionally, we 
should take into account familial exudative vitreoretinop-
athy, haemangioblastoma von Hippel, pars planitis, in-
continentia pigmenti, which are more often bilateral, as 
well as ocular toxocariasis and persistent fetal vascula-
ture, which tend to be unilateral  [23] .

  There are various diagnostic modalities to confirm the 
clinical suspicion of Coats’ disease, as well as to disregard 
the variety of differentials. Although it is possible to reach 
a diagnosis from clinical examination alone, in the ma-
jority of cases, some form of ancillary testing is needed, 
including fluorescein angiography, ultrasound, comput-
erized tomography (CT) and magnetic resonance imag-
ing (MRI)  [28] .

  Fluorescein angiography plays a pivotal role in both 
diagnosis and assessment of disease progression, allow-
ing clear visualization of the vascular changes which may 
be taking place. Telangiectasias cause early hyperfluores-
cence and exudation causes hypofluorescence. Moreover, 
in larger blood vessels, the aneurysms will be clearly vis-
ible, characteristically described as ‘light bulb’ dilations 
 [1, 2] .

  Ultrasonography can also be a useful diagnostic tool, 
as demonstrated by Atta and Watson  [29] , who showed 
that findings on ultrasound can correlate with histology. 
The typical features of Coats’ disease on ultrasound were 
subretinal opacities due to cholesterolosis present from 
the exudates, as well as retinal detachment which is able 
to be visualized as a linear echo  [1, 29] . It can also be used 
to disregard retinoblastoma, as it allows visualization of 
the intra-ocular space  [2] .

  CT can be similarly useful to rule out retinoblastoma. 
Patients with retinoblastoma can present with solid tu-
mours and calcifications, visualized with CT, whereas in 
Coats’ disease the scan would be clear of these lesions  [30, 
31] . However, it should be noted that CT may not be use-
ful in distinguishing cases of retinoblastoma without cal-
cification, which Potter et al.  [31]  showed to be true in up 
to 46% of retinoblastomas. Furthermore, Eisenberg et al. 
 [30]  and Senft et al.  [32]  presented cases of Coats’ disease, 
where there has been intraocular bone formation along-
side the vascular and exudative retinopathy, showing a 
calcification in both CT and ultrasound. Moreover, in ad-
vanced Coats’ disease, Edward et al.  [28]  reported that in 
up to 20% of cases, a submacular nodule may be formed 
and calcified. In advanced cases, CT can also show the 
lipid exudate as a hyperdense area within the orbit, as
well as a present retinal detachment  [28, 33] .

  MRI is extremely useful in the diagnosis of advanced 
Coats’ disease, but may have lesser utility during the ini-
tial stages; MRI is superior to CT, in ruling out retino-
blastoma as the difference between subretinal exudation 
and a solid mass is clearer on MRI  [34] . Specifically, the 
exudate in Coats’ disease is hyperintense on both T 1 -
weighted and T 2 -weighted MRI images, whereas in reti-
noblastoma, T 1 -weighted image will show a hyperintense 
mass, but T 2 -weighted image shows a hypointense mass 
 [30, 32] . Eisenberg et al.  [30]  also utilized magnetic res-
nonance spectroscopy, which can provide biochemical 
information non-invasively from various body tissues. 
Moreover, the use of gadolinium contrast may also aid in 
the differential diagnosis of retinoblastoma as it enhanc-
es the solid tumours not seen in Coats’ disease  [1] .

  In the majority of cases, invasive diagnostic modali-
ties, such as fine-needle aspiration (FNA), are not recom-
mended; however, FNA can be used to confirm the diag-
nosis when non-invasive modalities are not diagnostic. 
Interestingly enough, Shields et al.  [26]  point out that 
FNA is contra-indicated if there is a total retinal detach-
ment or if there is a strong clinical suspicion of retino-
blastoma.

  Treatment 

 There are several treatment modalities for Coats’ dis-
ease, depending on its stage; they are briefly summarized 
in  table 2 . The overall aim of treatment in mild disease is 
ablation of the abnormal retinal vasculature, preserva-
tion of vision and prevention of disease progressing to 
retinal detachment. For years, the main treatment op-
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tions have been laser photocoagulation and cryotherapy, 
especially for mild or moderate stages of the disease  [10, 
35–53] . In more advanced disease, where there are exten-
sive telangiectasias, retinal detachment and widespread 
exudation, laser photocoagulation and cryotherapy can 
still be used, although vitreoretinal surgery may be more 
effective and in severe cases enucleation may be neces-
sary or simply observation depending upon the pain  [22, 
52–57] .

  Evaluation of treatment modalities in Coat’s disease 
remains problematic due to the low incidence of Coat’s 
disease and the great variation in severity upon presenta-
tion. Most published work consists of case reports or very 
small case series . Recently, a population-based study of 
Coat’s disease was conducted by the British Ophthalmic 
Surveillance Unit. The study involved ophthalmologists 
completing a baseline questionnaire on how they man-
aged cases of Coat’s disease and a follow-up questionnaire 
6 months thereafter. In 92% of cases, laser photocoagula-
tion was used as primary treatment and cryotherapy as 
second line. However, the study concluded that despite 
the main aim to avoid enucleation, treatment via laser 
photocoagulation remained doubtful  [36] .

  Laser photocoagulation is utilized to cauterize retinal 
vasculature and can be used in mild disease with limited 
exudation, corresponding to stages 1, 2 and 3a according 
to Shields’ classification  [10, 22, 35–49] . Argon lasers are 
most commonly used and often up to five sessions may 
be required for adequate regression  [22] . In a review of 17 
patients, the majority with stage 2 or 3, treated aggres-
sively with laser photocoagulation, Schefler et al.  [46]  
showed excellent or moderate visual acuity in 53% of 
their patients, in comparison to Shields et al.  [22] , who 
used a variety of treatment modalities and produced bet-
ter than poor results in 46% (stage 2) and 25% (stage 3). 
Although it is generally accepted that laser is only effec-
tive when the retina is attached, Schefler et al.  [46]  also 

showed that in 6 patients with advanced disease and sub-
total retinal detachment, they were able to preserve some 
vision in 2. Until now, laser photocoagulation is thought 
to be the best option for early stages of Coats’ disease  [36] . 
If thick exudation is present, laser treatment may not be 
particularly useful, as it may not be able to reach the ves-
sels, and cryotherapy is preferred  [23] .

  Cryotherapy is used in Coat’s disease especially in pa-
tients presenting with exudative disease and retinal de-
tachment, which corresponds to stages 1–3b of Shields’ 
classification. When laser photocoagulation is not pos-
sible, even being the treatment of choice for mild Coat’s 
disease, cryotherapy is utilized and believed to be more 
effective than laser in more advanced cases. Interestingly 
enough, it is used as primary treatment in up to 42% of 
patients  [22, 50–53] . Like laser photocoagulation, it may 
require multiple sessions, although if excessive it may 
conversely lead to an increase in subretinal exudation and 
an increase in retinal detachment  [22] . Therefore, it is ad-
visable to use it for only up to two quadrants at a time, 
with a month gap between treatments  [22] . It is also worth 
mentioning that Budning et al.  [35]  did not demonstrate 
a benefit in outcome by combining laser photocoagula-
tion and cryotherapy.

  Laser photocoagulation and cryotherapy are not rec-
ommended in cases of total retinal detachment. In severe 
forms of Coats’ disease, there is a variety of treatment op-
tions, with vitreo-retinal surgery playing a great role in 
late-stage Coats’ disease  [52–57] . Enucleation may be also 
necessary in some cases of Coats’ disease and is carried 
out in approximately 16% of patients with confirmed 
Coat’s disease, complicated with neovascular glaucoma, 
pain, nausea and vomiting  [22] .

  Recently, intravitreal triamcinolone has been found to 
be effective in the treatment of Coats’ disease as an adju-
vant therapy  [6–8, 51, 58, 59] . Specifically, Othman et al. 
 [58]  demonstrated an improvement in visual acuity, as 

Table 2.  Treatment modalities according to stage of the disease

Stage Treatment 

Mild disease (1, 2) Laser photocoagulation/cryotherapy
Mild disease (1, 2) without progression Observation – no treatment
Advanced disease (3, 4) Vitreoretinal surgery
Advanced end-stage disease (5) with painful eye Enucleation
Advanced end-stage disease (5) with comfortable eye Observation – no treatment
Adjuvant therapy Intravitreal triamcinolone
Adjuvant therapy Anti-VEGF agents
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Table 3.  Anti-VEGF in the treatment of Coats’ disease

Author Study type Participants Stage of
disease

Treatment Outcomes

Sun (2007) [60] case report 1 (2 years old) 4 pegaptanib sodium resolution of exudates and retinal detachment (80%)

Cakir (2008) [59] case report 1 (14 years old) 3 bevacizumab 1.25 mg
triamcinolone acetonide 2 mg

improvement in VA (from 20/400 to 20/125)
resolution of subfoveal serous detachment and 
exudative detachment
no recurrence at 6-month follow-up

Venkatesh
(2008) [61]

case series 2 (14 and
16 years old)

2 bevacizumab 1.25 mg
laser photocoagulation 6 weeks later

stabilization or improvement in VA
decrease of macular oedema and exudates
no recurrence at 12-month follow-up

Alvarez-Rivera
(2008) [62]

case report 1 (10 years old) 2 bevacizumab 2.5 mg slight improvement in VA
decrease of subretinal fluid and exudates

Jun (2008) [7] case report 1 (47 years old) 2 bevacizumab 1.25 mg
triamcinolone 4 mg
laser photocoagulation

improvement in VA (from 0.02 to 0.04)
reduced leakage
increase of macular oedema

Entezari (2009)
[63]

case report 1 (13 years old) 2 bevacizumab 1.25 mg ! 3 significant improvement in VA (from counting 
fingers to 20/20)
regression of abnormal vessels
no recurrence at 12-month follow-up

Stergiou (2009)
[47]

case report 1 (17 years old) 2 bevacizumab 1.25 mg
triamcinolone 2 mg
laser photocoagulation

improvement in VA (from 20/1,000 to 20/60)
decrease of exudates
no recurrence at the end of follow-up

Kaul (2010) [64] case series 3 (16, 7 and
2 years old)

2-3 pegaptanib 0.3 mg (1 case stage 2)
bevazicumab 1.25 mg 
laser photocoagulation
(2 cases stage 3)

stabilization/improvement in VA
decrease of macular oedema and of teleangiectatic 
vessels
reattachment of retina
no recurrence at 6-month follow-up

Cackett (2010)
[48]

case report 1 (15 years old) 2 bevacizumab 1.25 mg 
laser photocoagulation

improvement in VA (from 6/60 to 6/45)
reduction of subretinal fluid and exudation

Diago (2010) [65] case report 1 (18 years old) 2 ranibizumab ! 3
laser photocoagulation

improvement in VA (from counting fingers to 20/60)
decrease of macular oedema
no recurrence at 12-month follow-up

Lin (2010) [66] case series 3 (10 years old,
6 months and
12 years old)

2b–3b bevacizumab 2.5 mg
laser photocoagulation

improvement in VA
resolution of exudation
no recurrence at 12-month follow-up

He (2010) [67] case report 1 (7 years old) 2b bevacizumab 1.25 mg improvement in VA (from 20/400 to 20/100)
decrease of macular oedema

Böhm (2011) [8] case report 1 (26 years old) 2 bevacizumab 1.25 mg ! 3
triamcinolone 2 mg

significant improvement in VA (from 0.3 to 1.2)
significant decrease in central retinal thickness
no recurrence at 87-week follow-up

Goel (2011) [9] case series 3 (45, 40 and
42 years old)

2 bevacizumab 1.25 mg
laser photocoagulation
3 weeks later

improvement in VA
reduction of exudation and macular oedema
no recurrence at 9-month follow-up

Kim (2011) [10] case repot 1 (68 years old) 2 bevacizumab 1.25 mg
PDT

stabilization in VA
regression of abnormal vessels
no recurrence at 9-month follow-up

Wang (2011) [11] case series 3 (adults) 2 bevacizumab 2.5 mg
laser photocoagulation

improvement in VA
decrease of macular oedema and of vascular dilation

Zhao (2011) [68] case report 1 (3 years old) 3b bevacizumab 1.25 mg ! 3 improvement in VA (from NPL to 20/125)
decrease of subretinal exudates and of dilated vessels
resolution of retinal detachment

Ramasubramanian
(2011) [69]

case series 8 (mean age:
88 months)

2–3b bevacizumab 1.25 mg (8 cases)
cryotherapy (8 cases)
laser photocoagulation (4 cases)
triamcinolone (1 case)

reduction of exudates/fluid
development of vitreoretinal fibrosis (4 cases)
retinal detachment (4 cases)

VA = Visual acuity; NPL = no perception of light.
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well as absorption of subretinal fluid and macular exu-
dates in 15 consecutive patients having been treated with 
intravitreal triamcinolone in combination with other 
treatment modalities, such as laser photocoagulation 
and/or cryotherapy. This is in line with other reports, also 
suggesting an improvement in visual acuity, a decrease in 
central retinal thickness, resolution of exudates and no 
recurrence at an average 6-month follow-up, in patients 
treated with intravitreal triamcinolone as additional 
therapy  [6, 8, 51, 59] . Nevertheless, a very common com-
plication is a possible development of cataract and it
could restrict its use  [69] .

  The most recent development in the treatment of 
Coat’s disease has been the use of anti-vascular endothe-
lial growth factor (anti-VEGF) agents. The results of in-
travitreal injections of anti-VEGF agents have been re-
ported in few case reports and small case series and have 
been variable, as is depicted in  table 3   [7–11, 47, 48, 59–
69] . Kaul et al.  [64]  recommend it as a future adjunctive 
treatment alongside traditional therapies, in accordance 
with the majority of other authors, as it seems to reduce 
macular oedema and exudates, improve or even stabilize 
visual acuity and enhance the regression of dilated ab-
normal vessels  [7–11, 47, 48, 59–63, 65–69] . On the con-
trary, Ramasubramanian et al.  [69]  suggested that beva-
cizumab should be used with caution, as vitreoretinal fi-
brosis and, potentially, traction retinal detachment were 

found in patients treated with bevacizumab in addition 
to standard therapy, but not in patients receiving only 
standard measures. It is also very important to mention 
that anti-VEGF agents can be used only if the diagnosis 
of Coats’ disease is confirmed and retinoblastoma ex-
cluded as it is known that intraocular injections can cause 
seeding of extraocular tissue in some cases of retinoblas-
toma  [70] .

  In conclusion, Coats’ disease is an idiopathic, progres-
sive ocular entity, with retinal telangiectasis and exu-
dates, which can cause retinal detachment. Its diagnosis 
can be challenging and retinoblastoma is the most im-
portant lesion that should be ruled out in the differential 
diagnosis. There are several treatment modalities, espe-
cially laser photocoagulation and cryotherapy for mild to 
moderate stages of the disease as well as vitrectomy for 
advanced stages. Today, anti-VEGF agents are used as ad-
juvant therapy to other treatment options, but clinical tri-
als or case series with a large number of patients are lim-
ited due to the low incidence of the disease.
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