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Abstract

Purpose To review recent advances in the

diagnosis and treatment of congenital vascular

malformations of the retina and choroid.

Methods Review of the current literature on

retinal haemangioblastoma, racemose

haemangiomatosis, retinal cavernous

haemangioblastoma, circumscribed choroidal

haemangioma, and diffuse choroidal

haemangioma.

Conclusion The management of patients

with congenital vascular lesions of the retina

and choroid is advancing rapidly through

recent developments in genetic testing, ocular

imaging, and treatment. Most are associated

with systemic disease, which may be life-

threatening. New therapeutic methods such as

Verteporfin photodynamic therapy and anti-

angiogenic therapy have significantly

improved the treatment of retinal and

choroidal angiomas and vascular

malformations. Ophthalmologists have a

major role in detecting and diagnosing these

tumours and in providing long-term care in

collaboration with a specialist in the field.
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Introduction

Vascular tumours and malformations of the

retina and choroid are rare and diverse. Most

are associated with systemic disease, which may

be life-threatening. The management of patients

with these tumours is advancing rapidly, thanks

to the developments in genetic testing, ocular

imaging, and treatment. For these reasons,

patients with vascular tumours and

malformations are increasingly referred to a

centre with an experienced multidisciplinary

team and relevant expertise in therapeutic

methods such as photodynamic therapy (PDT)

and anti-angiogenic therapy. The management

of these patients in specialised centres also

enhances opportunities for research, thereby

improving our understanding of the

pathophysiology of these conditions and

facilitating the evaluation of novel therapeutic

methods. Nonetheless, ophthalmologists have a

major role in detecting and diagnosing these

tumours and in providing long-term care in

collaboration with a specialist in the field.

In this article, we review recent advances in the

diagnosis and treatment of congenital vascular

malformations of the retina and choroid.

Retinal haemangioblastoma

Retinal haemangioblastomas (also known as

capillary angiomas) are benign vascular retinal

tumours that can occur sporadically or in

association with von Hippel–Lindau (VHL)

disease.1 They can develop at any age. Those

associated with VHL disease are typically

diagnosed at around 20 years of age (range,

3–47), whereas sporadic tumours present later

in life, at around 30–40 years (range, 7–74).1 The

clinical appearances and associated symptoms

vary according to the size and location of the

lesion as well as any secondary effects. Small

peripheral tumours are mostly asymptomatic

and difficult to detect. They may resemble a

microaneurysm or appear as a small coil of

capillaries with a grey–orange colour and non-

dilated feeding and draining retinal vessels.

With increasing size, these haemangioblastomas

form orange–red vascular tumours within the

retina and their feeder vessels enlarge. Larger

lesions produce intra- and subretinal hard
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exudates, in the surrounding part of the fundus and at

the macula, where circinate patterns may form (Figure 1).

An epiretinal membrane may also develop. More

advanced lesions give rise to vitreous bands, which cause

tractional retinal detachment (Figure 2). Severe exudative

retinal detachment can also occur.2 In the advanced

stages of this disease, secondary glaucoma and uveitis

commonly occur, resulting in a blind and painful eye.3

Most retinal haemangioblastomas are located in the

peripheral retina. About 15% arise at or around the optic

nerve head. Juxtapapillary tumours appear as orange–

grey intraretinal lesions with surrounding exudative

changes and can easily be mistaken for parapapillary

choroidal neovascularisation.4 Haemangioblastomas

involving the optic disc are classified as endophytic if

they grow towards the vitreous, exophytic if they extend

towards the outer retina, and sessile if they show flat

growth in the middle retinal layers.3 Histopathologically,

these tumours are composed of small capillary-sized

blood vessels with a normal endothelial lining,

interstitial vacuolated stromal cells, and reactive

gliosis.5,6 They are thought to arise from small,

perivascular, poorly differentiated cells with a scanty

cytoplasm, known as ‘tumorlet cells’.5

VHL disease is inherited in an autosomal dominant

manner with variable penetrance. It causes benign and

malignant tumours and cysts in several organs.7 The

disease is caused by mutations of the VHL gene on

chromosome 3p25-26.8 Different types of mutations

correlate with variations of the disease phenotype.

Interestingly, in addition to vascular endothelial growth

factor (VEGF) the tumour cells also show increased

expression of hypoxia-induced factor, ubiquitin,

erythropoietin, and the chemokine receptor CXCR4.5 In a

large series of 327 patients published by Neumann et al,7

the most common lesions were haemangioblastoma of

the central nervous system (52% of affected patients),

retinal haemangioblastoma (48%), renal cysts (33%),

phaeochromocytoma (33%), pancreatic cysts (22%), and

renal cell carcinoma (22%). In addition, there can be

endolymphatic sac tumours, which cause deafness, and

papillary cystadenomas of the epididymis, which are

palpable and pathognomonic if bilateral. About 80% of

patients with VHL disease have a positive family history.

Diagnosis and management

Retinal haemangioblastomas are diagnosed by indirect

ophthalmoscopy. Sporadic haemangioblastomas and

those associated with VHL disease are clinically

indistinguishable. Fluorescein angiography or

funduscopy may be helpful in identifying small

peripheral angiomas.9 Ultrasonography is useful for

measuring tumour dimensions and monitoring treatment

effects. Optical coherence tomography (OCT) enhances

the assessment of maculopathy.

Treatment is determined by the size, number, and

location of the haemangioblastomas, as well as any

secondary effects.2,3 Fibrosed and inactive lesions can be

left untreated. Very small, peripheral lesions may also

remain dormant if left untreated; however, because of the

high risk of progression, they are usually ablated without

Figure 1 Retinal haemangioblastoma in a patient with von
Hippel–Lindau disease. Dilated feeder vessels and exudative
retina changes involving the macula can be seen.

Figure 2 Advanced inferior retinal haemangioblastoma with
tractional and exudative retinal detachment in a patient with
von Hippel–Lindau disease.
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delay.3 Tumours with a thickness of up to 1.5 mm and a

greatest basal diameter not exceeding 4 mm can be

treated with laser photocoagulation. Tumours not more

than 5 mm thick usually respond to cryotherapy,

although several sessions of treatment may be necessary.

Larger tumours usually require radiotherapy, which can

consist of plaque brachytherapy, external beam

radiotherapy, or proton beam radiotherapy.2 Tractional

retinal detachment necessitates vitreoretinal surgery

(Figures 2 and 3). Several case reports of successful

treatment of retinal angiomas with PDT have recently

been published.10–12 In contrast, intravitreal anti-VEGF

therapy is generally disappointing.13 Treatment of

juxtapapillary angiomas carries a risk of marked visual

loss so that asymptomatic tumours are observed without

treatment. There are reports of successful treatment with

surgical excision, laser photocoagulation, PDT (Figures 4

and 5), and anti-VEGF treatment.4,14,15

Multiple retinal haemangioblastomas are diagnostic

for VHL disease; however, it must be noted that about

50% of solitary retinal haemangioblastomas are

associated with this syndrome.1,4,16 A patient with a

retinal angioma should therefore be screened for VHL

disease even if there is only a solitary tumour.4 Such

screening involves physical examination, blood pressure

measurement, as well as imaging of the abdomen and

brain. Confirmation of the diagnosis depends on the

presentation.3 If there is a positive history, this diagnosis

can be made even if there is only one ocular or systemic

tumour consistent with this disease. When the family

history is negative, the presence of more than one such

tumour is sufficient. The diagnosis can be confirmed by

detecting a mutation of the VHL gene.3 This diagnostic

test is particularly important in patients with a solitary

retinal haemangioblastoma and a negative family history

Figure 3 Same patient as in Figure 2. Retinal reattachment
following vitrectomy, endoresection, and silicone oil tamponade
(courtesy of Prof. N Bornfeld, Essen, Germany).

Figure 4 Sporadic sessile retinal haemangioblastoma not
associated with von Hippel–Lindau disease. Fluorescein angio-
graphy demonstrating leakage from the retinal angioma during
the arteriovenous phase. Visual acuity 6/60.

Figure 5 Same patient as in Figure 4. Complete regression of
the retinal angioma after one Verteporfin photodynamic therapy
using standard parameters. Visual acuity improved to 6/24.
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and in relatives of patients with VHL disease.4,16 Some of

the sporadic cases may also be caused by a somatic

mutation within the VHL gene in the angioma cells, in a

similar manner to sporadic retinoblastoma.6

Patients with a diagnosis of VHL disease and their

relatives should be screened for the disease and other

organ manifestations.17 Several protocols exist.18

Ophthalmological screening should include lifelong

annual indirect ophthalmoscopy, starting at pre-school

age.9,19

Racemose haemangiomatosis

Racemose haemangiomatosis consists of retinal vascular

malformations with anomalous arteriovenous

communications and shunts. This condition is

categorised as grade 1 if it consists only of an abnormal

capillary plexus between the major vessel arcades; grade

2 if one segment of the fundus shows direct arterio-

venous communications without interposed capillaries

(Figure 6) and grade 3 if massive arterio-venous

communications extend throughout the entire fundus.20

Grade 1 changes are rarely seen, because they usually

remain asymptomatic and are difficult to detect. In the

more advanced cases, about 70% of patients can be

classified as grade 2 and about 30% as grade 3.21 Grade 2

and grade 3 changes are almost always associated with

cerebral vascular malformations.21,22 Massively dilated

vessels can be mistaken for angiomatous lesions. The

terminology of this condition is confusing, including

nomenclature such as Wyburn–Mason syndrome,

Bonnet–Dechaume–Blanc syndrome, and congenital

unilateral retinocephalic vascular malformation

syndrome (CRC syndrome).21,23 The CRC syndrome has

been further divided into the ‘typical CRC group’,

consisting of retinal and cerebral arteriovenous

malformations with facial vascular skin lesions, and the

‘atypical CRC group’, without skin lesions.

Racemose haemangiomatosis can be diagnosed at all

ages with a mean age of 20 years (range, 4–64).21,23,24

Other features include retinal exudates caused by the

high blood flow in the arterio-venous communications,

retinal and vitreous haemorrhages, retinal venous

occlusions, and neovascular glaucoma. Most affected

eyes have severe visual loss, caused either by advanced

retinal disease or by vascular malformations involving

the anterior visual pathway.

Diagnosis and management

The diagnosis is based on the typical ophthalmoscopic

appearances. Fluorescein angiography demonstrates the

high-flow arteriovenous communications and adjacent

areas of retinal capillary dropout.21,22 In most patients,

the condition is stable; however, in some cases, the retinal

lesions may slowly regress, progress, or affect other areas

of the fundus.21,22 Some patients show mild, non-

pulsatile proptosis. Visual loss can be caused by lesions

along the visual pathway, and not by the retinal lesions.

A neurological workup is therefore mandatory. Vascular

malformations of the jaw can cause severe haemorrhage

after dental extraction.25 There is no effective

treatment.23,24

Retinal cavernous haemangioma

Retinal cavernous haemangioma consists of a cluster of

dark-red, saccular aneurysms within the inner retina,

often associated with white fibroglial tissue (Figure 7).

The condition can occur sporadically or can be inherited

in an autosomal dominant manner with invariable

penetrance and can be associated with cerebral, spinal,

and cutaneous angiomas, and aneurysms.26–31 The

diagnosis can be made at any age. Secondary changes

include epiretinal gliosis and, rarely, retinal and vitreous

haemorrhages.30,32,33 The angiomas can usually be found

away from the posterior pole, so that location at the optic

disc or macula is exceptional.30,34 Histologically, the

telangiectatic vessels forming the angioma show a

normal endothelial cell lining.29 For this reason, these

tumours are not associated with exudation, in contrast to

other retinal vascular malformations.

Figure 6 Racemose angiomatosis grade 2. Direct arteriovenous
anastomosis without interspersed capillaries (courtesy of Prof. A
Wessing, Essen, Germany).
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Diagnosis and management

Most cases are incidental findings on routine

examination. The diagnosis is established by the typical

ophthalmoscopic appearances. Fluorescein angiography

typically shows slow filling of the aneurysms with little

leakage and late ‘capping’ of the dye in the superior half

of the aneurysms as a result of settling of red blood cells.

In addition to demonstrating the aneurysms, OCT may

also show an epiretinal membrane.35 No treatment is

necessary, because these lesions usually remain stable

and asymptomatic.36 Vitrectomy may be needed

if there is a persistent vitreous haemorrhage.32

Neurological examination is necessary, because of the

known association with cerebral aneurysms.30

First-degree relatives should also be examined.

Circumscribed choroidal haemangioma

Circumscribed choroidal haemangiomas are rare, benign,

intraocular tumours, but are not infrequent in tertiary

referral centres.37 Histologically, these haemangiomas are

usually of the cavernous and mixed types, with the

capillary haemangiomas being seen only rarely.38

Associated changes include degeneration of the

overlying choriocapillaris; focal proliferation of the RPE;

fibrous metaplasia, and ossification.38 Such ossification

may clinically resemble an orange pigment.

Choroidal haemangiomas are often mistaken for

choroidal metastases and melanomas.37 However, an

experienced clinician can make a diagnosis by

ophthalmoscopy alone, as choroidal haemangiomas have

such a characteristic appearance, consisting of an

indistinct round-to-oval, pink swelling at the posterior

pole, often involving the optic disc, macula, or both.

Most tumours are located temporally. Circumscribed

choroidal haemangiomas are thought to be congenital

hamartomas.37 This impression is based on the finding

that macular haemangiomas are usually associated with

amblyopia, most likely occurring as a result of

hypermetropia. Circumscribed choroidal haemangiomas

may remain asymptomatic throughout life; however,

many patients present between the second and fifth

decades with visual symptoms caused by secondary,

exudative retinal detachment and macular oedema.37,39

Little is known about the natural history of the disease,

because most patients presenting to an ophthalmologist

are symptomatic and therefore treated. In 17

symptomatic patients who did not undergo treatment,

there was no significant growth of the lesion itself but

most eyes developed progressive exudative retinal

detachment.40 Shields et al37 observed 84 patients and

noted such progression in 38% of cases having a

minimum follow-up of 3 months. If left untreated, many

such patients will eventually develop severe retinal

detachment with secondary glaucoma.38,39 Tumour

enlargement with increasing exudation has been

observed and is believed to represent increasing venous

congestion rather than neoplastic cellular

proliferation.39,41

Diagnosis and management

The diagnosis can usually be based on the typical clinical

ophthalmoscopic appearances (Figure 8).

Ultrasonography shows acoustic solidity with a high

internal acoustic reflectivity. In addition,

ultrasonography is useful for determining the tumour

dimensions, most tumours measuring 4–9 mm in basal

diameter with a thickness of 2–6 mm.37,42 Fluorescein

angiography shows a highly vascularised choroidal

lesion that typically fills rapidly, simultaneously with

the normal choroidal vessels and just before the retinal

arteries.37 The lesion remains hyperfluorescent

throughout the examination. In contrast, indocyanine

angiography shows an early, bright flush of dye followed

by a characteristic ‘washout’ of the dye with relative

hypofluorescence compared with the adjacent choroid in

the late phases of the examination.37,43 OCT can identify

and quantify any associated macular oedema and is

helpful in assessing treatment.

Systemic assessment of patients with circumscribed

choroidal haemangioma is not indicated as extraocular

manifestations are exceedingly rare, these consisting of

Figure 7 Retinal cavernous haemangioma with epiretinal
membrane formation.
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Sturge–Weber syndrome, mucosal and cutaneous

haemangiomas, and neurofibromatosis.37

Asymptomatic patients and those with longstanding

visual loss and hence only a small chance of visual

improvement are left untreated but kept under

observation.37 Treatment is recommended for

symptomatic patients with exudative retinal detachment

and/or macular edema, as well as for patients with

severe exudative retinal detachment threatening to cause

neovascular glaucoma. PDT is now the preferred

treatment in most centres.44–47 This yields excellent

anatomical and functional results with minimal risk of

complications (Figure 9). The exact treatment parameters

of PDT are still debated but several authors have

recommended bolus injections of Verteporfin, increased

application time of laser energy, and overlapping

treatment spots.45–47 However, over-zealous treatment

may cause complications such as RPE atrophy and

secondary polypoidal choroidal vasculopathy.48,49 Recent

studies suggest that satisfactory results can be achieved

using the same treatment settings as for exudative age-

related macular degeneration (Figure 9).44,48 If PDT is not

available or is unsuccessful, or if the disease is too

advanced, then alternative treatments include

transpupillary thermotherapy, external beam, or proton

beam radiotherapy.37,50–56 Follow-up examinations

should include ultrasound measurement of tumour

dimensions and OCT examinations of macular oedema,

as appropriate. A treatment effect can usually be seen

within 6 months. Rarely, repeated PDT is necessary to

achieve the desired result.44

Diffuse choroidal haemangioma

Diffuse choroidal haemangiomas are sporadic,

congenital hamartomas, which are almost always

associated with Sturge–Weber syndrome. They may be

detected in babies undergoing ophthalmoscopy because

of the presence of the typical facial port-wine stain;

however, the median age at diagnosis is 5–7 years.57

Histologically, these haemangiomas are of the mixed

type. In most cases, they are associated with vascular

changes of the episcleral and subconjunctival perilimbal

tissues, which may explain the high rate of glaucoma.38

There may be heterochromia, with increased ipsilateral

iris pigmentation. Diffuse choroidal haemangiomas are

usually extensive, involving more than half of the

choroid, and are usually associated with marked

exudative retinal detachment, hypermetropia, and

amblyopia.

Diagnosis and management

In contrast to circumscribed choroidal haemangiomas,

diffuse haemangiomas are more difficult to identify and

easy to miss on funduscopy (Figure 10). Initially, they are

relatively flat, blending with the surrounding choroid so

that precise determination of their borders is difficult.

Their colour is darker and redder than circumscribed

haemangiomas, which tend to be orange–pink. The

retinal veins can be dilated and tortuous if the optic disc

is compressed by the tumour. B-scan ultrasonography is

Figure 9 Same patient as in Figure 8. Complete regression of
the haemangioma and choroidal atrophy following single
Verteporfin photodynamic therapy using standard parameters.

Figure 8 Circumscribed choroidal haemangioma at the poster-
ior pole below the macula and optic nerve head.
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helpful in identifying the lesion and demonstrates

diffuse thickening of the choroid, with acoustic solidity.

There may also be orbital shadowing caused by osseous

metaplasia. Fluorescein and ICG angiography findings

are the same as those of circumscribed choroidal

haemangioma.

Nearly all diffuse choroidal haemangiomas are

associated with the Sturge–Weber syndrome, which is a

sporadic neurocutaneous disorder characterised by facial

capillary malformation (port-wine stain), leptomeningeal

angioma, and vascular ocular abnormalities.57 Diagnosis

of the choroidal haemangioma is usually established

during screening in newborns with suspected Sturge–

Weber syndrome, or in children or young adults with

Sturge–Weber syndrome, who develop glaucoma or

visual loss as a result of exudation, macular oedema, or

increasing hypermetropia.38,58

Sturge–Weber syndrome is diagnosed clinically in the

presence of the facial cutaneous changes with

neurological changes and/or ocular manifestations,

which consist of glaucoma in 71%, conjunctival or

episcleral haemangiomas in 69%, and diffuse choroidal

haemangiomas in 55% of patients.59 Only 8% of children

born with facial port-wine stains are associated with

Sturge–Weber syndrome;60 however, the association is

more common if the facial nevus involves the eyelids. All

children with port-wine stains in the area of the

trigeminal nerve should, therefore, undergo an anterior

segment and dilated fundus examination with

measurement of the intraocular pressure and

ultrasonography to screen for diffuse choroidal

haemangioma.57 In children with Sturge–Weber

syndrome and choroidal haemangioma, leptomeningeal

angiomatous lesions are almost always present.57,60

Neurological evaluation including contrast MRI should

therefore be performed in all children with diffuse

choroidal haemangioma. All patients with the Sturge–

Weber syndrome should also undergo regular screening

examinations for glaucoma. Glaucoma develops in

infancy in about 60% of cases and in childhood or early

adulthood in 40%.60

Because of the extensive choroidal involvement that is

present from birth, the visual prognosis is poor.61,62 The

main objective of treating diffuse choroidal

haemangiomas is to prevent or treat severe retinal

detachment, thereby avoiding secondary glaucoma and

loss of the eye.61 Laser photocoagulation and

transpupillary thermotherapy are usually impractical

because diffuse choroidal haemangiomas are so

extensive and because they are associated with severe

exudative retinal detachment. Most cases reported in the

literature have therefore been treated with lens-sparing

external beam radiotherapy or proton beam

radiotherapy.40,50,56,62 In about 75% of patients, regression

of the haemangioma and resolution of the secondary

exudative retinal detachment can be achieved by these

methods; however, a minority of patients develop

radiation retinopathy.40,50,62 Several reports of successful

PDT for diffuse choroidal haemangioma (Figure 11) have

Figure 10 Diffuse choroidal haemangioma with exudative
retinal detachment in a 23-year-old female patient with
Sturge–Weber syndrome.

Figure 11 Same patient as in Figure 10. Regression of the
diffuse haemangioma and the exudative retinal detachment
following Verteporfin photodynamic therapy with standard
parameters and four overlapping spots covering the haeman-
gioma at the posterior pole.
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now been published.63–65 These suggest that it is

sufficient to treat only the ‘active’ part of the angioma;

that is, the area showing intense fluorescein leakage and

overlying secondary RPE degeneration.64
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