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Bilateral Coats' Disease in an Infant (A clinical, 
angiographic, light and electron microscopic study) 

P. M. McGETTRICK and K. U. LOEFFLER 

Glasgow 

Summary 
The clinical, angiographic, ultrastructural and immunohistochemical features of a 
bilateral and asymmetrical case of Coats' disease in a three year old girl are 
described. The left eye showed advanced disease and was enucleated. Pathological 
examination revealed an exudative vasculopathy with ultrastructural evidence of 
interendothelial cell separation and formation of fenestrations. An isolated vascu
lar malformation was discovered in the right eye. This was successfully treated with 
Argon laser under general anaesthesia. 

The typical clinical and histological features of 
Coats' disease are well known,I.2,3 but the 
nature of the primary vascular disorder is 
poorly understood. We present a bilateral, 
asymmetrical case of Coats' disease in a three 
year old female. The severely affected eye was 
enucleated and examined by light and elec
tronmicroscopy in an attempt to detect fea
tures which might explain early breakdown of 
the blood retinal barrier. An isolated vascular 
anomaly was found in the fellow eye by 
ophthalmoscopy, but fluorescein angiography 
revealed a wider area of vascular abnormality 
than was suspected clinically. This area was 
successfully treated by Argon laser. 

Case Report 
A three year old female referred with left leuko
coria was found to have a painful blind eye. There 
was ectropion uveae and a fixed yellow retinal 
detachment. Two tufts of telangiectatic vessels 
were visible on the temporal surface of the detach
ment. The right eye appeared normal and vision 

was 6/6. The child had been delivered at 38 weeks 
gestation because of intra-uterine growth retar
dation. Birth weight was 2. 2 kgs, and there was no 
post-natal respiratory distress. On admission to our 
unit she was healthy and had reached her develop
mental milestones. 

At examination under anaesthesia a total retinal 
detachment with surface telangiectasia was con
firmed in the left eye and a provisional diagnosis of 
Coats' disease was made. Because the eye was blind 
and painful it was enucleated. Simultaneously, 
examination of the right eye revealed a normal 
anterior segment, disc and macula. A large tor
tuous arteriovenous shunt vessel with aneurysmal 
dilatations was noted in the superior periphery. The 
adjacent capillaries were dilated and irregular in 
calibre, and some micro aneurysms were visible 
along their course (Fig. 1). The retinal vessels were 
otherwise normal and there were no retinal exu
dates or haemorrhages. Four weeks later fluor
escein angiography following the intravenous 
injection of 1 ml of 20 per cent sodium fluorescein 
was carried out under general anaesthesia. The 
angiogram outlined the full extent of the vascular 
changes, including a widespread coarse capillary 
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Fig, 1. Dilated tortuous arteriovenous communi
cation. Coarse capillary bed with some 
microaneurysms. 

meshwork in the region of the arteriovenous com
munication, with some areas of capillary fallout, 
and numerous microaneurysms, which did not 
leak. Beading of the pre-shunt retinal artery was a 
prominent feature. There was extravascular fluo
rescence from the shunt, but also from an appar
ently normal vein (Fig. 2). Immediately after 
assessment of the angiogram, and under the same 
anaesthetic, Argon-Green laser (514 nm) was 

Fig. 2. Fluorescein angiogram. A-V shunt with stain
ing of the aneurysm walls; extensive coarse capillary 
meshwork with islets of capillary non-perfusion (.). 
Arterial beading (6). Staining of vein (.). 

applied via the operating microscope (Biophysics 
Medical). Fifty burns (500 IlXO.5 wattXO. 2 secs) 
were necessary to cause visible blanching of the 
shunt vessel. One hundred burns (500 IlxO.35 watt 
xO.2 secs) were applied to the abnormal capillary 
meshwork and adjacent peripheral retina. Two 
weeks later the shunt vessel was still present but its 
proximal and distal connections had been severed. 
Six weeks after treatment the shunt vessel was 
obliterated, and the irregular dilated capillaries 
destroyed (Fig. 3). At a recent examination six 
months after treatment the appearance of the 
treated area remained unchanged, and there was 
no progression of the vasculopathy. Visual acuity 
remained at 6/6. 

Material and Methods 
The left enucleated globe was fixed in Cacodylate 
buffered glutaraldehyde (2 per cent). The lesions 
noted clinically were observed by direct examin
ation through the cornea and seen as shadows on 
transillumination. The eye was opened across one 
shadow which was due to a localised disc-like 
yellow thickening at the periphery of the detached 
retina with prominent dilated vessels. A pupil-optic 
nerve-block including this lesion was processed for 
paraffin histology and serial sections were stained 
with Haematoxylin-Eosin. Special stains (PAS, 
Iron, Von Kossa, Alizarin Red, Bodian, Loyez, 
Reticulin, MSB) were used on selected levels. 
Immunohistochemistry using antibodies against 
fibronectin, immunoglobulins (A, G, M) and mac
rophages (a-l-antichymotrypsin, a-I-antitrypsin, 
muramidase) was also performed. A second block 
across a brownish nodule projecting from the 
choroid into the subretinal exudate was serial-sec
tioned for light microsopy. Tissue for ultrastruc
tural investigation was taken from the second 
retinal lesion which was morphologically similar to 
the lesion in the paraffin block. Blocks from a sub
retinal nodule were also taken for electron micro
scopy. The osmicated tissue was embedded in 
araldite, sectioned with an LKB ultratome III, 
stained with uranyl acetate and lead citrate and 
examined with a Philips 301 transmission electron 
microscope. 

Results 
Pathological Findings 
The macroscopic and microscopic appear
ances confirmed the clinical diagnosis of 
Coats' disease. The chamber angle was closed 
by a neovascular membrane which also caused 
an ectropion of the iris, and the trabecular 
meshwork was degenerate with obliteration 
of Schlemm's canal. The vitreous showed per-
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ipheral condensation. The choroid contained 
a low-grade non-specific inflammatory cell 
infiltrate, and the optic nerve showed early 
atrophy. The localised vascular abnormalities 
of the detached retina were confirmed 
(Fig. 4): the changes comprised aneurysmal 
and telangiectatic vascular dilatations, thick
ening and hyalinisation of some vessel walls, 
thrombosis, organisation and recanalisation 
of thrombosed vessels and occasional peri
vasculitis. There was also glial cell prolifera
tion and micro cystic degeneration within the 
inner retina, deposition of fibrin within the 
outer retina and atrophy of the photoreceptor 
layer. Occasional intraretinal haemorrhages 
were seen, but neovascularisation was not 
detected. The subretinal space contained 
residual gelatinous exudate with cholesterol 
clefts and clusters of foamy melanin-con
taining cells forming the macroscopically 
visible brownish nodules of different sizes. 
Histologically, some of these cells were in 
continuity with and appeared to arise from the 
retinal pigment epithelium (Fig. 5). Immu
nohistochemistry revealed the presence of 
immunoglobulins within lumina of retinal 
vessels and their leakage into the vessel wall in 
the affected area of vascular abnormality. 
Fibronectin was demonstrated around some 
vessels and also within the exudate in the 
outer retina. 

None of the macrophage markers reacted 
with in-situ RPE. However, pigment-laden 
cells within the subretinal exudate and non
pigmented cells within the retina reacted 
strongly with a:-1-antichymotrypsin. No such 
positive reacting cells were seen in the 
choroid. 

Electron microscopy 
Ultrastructural examination of the retina con
firmed the abnormalities previously reported 
by Tripathi and Ashton. 4 The vessel walls 
were thickened by plasma transudation and 
deposition of collagenous and multilayered 
basement membrane-like material. Many 
vessel walls contained exogenous mac
rophages, and sometimes red blood cells were 
seen outside the endothelium. A deficiency of 
mural cells was prominent in several dilated 
telangiectatic vessels. Cellular debris, how
ever, as evidence of previously present myo-

Fig. 3. Post-treatment; obliteration of abnormal vas
cular complex; commencement and termination of 
shunt indicated ( .. ). 

cytes was not significant. Some vessels showed 
advanced hyalinisation, occasionally up to 
complete acellularity. The two most striking 
features were the presence of intercellular 
gaps between otherwise morphologically 
normal endothelial cells (Fig. 6) and fenestra
tions in the endothelium of a hyalinised retinal 
vessel (Fig. 7). Lipid-containing macrophages 
were identified between neural cells and fibrin 
was demonstrated in the outer retina as well as 
within the lumen of a thrombosed vessel. The 
retinal pigment epithelium at the base of a 
"nodule-formation" showed an altered mac
rophage-like morphology in many of the cells 
(Fig. 8). 

Discussion 
Coats' disease5•6 is a congenital vascular 
anomaly of retinal vessels which is generally 
detected in the first decade of life. 3 The aver
age age of presentation is 10.1 years,? and the 
disease is bilateral in less than 5 per cent of 
cases.8 The predilection for males has been 
reported as between 69 per cent and 84 per 
cent. 3.8.9 Spontaneous regression is rare, 10 and 
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Fig. 4. Light microscopic appearance of retinal vessels 
(a) telangiectasia (Reticulin x25) 
(b) aneurysmal dilatation (H and E x60) 
(c) hyalinisation (H and E x 96) 
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(d) thrombosis (T) and recanalisation (R) (H and E x24). 

in the absence of treatment the disease pro
gresses towards visual loss and frequently 
enucleation. 

Many authors2,11,12,13 suggest that the initial 
insult is to the arterial side of the vascular tree, 
and we found changes of calibre with arterial 
beading to be a prominent angiographic fea
ture in the less affected eye. The majority of 
microaneurysms appeared to be arterial in 
origin. However, there was extravascular flu
orescence from a retinal vein, which indicates 
that both arteries and veins were abnormal. 
The capillaries, although dilated, did not leak 
fluorescein suggesting an intact endothelium. 

The natural history of Coats' disease is that 
of progression to total retinal detachment. 14,15 

Cryotherapy is more effective than photo
coagulation in advanced cases with exudative 
retinal detachment.2 Xenon and Argon laser 
photocoagulation are effective in treating flat 
vascular lesions although Xenon has been 
associated with vitreoretinal traction and sub
sequent macular pucker and the poly
chromaticity of the Xenon arc beam does not 

allow selective retinal coagulation. 16 Since the 
aim of treatment is the preservation of vision 
and the prevention of complications of the 
disease itself and the treatment modalities 
used, Argon laser may be more beneficial in 
early cases with isolated vascular abnor
malities, since smaller amounts of total energy 
are necessary to affect vascular obliteration. 

It has been suggested that younger patients 
have a more aggressive form of the disease 
and require repeated treatment with photo
coagulation or cryotherapy. 7 Clinical assess
ment of the extent of vascular anomalies in 
young children can be difficult and we suggest 
that fluorescein angiography can be per
formed under general anaesthesia to outline 
the full extent of the vasculopathy, so that 
initial photocoagulation can be applied more 
effectively. This may then modify the pro
gression of the disease and reduce the need for 
further treatment. Abnormal vascular per
meability is fundamental to the pathogenesis 
of Coats' exudative vasculopathy, and in this 
case we were able to locate areas of structural 
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Fig. 5. Subretinal nodule formation, showing pro
liferation of RPE. Note similarity in cytoplasmic 
appearance between some RPE cells and the subreti
nal 'ghost cells' ( .. ) 
(a) Hand E x24 
(b) Hand E x96. 

breakdown of the blood retinal barrier, 
although unable to localise the changes prin
cipally to either the arterial or venous side 
because of the already advanced stage of the 
disease. 

Well-established features of longstanding 
vascular disease in Coats' disease4.14.18 such as 
thickening and hyalinisation of vessel walls 
and degeneration of endothelial and mural 
cells could be confirmed in this study. In addi
tion we were able to demonstrate two features 
of structural breakdown of the blood-retinal 
barrier, not previously described in the 
English literature, on retinal vessels in Coats' 
disease. Intercellular gaps between endo
thelial cells were seen, associated with lakes of 
plasma within the adjacent vessel wall. 
Fenestrations of individual endothelial cells 
represent the second important finding. 
Endothelial fenestrations in retinal vessels
normally present only in the choriocapill
aries-have been described in Coats' disease 
only by Hada,18 in retinal haemorrhage after 

venous branch occlusion by Yashimotol9 and 
in diabetic and radiation retinopathy by 
Kimura et al. 20 They are thought to represent 
abnormal vascular permeability due to raised 
intracanalicular pressure, subsequently lead
ing to thickening of the vessel wall. 20 The pres
ence of intercellular gaps is an obvious 
morphological correlate for increased per
meability and would explain the leakage of 
plasma and the subsequent attraction of 
exogenous macrophages towards this 
material. Our immunohistochemical study 
underlined the leakage of plasma constituents 
(immunoglobulins) into the vessel wall and 
confirmed the theory that the subretinal exu
date originates from blood plasma.21 How
ever, it is not possible on these grounds to 
distinguish a primary defect of endothelial cell 
function from a reactionary process following 
ischaemia or increased pressure due to a 
shunt-vessel. The deficiency of mural cells is 
another interesting feature which may repre
sent a primary defect, since so little cellular 
debris was found at their supposed location. 
This would support the hypothesis of congeni
tal localised telangiectasia. 1.12 

The origin of the 'ghost cell' in the retina 
and the subretinal exudate remains contro
versial and has been questioned and investi
gated by many authors.22.23.24 In this case, the 
morphological similarity of some in situ RPE 
cells and these ghost-cells favours a reaction
ary transformation of the RPE into mac
rophages. The final acquisition of 
macrophage characteristics appears to take 
place as soon as the RPE cell is disconnected 
from Bruch's membrane as could be demon
strated by one (ex-I-ACT) of the macrophage 
markers. It seems unlikely that so many 
melanin-containing cells in such close prox
imity to the RPE could be exogenous mac
rophages entering the tissue via the retinal 
vessels. However, it is of interest that there 
was a prominent infiltration of positively 
labelled macrophages within the retina itself. 

This study demonstrates the presence of 
structural breakdown of the blood retinal bar
rier in Coats' disease. It emphasises the pres
ence of asymmetrical bilateral disease and the 
need for careful clinical and angiographic 
assessment of all fellow eyes in suspected 
Coats' disease, so that early vascular changes 
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Fig. 6a. Plasma-leakage into vessel wall 
(a) retinal vessel (* plasma, L = lumen, B = basement membrane material, C = collagen) 
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Fig. 6b. Plasma-leakage into vessel wall 
(b) detail of (a) showing intercellular gap (.) . 
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Fig. 7. Retinal endothelial cell showing fenestrations (.) . 
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Fig. 8. Atypical cell within retinal pigment epithelium adjacent to a focus of cellular proliferation. Note difference 
in cytoplasmic density compared to neighbouring cell. (BM = Bruch's membrane, CC = choriocapillaris). 
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can be detected and promptly and effectively 
treated. 
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