
Indocyanine green 
enhanced transpupillary 
thermotherapy of 
circumscribed choroidal 
haemangioma 

Abstract 

Purpose To investigate the effect of 

indocyanine green in enhancing the effect of 

diode laser for treatment of circumscribed 

choroidal haemangioma. 

Methods Intravenous indocyanine green was 

used to enhance uptake of heat energy during 

transpupillary diode thermotherapy of 

circumscribed choroidal haemangioma. 

Results In a series of 6 patients treated in this 

manner, response to treatment was much 

improved compared with results without the 

use of indocyanine green. All patients retained 

the same or better visual acuity after treatment, 

and 67% of eyes improved visual acuity by 

more than 2 lines on Snellen testing. 

Ultrasonographic and angiographic evidence 

of improvement was seen in all patients. 

Treatment complications were minimal, 

comprising transient worsening of pre

existing cystoid macular oedema in one case, 

and a small macular branch vein occlusion in 

the retina overlying the treated area. 

Conclusions The use of indocyanine green as a 

contrast medium during transpupillary 

thermotherapy allows consistent uptake of 

diode laser energy, and shortens the duration 

of laser burn required. It is a cost-effective, 

easily performed outpatient procedure, with 

lower morbidity than other treatment 

modalities. 

Key words Choroid, Haemangioma, 

Indocyanine green, Laser, Thermotherapy 

Choroidal haemangiomas are uncommon 

intraocular tumours. These benign vascular 

hamartomas occur in two forms: a diffuse type 

and a circumscribed type. The diffuse type is 

commonly associated with Sturge-Weber 

syndrome. Circumscribed choroidal 

haemangioma is a distinct entity and differs 

from the diffuse type of haemangioma both 

clinically and histopathologically. 1 

Circumscribed choroidal haemangioma is a 

discrete, orange-red choroidal tumour 
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commonly seen in the juxta-papillary or 

macular area and can result in poor visual 

acuity due to serous retinal detachment, cystoid 

macular oedema or a combination of both? 

Treatment options include cryotherapy,3 argon 

laser photocoagulation,4,5 external beam 

irradiation,6 brachytherapl or proton beam 

irradiation.8 More recently transpupillary 

thermotherapy using diode laser has been 

described in the management of circumscribed 

choroid haemangioma.9-11 

Transpupillary thermotherapy using 

infrared radiation (805-801 nm) from a diode 

laser delivers low-dose heat to the deeper layers 

of the retina and choroid, inducing tumour 

obliteration and resorption of sub-retinal fluid, 

and therefore may help to improve visual 

acuity.9,lO This particular mode of therapy has 

been used previously in the management of 

retinoblastoma and choroidal melanoma.12 

More recently its use has been described in the 

treatment of circumscribed choroidal 

haemangioma.9-11 

The use of intravenous indocyanine green 

with diode laser facilitates absorption of greater 

heat energy at the level of choroid and hence 

leads to more tumour destruction, which is 

probably due to occlusion and thrombosis of the 

vascular channels. Although this combination 

therapy has been described before in the 

management of recurrent amelanotic choroidal 

melanomas/2 to our knowledge this is the first 

time its use has been described for the treatment 

of circumscribed choroidal haemangioma. We 

describe our initial experience of 6 cases of 

circumscribed choroidal haemangioma treated 

with indocyanine green enhanced diode laser, 

managed between January 1998 and February 

1999. 

Materials and methods 

An open prospective study was carried out 

between January 1998 and February 1999 at the 

Sheffield Ocular Oncology Service, Sheffield. 

Six patients with circumscribed choroidal 
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Table 1. Treatment details 

Patient no. Treatment details Comp lications 

1 
2 
3 
4 
5 
6 

12 x 1200 mW x 3 mm repeated at 4 weeks 
14 x 1100 mW x 3 mm repeated at 10 weeks 
10 x 720 mW x 3 mm 

Nil 
Nil 
Nil 

8 x 1150 mW x 3 mm 
12 x 1000 mW x 3 mm 

Transient exacerbation of CMO 
Nil 

11 x 1250 m W x 3 mm repeated at 15 weeks BRVO overlying lesion 

CMO, cystoid macular oedema; BRVO, branch retinal venous occlusion. 

haemangioma received indocyanine green enhanced 

transpupillary thermotherapy using diode laser. 

The diagnostic investigation included visual acuity 

assessment, slit-lamp biomicroscopy, fundoscopy, ocular 

ultrasonography, intravenous fluorescein angiography 

and intravenous indocyanine green angiography. 

Treatment was performed as an outpatient procedure. 

After obtaining written informed consent, retrobulbar 

anaesthesia with 2-3 ml of 2% lignocaine was 

administered in all patients. Intravenous indocyanine 

green (25 mg in 5 ml of aqueous solvent) was injected 

intravenously 20 s prior to the treatment. Treatment was 

carried out using a slit-Iamp-mounted Oculight SLx 

diode laser (Iris Medical) and a Yolk Area Centralis Laser 

Plus or Yolk Plus Super Quad 160 lens. Power used was 

between 720 and 1250 m W with a spot size of 3 mm and 

duration of 1 min; the number of applications varied 

between 8 and 14 bums. Treatment was repeated once in 

3 eyes as required (Table 1). The aim of the treatment was 

either obliteration of tumour or resolution of sub-retinal 

fluid, to treat tumour enlargement or visual impairment. 

Patients were followed up at 4 weeks, 6 weeks and 

then on a 3-monthly basis with Snellen visual acuity, slit

lamp biomicroscopy, colour fundus photography, 

fluorescein angiography and ocular ultrasound. 

Treatment-related complications were also recorded at 

each follow-up visit. 

Results 

Between January 1998 and February 1999 a total of 6 

patients (4 male, 2 female) with circumscribed choroidal 

haemangioma were treated with intravenous 

indocyanine green enhanced transpupillary 

thermotherapy. Mean age at the time of treatment was 47 

years (range 34-68 years). 

Four patients experienced decreased or blurred vision 

prior to treatment, and 2 had photopsiae. Duration of 

symptoms ranged from 6 months to 4 years. 

All tumours were solitary and unilateral. In 4 eyes, the 

tumour was located in the nasal quadrants (67%) and in 2 

eyes in temporal quadrants (33%). Four tumours were 

juxta-papillary (67%) and 2 were para-foveal (33%). 

Pre-treatment visual acuity ranged from counting 

fingers to 6/9 (Table 2). Clinical or fluorescein 

angiographic evidence of sub-retinal fluid was seen in all 

6 eyes. Associated features observed were cystoid 

macular oedema in 2 eyes, and age-related macular 

degeneration in one eye. 

Fluorescein angiography in all patients was consistent 

with the features of circumscribed choroidal 

haemangioma, demonstrating a characteristic early 

hyperfluorescence (Fig. 1b) and late leakage (Fig. 1c, d). 

Diagnostic intravenous indocyanine green angiography 

showed hyperfluorescence in early frames of less than 

30 s (Fig. 1k), a mid-transit diffuse fluorescence at 5 min 

(Fig. 11) and a typical central washout of the dye in late 

frames at 30 min with persistent peripheral 

hyperfluorescence (Fig. 1m). Topographic series of 

indocyanine green angiography demonstrated the 

presence of sub-retinal fluid in all eyes. 

The mean tumour thickness on ultrasonography was 

2.5 mm (range 2.0-4.5 mm); the mean tumour diameter 

was 7.75 mm (range 6.5-9 mm) (Table 2). A-scan 

ultrasonography showed characteristic high internal 

reflectivity in all patients. 

The main indication for treatment was decreased 

visual acuity in the affected eye or an increase in tumour 

size threatening the fovea. Intravenous indocyanine 

green enhanced transpupillary thermotherapy was used 

in all patients as described above, with treatment 

parameters as shown in Table 1. 

Treatment was repeated in 3 eyes after a mean 

interval of 2 months (range 4-15 weeks). The mean 

parameters used in the first session were a power of 

1070 mW (range 720-1250 mW), with a mean of 11 

applications for 1 min (range 8-12 applications) using a 

spot size of 3 mm. 

Table 2. Pre- and post-treatment visual acuity and ultrasound measurements 

Follow-up after 
Patient no. TTT (months) 

1 6 
2 12 
3 7 
4 3 
5 2 
6 4 

TTT, transpupillary thermotherapy. 

Visual acuity 

Before TTT After TTT 

6/5 
6/60 
6/9 
6/36 
6/18 

CF 

6/5 
6/18 
6/5 
6/36 
6/9 
4/60 

Elevation X diameter 

Before TTT After TTT 

3 x 8 mm Flat 
4.5 x 8 mm Flat 

2 X 6.5 mm Flat 
2 x 7 mm Flat 
3 x 9 mm Flat 
2 X 8 mm 1.2 X 6.4 mm 
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Fig. 1. (a) Colour photograph before treatment. (b) Early hyper fluorescence seen on the pre-treatment fluorescein angiogram. (c) Mid-transit of the 
pre-treatment fluorescein angiogram. (d) Late leakage seen on the pre-treatment fluorescein angiogram. (e) B-scan ultrasound scans before and after 
treatment. (j) Colour photograph of branch vein occlusion in treated area in one patient (arrow). (g) Colour photograph after treatment. (h) Early 
phase of fluorescein angiogram after treatment. (i) Mid-phase of fluorescein angiogram after treatment. (j) Late phase of fluorescein angiogram after 
treatment. (k) Early hyper fluorescence seen on indocyanine green angiogram before treatment. (/) Mid-transit diffuse fluorescence seen on 
indocyanine green angiogram before treatment. (m) Late central washout seen on indocyanine green angiogram before treatment. (n) Early phase of 
indocyanine green angiogram after treatment. (0) Mid-phase of indocyanine green angiogram after treatment. (p) Late phase of indocyanine green 
angiogram after treatment. 

Patients were followed up for a mean period of 6 

months (range 3-12 months). Following the treatment all 

eyes showed tumour regression (Table 2). 

At the last follow-up visit, tumour thickness was not 

measurable by ultrasound (Fig. Ie) in 5 eyes (83%) and in 

1 eye it had decreased from 2 mm to 1.2 mm (Table 2). 

Assessment of these eyes by fundoscopy showed a flat 

chorioretinal scar in 5 eyes (Fig. Ig) and, in 1 eye in 

which the tumour was close to the fovea, a mild 

persistent elevation. Post-treatment fluorescein 

angiography showed hypofluorescence, decrease or 

absence of leakage, and atrophic changes of the choroid 

(Fig. Ih-j). Intravenous indocyanine green also 

confirmed a decrease in tumour vasculature and 

sub-retinal fluid (Fig. In-p). 
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At the last follow-up visit, 4 eyes (67%) showed an 

improvement in Snellen visual acuity by 2 or more lines, 

and in 2 eyes (33%) vision remained stable (Table 2). 

No complications were noted at the time of treatment. 

However, following the treatment 1 eye developed a 

small branch retinal vein occlusion (Fig. If), and another 

eye had a transient worsening of pre-existing cystoid 

macular oedema, which resolved with oral non-steroidal 

anti-inflammatory drugs. 

Discussion 

Several treatment modalities for circumscribed choroidal 

haemangioma have been described in the past, including 

argon laser, plaque brachytherapy, external beam 

radiation and proton beam irradiation. The most widely 

used conventional treatment is argon laser 

photocoagulation?A.13 Although limited success has 

been reported with this treatment, a study by Sanborn 

et a/.4 raised the problems associated with argon laser 

photocoagulation, such as the need for repeated use of 

laser photocoagulation to decrease the sub-retinal fluid. 

Also the intense doses used in multiple sessions caused 

decreased visual acuity due to iatrogenic complications. 

Moreover, this study also reported a high tumour 

recurrence rate. In addition 70% of argon or krypton laser 

is absorbed by the retinal pigment epithelium, making it 

difficult to treat juxta-foveal lesions without incurring 

further damage to the fovea.14 

A recent study by Schilling et a/.6 described favourable 

results using low-dose lens-sparing external radiation. 

The therapeutic goal of this study was resorption of 

sub-retinal fluid rather than tumour destruction. A low 

dose of external irradiation of 20 Gy was used in 51 eyes. 

This study found that in about 39% of eyes visual acuity 

improved by more than 2 Snellen lines, in 22% it 

decreased whilst in 39% it remained stable. Sixty-four per 

cent of eyes in this series showed complete resolution of 

sub-retinal fluid over a period of 3-6 months, whilst 36% 

had residual sub-retinal fluid, and about 20% of cases 

required additional laser therapy. The functional success 

in this study was dependent on the lag duration between 

onset of symptoms and treatment. Radiation-induced 

side effects, such as cataract or retinopathy, were not 

reported. 

Zografos et aC reported similar results using tumour

destructive cobalt-60 brachytherapy in 41 symptomatic 

patients. Visual acuity was categorised on four different 

scales, and in two-thirds of cases an improvement by one 

or two categories was achieved over a period of 2 years. 

However, complete resolution of sub-retinal fluid with 

flat chorioretinal scar was noted in all cases. The overall 

outcome of this study was more or less comparable to 

that of the low-dose external radiation study, with about 

15% of cases requiring complementary laser therapy. 

Complications including actinic maculopathy, retinal 

telangiectasia and diffuse retinal oedema were reported 

in this series. Although success was defined on clinical 

and visual outcome, none of these studies had pre- and 

post-treatment indocyanine angiography as described in 

our series. 

Although both forms of radiation therapy produced 

favourable results with minimal complications, they each 

have their own disadvantages, such as irradiation of the 

whole eye with its related problems, the expense of the 

procedure, and the invasive nature of the surgery, with 

related surgical complications. Both techniques required 

hospital admission and 15-20% of cases required 

additional laser photocoagulation at a later date. 

The beneficial effects of diode laser (near-infrared 

wavelength) have been reported in some earlier 

studies.14,15 These studies have shown that because of its 

greater penetration (90%) of the optical media and 

minimal absorption (35%) by the retinal pigment 

epithelium, diode laser spares most internal retinal 

structures such as the retinal vessels, nerve fibre layer 

and internal limiting membrane from damage.16 

Therefore it may be assumed that diode laser can be less 

damaging than argon or krypton laser 

photocoagulation. I? 

The use of transpupillary thermotherapy in the 

management of circumscribed choroidal haemangioma 

has been reported recently.9-11 It acts by decreasing the 

size of the tumour and by stimulating resorption of 

sub-retinal fluid. Although the mechanism is not clear it 

is probable that the heat induced by the diode laser 

within the tumour leads to occlusion and thrombosis of 

the vascular channels. Occlusion of tumour vessels has 

been described in histopathological examination of 

choroidal melanoma treated with transpupillary 

thermotherapy.12.14 

Few cases of circumscribed choroidal haemangioma 

treated with transpupillary thermotherapy have been 

reported in the literature.9,IO Nevertheless, in these cases, 

multiple sessions of therapy were required for effective 

treatment, and the duration of burn required was many 

times longer than in our study. This problem could be 

partly related to the minimal heat absorption by the 

vascular and non-pigmented circumscribed choroidal 

haemangioma. As intravenous indocyanine green is a 

protein-bound dye and remains in the choroidal 

circulation, it facilitates greater heat absorption at the 

level of choroid.18 Although its use has been described by 

Shields et alY for the treatment of amelanotic melanoma, 

this is the first report of indocyanine green enhanced 

thermotherapy of circumscribed choroidal 

haemangioma. 

All patients in our series received intravenous 

indocyanine green 20 s prior to treatment, as described 

above. This allowed treatment to involve burns of 1 min 

duration, rather than the 3-6 min duration used without 

indocyanine greenY Also, only 50% of patients required 

re-treatment, and these required only a single re

treatment after a mean interval of 9 weeks. The tumour 

thickness in 2 of these eyes was greater than 4 mm and in 

1 eye treatment was repeated as the tumour extended 

subfoveally, and hence was treated with minimal 

applications requiring two sessions. 



Post-treatment results were encouraging: 83% of eyes 

had complete regression of tumour ultrasonographically 

with a visible flat chorioretinal scar on ophthalmoscopy. 

This was evident on fluorescein and intravenous 

indocyanine green angiography, which showed 

decreased leakage, hypofluorescence and loss of tumour 

vasculature. However, one eye, with an extensive 

circumscribed choroidal haemangioma with sub-foveal 

extension, showed partial regression on ultrasound, due 

to limitation of treatment to maintain foveal function. 

Visual acuity improved by more than 2 Snellen lines 

in 67% eyes, and remained stable in the remainder; none 

of the eyes dropped below their baseline visual acuity. 

These results are extremely encouraging when compared 

with the results of argon laser photocoagulation as 

reported in an earlier study.4 

Minimal and transient complications due to treatment 

were observed in only 33% of cases. In 1 eye there was a 

small branch macular vein occlusion over the surface of 

the tumour which did not cause any major visual 

problems (Fig. 1£). In another eye a transient worsening 

of cystoid macular oedema was observed which resolved 

with the use of oral non-steroidal anti-inflammatory 

drugs. Serious complications such as cellophane 

maculopathy, subretinal neovascularisation, persistent 

cystoid macular oedema and tumour recurrence, as 

described in earlier laser photocoagulation study,4 were 

not observed in this series. 

In this pilot study, indocyanine green enhanced 

thermotherapy was effective in causing tumour 

regression and thereby improving visual acuity in most 

of the eyes. The advantages of this treatment include the 

shorter duration of burns required compared with 

transpupillary thermotherapy without indocyanine 

green enhancement, cost-effectiveness, the ease of 

performing the treatment as an outpatient procedure, the 

need for fewer sessions of therapy, and less damage to 

inner retinal structures with minimal treatment-related 

complications compared with argon laser 

photocoagulation. A limitation of trans pupillary 

thermotherapy is its inability to treat peripherally 

situated tumours; however, as most circumscribed 

choroidal haemangiomas are situated in the posterior 

pole, and peripheral tumours are often asymptomatic, 

this factor may not be significant. 

This study is non-randomised and reports a small 

group of patients with a rare tumour. However, in the 

short term, indocyanine green enhanced trans pupillary 

thermotherapy appears to be an effective tool in the 

management of circumscribed choroidal haemangioma. 

Its longer-term effects will be evaluated in larger 

prospective trials. 
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