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Abstract

Leukocoria is a condition in which 

the normal red reflex of the retina  

is replaced by a yellowish or grayish 

white color. Retinoblastoma is the 

most common cause of leuko-coria in 

the pediatric age, followed by persis-

tent fetal vasculature and Coats’  

disease. Clinical and imaging signs 

and differential diagnosis features of 

these pathologies are evaluated.

Introduction

Leukocoria or cat’s eye is a white, 

pink-white, or yellow-white reflex 

resulting from any white or light- 

colored intraocular retrolental abnor-

mality (mass, membrane, retinal 

detachment, or retinal storage  

disease), that reflects incident light  

back through the pupil towards the 

observer (Fig. 1). Leukocoria is the 

most common presenting sign of  

retinoblastoma (RB), the highly 

1 MR scanning has not been established as safe  

 for imaging fetuses and infants under two  

 years of age. The responsible physician must  

 evaluate the benefit of the MRI examination  

 in comparison to other imaging procedures.

malignant primary retinal cancer 

which is the most common intraocu-

lar tumor of childhood. Intraocular 

lesions presenting with leukocoria 

are usually diagnosed at ophthalmos-

copy, however the detection and  

clinical differentiation between RB 

and other benign simulating lesions  

(so-called ‘pseudoretinoblastoma’) 

may be difficult [1-6]. Imaging  

therefore may play a pivotal role  

in the differential diagnosis. 

In addition to RB, which is the most 

frequent cause of leukocoria in  

children, the second and third most 

common ones are persistent fetal 

vasculature (PFV) and Coats’ disease 

(CD), respectively. 

Methods

The routine imaging protocol of  

children1 with leukocoria in our  

institution takes about one hour. Our 

patients with leukocoria are studied 

in a 1.5T system (MAGNETOM 

Avanto, Siemens Healthcare, Erlan-

gen, Germany) with a head coil and  

a surface coil for each eye (diameter 

4 cm); our protocol includes pre- 

contrast T1, T2-weighted (transaxial) 

thin-slice (≤ 2 mm) imaging.

The measured voxel of the T1w 

sequences acquired with the orbit coils 

are 0.43 x 0.3 x 2 mm (TR 312 ms,  

TE 15 ms, FOV 75, base/phase resolu-

tion 256/80). Turbo spin echo (TSE)  

3D T2-weighted images (TR 750 ms, 

TE 112 ms, FOV 170, base/phase  

resolution 256/100, slice thickness  

0.7 mm) and have 0.7 x 0.7 x 0.7  

isotropic voxels. Gradient-echo (GRE) 

3D T2-weighted steady-state free  

precession sequences (TR 47 ms,  

TE 20 ms, FOV 180, base/phase resolu-

tion 384/93, slice thickness 1 mm) 

have voxels of 0.6 x 0.5 x 1 mm. 

Recently, GRE 3D T2-weighted imaging 

has been replaced by susceptibility-

weighted imaging with the same slice 

thickness and with voxels of 0.7 x  

0.5 x 1 mm (TR 46, TE 38, FOV 100, 

base/phase resolution 192/75). The 

study of the orbits also includes diffu-

sion-weighted sequences (DWI)  

(TR 3200, TE 100, FOV 100, base/

phase resolution 192/100, voxel size 

1.2 x 1.2 x 2.6 mm), and post-contrast 

T1-weighted (sagittal oblique and 

transaxial, gadoteric acid (Dotarem, 

Guerbet, France)) without fat-satura-

tion. 1 mm-thick fat-suppressed post-

contrast T1-weighted Volumetric Inter-

polated Breathhold Examination (VIBE) 

images (TR 9.14, TE 4.39, FOV 75 mm, 

2 averages, base/phase resolution 

256/75, voxel size 0.4 x 0.3 x 1 mm) 

are also used to obtain volumetric 

imaging and to better evaluate orbital 

spread of the tumor. Dynamic Contrast 

Enhanced (DCE) images are also per-

formed to evaluate contrast enhance-

ment degree in early, medium and  

late phases. Imaging of the head 

includes pre-contrast sagittal T1  

and T2-weighted, transaxial PD and 

T2-weighted (slice thickness ≤ 4 mm) 

and post-contrast 3D magnetization 

prepared rapid gradient echo 

(MPRAGE) sequences (TR 2070 ms,  
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TE 3.52 ms, ST 1 mm, FOV 109 mm, 

base/phase resolution 384/75) of  

the whole brain, performed using  

the standard head coil.

All children are deeply sedated for  

the examinations to reduce motion 

artifacts.

Retinoblastoma

RB is a highly malignant primary reti-

nal tumor arising from neuroectoder-

mal cells (nuclear layer of the retina). 

Though rare, it is the most common 

intraocular tumor of childhood. The 

incidence of RB varies from 1 : 17,000 

to 1 : 24,000 live births [7]. Most 

patients present before four years of 

age (mean age 24 months for unilat-

eral and 12 months for bilateral cases) 

[8], but 30 to 40% of patients will have 

a germline mutation in the RB1 gene 

and present at an earlier age with  

multifocal, bilateral disease [9]. 

Patients with the genetic form of RB 

are at an increased risk for developing 

primary intracranial neuroectodermal 

tumors in the pineal or suprasellar 

region usually with a dismal prognosis, 

a condition termed ‘trilateral retino-

blastoma’ [10-13].

RB was classified into five groups by 

Reese and Ellsworth [14] to provide  

a prognosis for local cure and vision  

of eyes treated with external beam 

radiotherapy (EBT). More recently,  

an international classification for intra-

ocular RB (ABC) has been created  

for the purpose of clinical trials using  

chemotherapy [15] (Tables 1, 2).

The growth pattern of RB may be 

endophytic, from the retina into the 

vitreous, exophytic into the subretinal 

space and mixed, whereas the diffuse 

pattern with flat infiltration along the 

retina (so-called diffuse infiltrative reti-

noblastoma or DIRB) is uncommon [16]. 

It is not uncommon to observe an  

RB growing in an eye that is smaller 

than normal, but its occurrence in 

micro-ophthalmic eyes is extremely 

rare, with the exception of cases with 

a phthisis bulbi. 

Diagnosis of RB is usually made by 

ophthalmoscopy (under general  

anesthesia). The more usual opthtal-

moscopic appearance of RB is one or 

more pink-whitish tumor/s projecting 

Table 1:  
Reese-Ellsworth Classification

Group 1 (very favorable for saving [or preserving] the eye)

1A: one tumor, smaller than 4 disc diameters (DD), at or behind the equator 

1B: multiple tumors smaller than 4 DD, all at or behind the equator 

Group 2 (favorable for saving [or preserving] the eye)

2A: one tumor, 4 to 10 DD, at or behind the equator 

2B: multiple tumors, with at least one 4 to 10 DD, and all at or behind the equator

 Group 3 (doubtful for saving [or preserving] the eye)

3A: any tumor in front of the equator

3B: one tumor, larger than 10 DD, behind the equator

Group 4 (unfavorable for saving [or preserving] the eye)

4A: multiple tumors, some larger than 10 DD

4B: any tumor extending anteriorly (toward the front of the eye) to the ora serrata  

(front edge of the retina)

Group 5 (very unfavorable for saving [or preserving] the eye)

5A: tumors involving more than half of the retina

5B: vitreous seeding (spread of tumors into the gelatinous material that fills the eye)

Table 2:  
International Classification of Retinoblastoma

Group Subgroup Quick reference Specific features

A A Small tumor Retinoblastoma < 3 mm in size

B B Larger tumor Retinoblastoma > 3 mm in size

Macula Macular retinoblastoma location  

(< 3 mm to foveola)

Juxtapapillary Juxtapapillary retinoblastoma location  

(< 1.5 mm to disc)

Subretinal fluid Clear subretinal fluid > 3 mm from margin

C Focal seeds Retinoblastoma with 

C1 Subretinal seeds < 3 mm from retinoblastoma

C2 Vitreous seeds < 3 mm from retinoblastoma

C3 Both subretinal and vitreous seeds > 3 mm 

from retinoblastoma

D Diffuse seeds Retinoblastoma with

D1 Subretinal seeds > 3 mm from retinoblastoma

D2 Vitreous seeds > 3 mm from retinoblastoma

D3 Both subretinal and vitreous seeds > 3 mm 

from retinoblastoma

E E Extensive 

retinoblastoma

Extensive retinoblastoma occupying > 50% 

globe or Neovascular glaucoma

Opaque media from hemorrhage in anterior 

chamber, vitreous or subretinal space

Invasion of postlaminar optic nerve, choroid 

(2 mm), sclera, orbit, anterior chamber
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into the vitreous (Fig. 2); calcifications 

and hypertrophic feeder vessels are 

more frequently encountered in 

medium-large size masses (Figs. 3, 4).

Intratumoral calcification and/or 

tumor seeding give additional sup-

port to an ophthalmoscopic diagnosis 

of RB. Tumoral mass development 

may result in retinal detachment  

(Fig. 5), choroidal and/or optic nerve 

infiltration, ciliary body invasion and 

anterior segment extension.

Solitary or multiple intraocular 

masses, often with calcification, 

whether or not associated with reti-

nal detachment and vitreous seeding 

are readily visible by ultrasound (US). 

Particularly, at A-scan US the tumor 

shows high internal reflectivity and 

rapid attenuation of the normal 

orbital pattern, whilst B-scan US 

shows a round or irregular mass  

with high reflective echoes and  

a variable degree of calcification  

(i.e. shadowing) (Fig. 6). Ultrasound 

biomicroscopy (UBM) allows in vivo 

analysis of the anterior segment of 

the eye at microscopic resolution, 

providing a sensitive and reproduc-

ible visualization of the anterior  

retina, ciliary region, and anterior 

segment allowing a better staging  

of the advanced disease process, 

anterior to the ora serrata [17].

Both ophthalmoscopy and US may be 

limited by the presence of complex 

intraocular interfaces when vitreous 

opacities, subretinal fluid, and retinal 

detachment are present, have very 

limited ability to evaluate tumor 

extension into the optic nerve and 

may not detect the ocular wall and 

the extraocular space compared to 

MR imaging [18-22].

With 3D US, extrascleral extension and 

optic nerve invasion can be scrutinized 

with unique previously unavailable 

oblique and coronal sections, but 

shadowing can consistently reduce  

the reliability of this technique [23].

Ocular coherence tomography (OCT)  

is a valuable tool for assessment of 

cross-sectional retinal anatomy, with 

axial resolution to approximately  

10 mm. Deeper tissues such as the 

choroid and sclera are imaged. OCT 

scans have also been used favorably 

during the management of RB [24-26]. 

On OCT, RB shows an optically dense 

appearance. Intralesional calcification 

can cause higher internal reflectivity 

(backscattering) and denser shadow-

ing. There is abrupt transition of the 

normal retinal architecture to the  

retinal mass. OCT is also a useful test 

in monitoring reasons for visual loss 

following treatment of RB [24].  

However, with the current clinical  

OCT platforms, it is very difficult to 

successfully image small children with 

RB without sedation. 

Guidelines from European Retinoblas-

toma Imaging Collaboration (ERIC) to 

standardize MRI of the eye have been 

recently published [27].

MRI demonstrates lesions that are 

slightly hyperintense to vitreous on 

T1-weighted sequences and hypoin-

tense to vitreous on T2-weighted 

sequences (Figs. 7-8), a feature that 

can be used to differentiate RB from 

PFV and CD that usually produce 

hyperintense abnormalities in both  

T1 and T2w images. Calcification is the 

most important differentiating feature 

of RB. The vast majority of RB appear 

nodular with calcifications. Only a few 

pathologic conditions other than RB 

show calcium deposits in extremely 

young children. These include 

microphthalmos with and without  

colobomatous cysts, choristoma, and 

cytomegalovirus (CMV) endophthalmi-

tis [28-29]. In children older than 

three years of age, several additional 

lesions, such as astrocytoma of the ret-

ina, retinopathy of prematurity (ROP), 

toxocariasis, medulloepithelioma, and 

optic nerve drusen, may have calcifica-

tions, thus mimicking the appearance 

of RB. The common CT appearance  

of RB is that of a mild to moderate 

hyperdense lesion, very frequently 

Whitish intraocular mass at 

ophthalmoscopy.
2

Superficial calcifications 

(arrows).
3

Feeder vessels in a large 

retinoblastoma.
4

Bullous total retinal 

detachment.
5 Large hyperechogenic mass 

with shadowing.
6
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with calcifications and moderate to 

marked enhancement after contrast 

administration (Fig. 9). Our protocol 

does not include CT for assessment of 

intraocular tumors to avoid exposure 

of patients to ionizing radiation.  

A high-resolution gradient-echo 

T2-weighted sequence showed prom-

ising results regarding detection of  

calcifications [30] (Fig. 10). Galluzzi  

et al. [30] showed that when data 

from ophthalmoscopy, US and MRI are 

put together, no calcifications detected 

on CT were missed. More recently,  

signal-intensity voids indicating calcifi-

cation on gradient-echo T2-weighted 

sequences were compared with  

ex vivo high-resolution CT: all calci-

fications visible on high-resolution CT 

could be matched with signal-intensity 

voids on MRI [31] (Fig. 11). Sensitivity 

of susceptibility-weighted imaging for 

detecting intratumoral calcifications is 

under evaluation (Fig. 12). 

The tumor variably enhances with 

intravenous gadolinium contrast  

material (Fig. 13).

Diffuse infiltrating RB (DIRB) is a rare 

form of RB, generally presenting at a 

more advanced age than the typical 

unilateral form, and occurs more  

frequently in boys. It is consistently 

reported as being unilateral and  

sporadic [32-34]. Pseudo-inflamma-

tion is a common presenting sign  

(24% versus only 6% in the classic 

The mass is slightly hyperintense 

on T1-weighted image.
7

Intratumoral signal voids on 

gradient-echo 3D T2*-weighted 

image, consistent with 

calcifications.

10

Contrast-enhanced CT scan 

showing enhancement of a 

partially calcified right eye mass.

9

7

The mass is hypointense on 

T2-weighted image.
8

Correspondence between signal 

voids at MR (left side) and hyper-

densities at ex vivo CT scan.

11

Susceptibility-weighted image 

(SWI) ameliorates the documen-

tation of signal voids consistent 

with calcifications.

12

T1-weighted image after 

contrast administration 

showing moderate 

enhancement of the mass.

13

8

9

10
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T2-weighted image of a diffuse 

infiltrating retinoblastoma (DIRB).
14

Histologically confirmed 

prelaminar optic nerve infil-

tration with interruption of 

choroido-retinal enhancement 

line at optic disc level.

15

T1-weighted contrast-

enhanced image showing 

retrolaminar optic nerve 

infiltration.

16

T1-weighted contrast-

enhanced image showing 

abnormal anterior segment 

enhancement of the left eye.

17

14

15

16

17

form), whereas leukocoria is rela-

tively rare (24% versus 63% in the 

classic form), such as calcifications 

(14.3% of cases at histology) [33]. 

On clinical examination, pseudo-

hypopyon is a suggestive sign, 

observed in 59% of cases [32]. On 

MR images it appears as an exophytic 

mass with relatively high signal 

intensity on T1-weighted sequences, 

low signal intensity on T2-weighted 

sequences, and moderate contrast 

enhancement. The detached retinal 

leaflets appeared to be diffusely 

thickened, irregular, and locally  

nodular, with possible contrast 

enhancement [32-34] (Fig. 14). 

RB behaves aggressively, employing 

several modes of dissemination,  

but patients have a very high life 

expectancy, if the tumor is diagnosed 

early; the options for eye-preserving 

therapy have significantly improved 

over recent years [35-38].

As a consequence, more children  

are treated without histopathological 

confirmation and, what is more 

important, without assessment of 

risk factors for disease dissemination 

and prognosis.

Invasion of the optic nerve in RB is 

quite common. From there, neoplas-

tic cells may then breach the pia  

to reach the subarachnoid space  

or spread into the intracranial optic 

pathways. Interruption of the normal 

linear enhancement at the optic 

nerve disk (choroidoretinal complex) 

supports a suggestion of prelaminar 

optic nerve invasion [39-41] (Fig. 15). 

Postlaminar nerve invasion is the 

presence of abnormal contrast- 

enhancement (enhancement ≥ 2 mm 

in diameter) in the distal nerve [42] 

(Fig. 16); when evaluating optic 

nerve enhancement we must pay 

attention to the presence of elevated 

intraocular pressure (IOP), that could 

lead to a false bulging of the tumor 

in the optic nerve head. The accuracy 

of MRI in detecting optic nerve inva-

sion has been assessed in several 

studies [8, 27, 40, 42, 43, 44].  

In a recent meta-analysis, De Jong  

et al. [45] reported the sensitivity 

and specificity of conventional MRI in 

detecting postlaminar nerve invasion 

to be 59% (95% CI, 37-78%) and  

94% (95% CI, 84-98%), respectively. 

Recent publications have suggested  

a limited correlation of MRI with histo-

pathology and there is little agreement 

among radiologists’ interpretations 

[46-49]. However, these authors  

used standard-resolution MRI with 

head coils; the use of surface coils  

is currently recommended [43, 44]. 

High-resolution MRI with surface  

coils excludes advanced optic nerve 

invasion with high negative predictive 

value and is recommended for the 

appropriate selection of RB patients 

eligible for primary enucleation. How-

ever, it cannot substitute for pathology 

in differentiating the first degrees of 

nerve invasion [50].

Postlaminar optic nerve or optic nerve 

meningeal sheath invasion should 

raise suspicion of leptomeningeal 

metastases. 

Invasion of the choroid and sclera may 

occur with subsequent extension into 

the orbit, conjunctiva, or eyelid. The 

risk of distant metastasis increases 

markedly with extraocular extension.

Discontinuity of the normal choroidal 

enhancement is the leading criterion 

for its infiltration. Massive choroidal 

invasion usually presents as focal  

choroidal thickening. Protrusion of 

enhancing tissue through the thick-

ened choroid into the (low signal-

intensity) sclera or beyond is a sign  

of scleral invasion or extraocular 

extension, respectively [40]. 

Anterior eye segment enhancement 

frequently occurs in RB and is usually  

a sign of iris angiogenesis, caused  

by the hyper-secretion of vascular 

endothelial growth factor (VEGF)  

in tumor growth-induced ischemia 

[51, 52] (Fig. 17). Tumor invasion  

into the anterior eye segment is an 

infrequent finding [40]. 

Vitreous seeding can be shown by MRI 

only if the tumoral flocculus are large 

enough to be detected and dedicated 

sequences are performed (Fig. 18).

DWI has been widely used in evalua-

tion of orbital tumors in adults and 

children. In our protocol, DWI images 

of the eye(s) and the optic nerve(s) 

were acquired in the three orthogonal 

directions with b-factors of 0, 500, and 

1000 mm2/s and apparent diffusion 

coefficient (ADC) maps were automati-
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T2-weighted 3D image showing 

small hypointense floccules of 

vitreal seeding.

18 Restricted diffusion within  

the tumor.
20

Dynamic curve showing early 

enhancement with progressive 

growth.

19

18 20

19

cally generated. Preliminary results  

in RB consistently demonstrate low 

ADC within the tumor and a correla-

tion between its value and prognostic 

parameters [53] (Fig. 19): actually, 

findings such as poorly differentiated 

or undifferentiated tumor, bilaterality, 

large size tumors, and optic nerve 

invasion are usually associated with  

a trend for lower ADC [54, 55]. 

There has been recent discussion of  

the potential for dynamic contrast-

enhanced (DCE) MRI to non-invasively 

assess tumor angiogenesis and necrosis 

in RB concluding that the early phase of 

the DCE time curve positively correlates 

with microvascular density, while  

the presence of late enhancement  

correlates with necrosis [56] (Fig. 20).

Brain MRI can detect trilateral RB  

(i.e. PNET located mainly in the pineal 

gland, or rarely in the suprasellar 

area), leptomeningeal spread and  

congenital brain malformations 

(mainly in patients with 13q-deletion 

syndrome) [57, 58]. 

Persistent fetal vasculature  
(Persistent hyperplastic 
primary vitreous) 

PFV (previously named persistent 

hyperplastic primary vitreous) is  

the second most common cause of  

leukocoria. It is a congenital, non-

hereditary, failure of the embryonic 

primary vitreous to regress, resulting 

in continued proliferation and forma-

tion of a retrolental mass with  

cataract in the anterior segment. The  

primary vitreous is formed during the 

first month of development, extends 

from the posterior lens to the retina 

and contains branches of the hyaloid 

artery. The hyaloid blood system con-

sists primarily of the hyaloid artery,  

a branch of the ophthalmic artery, 

and by the vasa hyaloidea propria. 

The hyaloid artery begins to regress 

during the formation of the avascular 

secondary vitreous at nine weeks.  

By the third month, the secondary 

vitreous, which ultimately forms  

the adult vitreous, fills most of the  

developing vitreous cavity. The pri-

mary vitreous becomes condensed 

into a narrow band (Cloquet’s canal), 

running from the optic disc to the 

posterior aspect of the lens. 

Usually, the primitive hyaloid system 

regresses completely: the posterior 

portion of the arterial system typi-

cally regresses at seven months of 

life, whilst the anterior one regresses 

at eight months of life. When the 

primitive mesenchymal tissue  

persists and continues to proliferate, 

a retrolental mass is formed. Com-

monly, patients have a combination 

of the anterior and posterior types  

of PFV. In the anterior type, findings 

include a shallow anterior chamber, 

elongated ciliary processes, enlarged 

iris vessels, cataracts, early onset 

glaucoma, and intralenticular  

hemorrhages (Fig. 21). There is also  

commonly degeneration of the lens 

fibers; this may manifest as an abnor-

mal lental morphology at imaging 

and ultimately may lead to develop-

ment of a cataract [59]. In the poste-

rior type, findings include the classic 

retrolental fibrovascular mass, vitre-

ous membrane, a remnant of the  

Cloquet canal, which carries the hya-

loid artery, optic disc dysplasia, and a 

clear lens [60]. The retrolental mass 

may hinder the proper development 

of the retina and lead to variable 

degrees of microphthalmia. In older 

patients, calcification or even ossifica-

tion of the lens may be observed [61]. 

PVF is unilateral in between 90%-98% 

of cases [61-63].

Rare bilateral cases of similar findings 

have been reported in the past in 

association with Norrie disease,  

Warburg syndrome, and other  

neurologic and systemic anomalies 

[61]. However, bilateral PFV may  

represent a separate clinical entity, 

with a unique underlying mechanism 

and several bilateral PFV have been 

recently described [64-67]. 

Retinal detachment is seen in  

30%-56% of cases [61, 63]. Strands 

of glial tissue extending from the  

Elongated ciliary processes  

in PFV.
21

21
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retina into the vitreous are seen  

in about one third of cases [61].

Vitreous hemorrhage from the fibro-

vascular tissue is common, especially 

in the first few months of life; hem-

orrhage and neovascular glaucoma 

are the most common complications 

necessitating enucleation.

The most typical finding of PFV is  

the retrolental fibrovascular mass 

[64, 68] caused by persistence of  

the primary vitreous that normally 

should regress [69]. 

Patients with anterior type PFV can 

have a good visual outcome, whilst 

those with posterior type tend to 

have a poor one [64].

Imaging findings depend on the size, 

thickness, and vascularity of the  

retrolental fibrovascular mass. At US, 

the main finding is a contracting 

echogenic retrolental mass, with one 

or few hyperechoic band/s extending 

from the mass to the optic nerve 

head. This band corresponds to the 

Cloquet canal (Fig. 22). Sometimes, 

the hyaloid artery can be seen within 

this band with Doppler US. Mafee et 

al. initially described the relationship 

between leukocoria and CT findings of 

a funnel-shaped mass of fibrovascu-

lar tissue that occupies the retrolen-

tal space and the site of the Cloquet 

canal [70], extending from the area 

of the optic disc toward the posterior 

aspect of the lens [71]. Use of CT 

depicts well microphthalmos and  

frequently a retrolental focus of 

increased attenuation. A linear band 

or septum extending from the poste-

rior aspect of the retrolental mass 

allows for a confident diagnosis of 

PFV, such as a layering attenuating 

hemorrhage in the globe. CT usually 

demonstrates tubular, cylindrical,  

triangular, or discrete intravitreal 

densities suggesting the presence  

of remnants of persistent hyaloid  

system or congenital non-attachment 

of the retina. A generalized increase 

in intravitreal density and enhance-

ment of abnormal intravitreal tissue 

are both possible [70, 71]. CT may 

also detect the presence of calcifica-

tions, very rare in PFV; 3D gradient 

echo T2-weighted MR images and 

SWI MR images hopefully will replace 

CT in the calcification depiction also 

in this pathology. MRI usually depicts 

an inconstant contrast-enhancing 

mass behind the lens associated  

to retinal and/or posterior hyaloid 

detachment with hemorrhage  

and the abnormal lens in a micro-

ophthalmic eye (Fig. 23). Visualiza-

tion of a vertical septum (Cloquet 

canal) between the optic disc and 

posterior lens is a diagnostic hall-

mark. Decubitus positioning may  

also show a gravitational effect on a 

fluid level within the globe, reflecting 

a sero-hematic fluid (Fig. 24). There 

may also be enhancement of the 

anterior chamber, which is thought 

to be related to elongation of the  

ciliary processes, possibly through 

the mechanism of leaky vessels [64].

Anterior PFV is rarer than posterior 

PFV, and mixed type is by far the most 

frequent (Fig. 25). In the sporadic 

cases documented with MRI in the 

pertinent literature, anterior PFV 

showed a shallow anterior chamber, 

a flat lens, and an enhancement of 

the lens and of the ciliary body after 

intravenous gadolinium administra-

tion [60, 72].

Coat’s disease

Since its original description in 1908, 

Coat’s disease (CD) has been recog-

nized as an idiopathic cause of severe 

vision loss with a remarkable diversity 

in clinical presentation and morphol-

ogy. CD is a rare, probably congenital, 

nonfamilial, idiopathic vascular  

developmental disease of the retina, 

primarily caused by a defect at the 

endothelial cell level of the blood- 

retinal barrier, resulting in increasing 

amounts of yellowish intraretinal and 

subretinal exudate composed of blood 

components rich in cholesterol crys-

tals, cholesterol- and pigment-laden 

macrophages, few erythrocytes, and 

minimal hemosiderin, final leakage of 

fluid into the vessel wall and perivas-

cularly (Figs. 26, 27). The massive  

subretinal and intraretinal exudation 

often leads to thickening of the retina 

(heaviest in the outer sectors) and 

exudative retinal detachment [73, 74]. 

Some eyes develop retinal or choroidal  

neovascularization, which might result 

in hemorrhage. In up to 20% of all 

cases there is a fibrous submacular 

nodule that occasionally is calcified  

Retrolental stalk along the  

Cloquet canal.
22

T1-weighted contrast-enhanced 

image showing retrolental mass 

in a microophthalmic left eye.

23

T2-weighted image of PFV with 

both anterior and posterior 

segments involvement.

25

Fluid-fluid level due to intravitreal 

hemorrhage.
24

22 23

25

24

Clinical Pediatrics

52 MAGNETOM Flash | (63) 3/2015 | www.siemens.com/magnetom-world



Yellowish exudate at 

ophthalmoscopy.
26

or ossified. The clinical spectrum  

of CD is broad, ranging from asymp-

tomatic perifoveal telangiectasis,  

to total exudative retinal detachment 

with poor visual prognosis, and may 

progress to neovascular glaucoma  

with eventual phthisis bulbi. Second-

ary changes also include rubeosis  

iridis, neovascular glaucoma, cataract, 

and uveitis. Shields et al. [75] pro-

posed the most recent classification 

system in five stages: 

Stage 1: retinal teleangectasia only

Stage 2: teleangectasia and  

 exudation

Stage 3a: exudative subtotal retinal  

 detachment

Stage 3b: exudative total retinal  

 detachment

Stage 4: total retinal detachment  

 and glaucoma

Stage 5: advanced end-stage  

 disease 

The vascular anomaly of CD, 

although present at birth, usually 

does not cause symptoms until the 

retina detaches and central vision  

is lost [76, 77]. Calcifications are  

very rare, although intraocular  

bone formation has been reported in 

advanced cases [78]. CD is unilateral 

in 80%-90% of patients, affecting 

69%-85% of males. If bilateral,  

one eye is usually minimally affected 

[59, 79-81].

The disease usually appears in 

patients slightly older (4-8 years) 

than those affected by RB. Several 

exceptions to the usual age at pre-

sentation have been reported [77, 

82, 83]. CD is isolated in the majority 

of cases, although associations with 

a variety of exudative retinopathies, 

as well as several conditions, have 

been described [59, 84-87]. 

Leukocoria and strabismus are the 

most common presenting signs of CD 

[73, 74, 77, 79, 88-91]. Progression 

to total retinal detachment, painful 

neovascular glaucoma, phthisis bulbi, 

and blindness, occurs in slightly  

more than half of untreated patients 

[83, 92]. Spontaneous remission has 

been sporadically reported [93]. 

Misdiagnosing CD as RB may result  

in the enucleation of a potentially 

salvageable eye; conversely, mistak-

ing a case of RB for CD delays the 

appropriate therapeutic intervention 

and increases the possibility of  

extraocular tumor spread, especially 

if intraocular surgery is performed.

Ophthalmoscopy can demonstrate  

a variety of findings, depending on 

the stage of the disease. In early 

stages, ophthalmoscopic examina-

tion reveals dilated and saccular 

aneurysmal changes in tortuous  

retinal vessels with exudates, and 

localized foci of retinal teleangiecta-

sia [73]. With progression of the dis-

ease, the vascular abnormalities are 

associated with increasing amounts 

of yellow intraretinal and subretinal 

exudation. The ophthalmoscopic dis-

tinction of advanced CD from other 

diseases with bullous retinal detach-

ment (such as RB) can be extremely 

difficult, if not impossible (Fig. 28); 

for instance, dilated retinal vessels 

and subretinal exudate with foamy 

macrophage may represent a so 

called ‘Coat’s reaction’ to RB [74]. 

Furthermore, patients with advanced 

CD frequently manifest a clouded vit-

reous, which limits ophthalmoscopic 

findings. Fluorescein angiography 

plays a pivotal role in both diagnosis 

and assessment of disease progres-

sion, allowing clear visualization of 

the vascular changes which may be 

taking place [75]. It may show mildly 

irregular retinal vessels, sausage-like 

vascular beading, saccular outpouch-

ings, or light-bulb dilations; leakage 

from the irregular-caliper retinal ves-

sels may be demonstrated (Fig. 29). 

The ultrasonographic findings 

depend on the stage of the disease. 

In the early stages, US shows areas of 

retinal detachment, and excludes the 

presence of solid mass and calcifica-

tion (both suggesting RB); documen-

tation of teleangiectasia and retinal 

exudates are also possible in early 

stages. When the disease advances, 

some more characteristic echo-

graphic signs may help the right 

diagnosis: narrow or close V-shaped 

retinal detachment with looping of  

a thickened peripheral retina, poor 

retinal mobility, dense slowly moving 

26

Cholesterol crystals at histology.27

27

Bullous retinal detachment in 

Coat’s disease.
28

28

29

Leakage at fluorangiography.29
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Funnel-shaped total retinal 

detachment at ultrasonography.
30

30

subretinal opacities, as well as the 

above described absence of solid 

mass and no evidence of calcification 

(Fig. 30). However, it is important  

to remember that looping of the 

peripheral retina may also be seen in 

advanced retinopathy of prematurity 

(ROP), and calcification has been 

described in longstanding CD [95]. 

Unfortunately, although ultrasono-

graphy is an essential component of 

the evaluation of patients with CD, it 

is of limited utility when diffuse vitre-

ous infiltration, non-calcified masses, 

and complex interfaces are present. 

OCT is useful in identifying subtle 

macular edema or cystic changes, 

subretinal fluid, exudate, and  

hemorrhage, as well as assessment 

of the integrity of specific retinal  

layers [96]. 

When clinical diagnosis is uncertain, 

CT and/or MR imaging are required. 

In the initial stages, imaging studies 

may be essentially normal or show 

very slight focal retinal thickening 

and exudate. In advanced stages,  

CT and MRI show a funnel-shaped 

retinal detachment with an underly-

ing subretinal lipo-proteinaceous 

exudation. The exudate may occupy 

almost the entire globe and may oblit-

erate the vitreous space in advanced 

cases. There is no calcification. The 

exudation appears hyperdense on  

CT (Fig. 31) and almost always as 

hyperintense signal on both T1w  

(Fig. 32), T2w (Fig. 33), and FLAIR 

(Fig. 34) images. This is in contrast  

FLAIR image clearly showing a 

hyperintense right eye.
34

T2-weighted image showing 

hyperintense exudate and totally 

detached retina with some 

peripheral thickening.

33

CT scan showing diffuse hyper-

density in the right eye in high-

grade Coat’s disease. No calcifi-

cations are visible.

31

T1-weighted not-enhanced image 

showing diffuse hyperintense 

exudate in the affected eye.

32

31

32

to RB, which is relatively hypointense 

on T2-weighted images. The presence 

of hemorrhage at different catabolic 

stages or fibrosis may confer a poten-

tially confounding heterogeneous 

appearance, especially on T2-weighted 

images (Fig. 35). Post-contrast study 

usually shows an absence of enhance-

ment in the subretinal region, and may 

document characteristic funnel-shaped 

enhancement of the detached leaves 

of the retina (Fig. 36), due to thick-

ened retina with teleangectasia and 

microaneurysms, especially in the 

peripheral sections. Enhancement  

of the detached leaves of the retina,  

if present, may be very important in 

the differential diagnosis with RB, 

which enhances in a mass-like fashion. 

However, in extreme cases of 

advanced CD, a retrolental gliotic mass 

can occur simulating nodular RB. 

A case report with enhancement  

of the proximal optic nerve in 

T1-weighted contrast-enhanced 

images has been described in a child 

with elevated (58 mm Hg) intraocular 

pressure (IOP); the finding disappeared 

after normalization of IOP [97].

Proton MR spectroscopy of the exudate 

has demonstrated a peak at 1-1.6 ppm 

due to lipoproteinaceous material [98].

The main problem in differential  

diagnosis remains to differentiate 

advanced CD from RB, and usually 

requires the summation of various 

diagnosis aids, since both diseases 

may present with nonrhegmatogenous 

retinal detachment, teleangiectases, 

and subretinal collections.

33

34

T2-weighted image showing a 

hypointense mass-like lesion in 

Coat’s disease.

35

35
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