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Purpose: To study the clinical presentation and treatment outcomes of indocyanine green‑enhanced 
transpupillary thermotherapy  (ICG‑TTT) for treatment‑naïve juxtapapillary retinal capillary 
hemangioblastoma (JRCH). Methods: A prospective interventional case series. The technique involved ICG 
dye infusion 45 seconds prior to application of TTT. The main study outcomes were local tumor control, 
resolution of subretinal fluid (SRF), and improvement in best‑corrected visual acuity (BCVA). Results: Eight 
eyes of seven patients (5 males and 2 females) were included. The mean age was 26 years (range: 5–56 years). 
Systemic evaluation revealed von‑Hippel Lindau  (VHL) disease in five patients. The most common 
location was the temporal aspect of the optic disc (5 eyes). The mean basal diameter was 2.9 mm (range: 
1–8  mm), and tumor thickness was 1.4  mm  (range: 1–4  mm). All eight eyes were treated with multiple 
sessions of ICG‑TTT (mean: 3 sessions). Six eyes received adjuvant intravitreal injection of dexamethasone 
implant  (4 eyes) and/or bevacizumab (4 eyes). Post treatment, six eyes  (75%) had tumor regression with 
reduction of SRF. One eye had a partial response with persisting SRF, and one eye showed poor response to 
TTT for which external beam radiotherapy was performed. At the last follow‑up (median: 11 months; range: 
6–29 months), the BCVA remained stable in seven eyes and improved in one eye (hand motion to 20/40). 
Conclusion: Multiple ICG‑TTT sessions can be considered as an alternative treatment option for JRCH with 
effective local tumor control and SRF resolution.
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Retinal capillary hemangioblastomas  (RCH) are benign 
retinal vascular tumors presenting as round, sessile 
orange‑red vascular lesions in the mid‑peripheral retina 
or rarely in the juxtapapillary area.[1,2] They can manifest 
either sporadically or as a part of von Hippel–Lindau (VHL) 
syndrome.[3] Juxtapapillary RCH (JRCH) are small nodular 
vascular hamartomas seen over the optic disc or located in 
the juxtapapillary region. Isolated RCH is usually stable 
and unassociated with vision‑threatening complications and 
hence can be safely observed.[4] However, RCH associated 
with VHL is usually progressive and complicated by 
associated vitreous hemorrhage, secondary exudative retinal 
detachment due to tumor exudation, or tractional retinal 
detachment due to glial proliferation around the tumor.[3,5] 
Because of their location, JRCH are easily misdiagnosed 
before they exhibit endophytic growth protruding into the 
vitreous cavity, resulting in visual impairment secondary to 
macular exudation, subretinal fluid accumulation, macular 
edema, epiretinal membrane formation, and exudative or 
tractional retinal detachment.[6]

Va r i o u s  t r e a t m e n t  m o d a l i t i e s  s u c h  a s  l a s e r 
photocoagulation, photodynamic therapy, transpupillary 

thermotherapy (TTT), or a combination of these modalities 
along with the use of intravitreal agents have been tried for 
small tumors located at the posterior pole.[7‑11] The treatment 
for JRCH is challenging due to collateral laser‑induced 
damage to the optic nerve and surrounding retinal blood 
vessels. Photodynamic treatment with/without the use of 
intravitreal antivascular endothelial growth factor  (VEGF) 
has been the standard of care for the treatment of JRCH with 
good anatomical and functional outcomes.[12‑14] However, 
with the current unavailability of verteporfin dye in 
many countries, we explored the option of indocyanine 
green‑enhanced TTT  (ICG‑TTT), which would enable a 
more selective vascular occlusion with less damage to the 
optic disc. ICG‑TTT has been in use for treatment of various 
intraocular tumors such as RCH, choroidal hemangioma, 
retinoblastoma, and choroidal melanoma with good tumor 
control and dose‑dependent decrease in TTT fluence 
threshold as compared to standard TTT.[10,15‑19]

In this study, we aimed to report the clinical presentation 
and investigate the efficacy and safety of ICG‑TTT in a series 
of patients diagnosed with JRCH.
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Methods
Study patients
Institutional review board approval was obtained for this study. 
A prospective, interventional, treatment‑naive case series of 
patients diagnosed with JRCH at a tertiary eye institute from 
May 2019 to October 2022 were included in this study. The 
diagnosis was based on a combination of past medical and/
or family history of VHL disease, clinical examination, and 
use of ancillary imaging studies such as fundus photography, 
fluorescein angiography, optical coherence tomography, and 
ultrasonography.

Patient characteristics
The following baseline demographic features were recorded for all 
patients: age, gender, location of the tumor in relation to the optic 
disc, and presenting best‑corrected Snellen’s visual acuity. Tumor 
dimensions, including the base diameter and height of the lesion, 
were estimated during clinical examination and confirmed using 
B‑scan ultrasonography. Optical coherence tomography (OCT) 
scan was performed over the tumor to study its configuration, 
involvement of retinal layers, growth pattern  (endophytic or 
exophytic), and presence of associated features such as subretinal 
fluid  (SRF), macular edema, and tractional maculopathy. 
Fluorescein angiography was performed to demonstrate the 
leakage pattern of the lesion as well as detect any subclinical small 
lesions located at the posterior pole or in the periphery.

Treatment regimen
All the patients were treated with ICG‑TTT along with 
anti‑VEGF injection or dexamethasone implant depending 
on the tumor location and presence of macular SRF. The 
dosage was calculated based on 0.5  mg/kg of body weight. 
Under sterile conditions, 2‑mL ICG dye (Aurogreen injection, 
Aurolabs, India) was injected 45 seconds prior to the application 
of TTT  (Iris Medical OcuLight SLx; Iridex Corporation, 
Mountain View, CA, USA). Laser settings were adjusted to 
give retinal greying over the tumor area following 1‑minute 
exposure time by using a spot size of 1.2 mm and power ranging 
300–400 mW. The final endpoint was graded in terms of SRF 
resolution at the macula and reduction in tumor thickness. The 
patients were examined at 6–8 weeks intervals post laser for 
determining the tumor response, resolution of SRF, and need 
for additional interventions. Complete response was defined 
as a reduction in tumor thickness with or without scarring/
fibrosis and absence of SRF; partial response was defined as 
the presence of SRF at the macula with minimal reduction 
in tumor thickness. At the last follow‑up, final visual acuity 
and multimodal imaging using fundus photography and 
OCT were performed to document and grade the treatment 
response. Treatment‑related complications such as an increase 
in tumor thickness, persistent or recurrent SRF, exudative 
retinal detachment, and foveal atrophy were noted at the last 
follow‑up.

Outcome measures
The main outcome measures were local tumor control, SRF 
resolution, and final visual acuity at the last follow‑up.

Results
Eight eyes of seven patients (5 males and 2 females) diagnosed 
to have JRCH were included in the study. The mean age 

at presentation was 26  years  (median: 24  years; range: 
5–56 years). Bilateral RCHs were seen in five patients (71%), 
of which one patient had bilateral JRCH, while in the other 
four eyes, one eye had small focal RCH and three eyes were 
pre‑phthisical. A positive finding of VHL disease was seen in 
five patients (71%). The most common presenting complaint 
was diminution of vision  (100%) and floaters  (29%). Patient 
characteristics and clinical features are described in Table 1.

The most common tumor location was on the temporal 
aspect of the optic disc (5 eyes), while in two eyes, the tumor 
extended >270° in the parapapillary area. Tumors exhibited 
endophytic growth in four eyes and exophytic growth in four 
eyes. The mean largest basal diameter was 2.9  mm  (range: 
1–8 mm) and tumor thickness was 1.4 mm (range: 1–4 mm). 
The best corrected visual acuity ranged from no perception of 
light (NPL) to 20/20. OCT demonstrated involvement of outer 
retinal layers in four eyes, with the presence of SRF involving 
the macula in all eight eyes (100%). Fluorescein angiography 
performed in four eyes showed extensive peripapillary leakage 
and pooling in the macular area in the late phases.

All eight eyes were treated with multiple sittings of ICG‑TTT 
after a minimum interval of 6–8 weeks. A mean of three sessions 
of TTT was required during the study for tumor control (range: 
1–7 sessions). Of the eight eyes, six eyes received adjuvant 
intravitreal injections, including anti‑VEGF  (bevacizumab) 
in four eyes and intravitreal dexamethasone implant in two 
eyes [Table 2]. Post treatment with multiple sittings of ICG‑TTT, 
regression of the tumor with resolution of SRF was seen in 
six eyes (75%). In two patients (case no. 2 and 3), because of 
the larger size of the tumor and exudative fluid, there was a 
suboptimal treatment response with persistent SRF. At the 
last follow‑up (median: 11 months; range: 6–29 months), the 
best corrected visual acuity remained stable in seven eyes and 
improved in one eye (hand motion to 20/40). The representative 
case illustrations showing the fundus photograph and OCT are 
highlighted in Figs. 1a‑l, 2a‑h, 3a‑h, and 4a‑h.

Discussion
The longitudinal progression of retinal capillary hemangiomas 
over the course of the disease has been shown to result in 
progressive loss of vision, usually from exudation, macular 
edema, serous retinal detachment, or secondary glial 
proliferation leading to epiretinal membrane formation or 
tractional maculopathy.[5,6,20]

The prevalence of JRCHs has been reported to be between 
15% and 20% among VHL patients, with a higher likelihood 
in younger patients.[6,21] In our series, of the eight eyes, four 
patients  (5 eyes) with VHL disease had JRCH  (71%), with 
one having bilateral JRCH. The mean age of presentation in 
our series was 26 years (median: 24 years), with the youngest 
patient being 5 years. Both patients 2 and 3 (aged 5 and 11 years, 
respectively) had a large JRCH involving more than 270° of the 
parapapillary retina. The majority of JRCH affects the temporal 
aspect of the optic nerve, thereby leading to serous macular 
detachment and progressive loss of vision.[1,6] In our series 
also, the most common tumor location was on the temporal 
aspect of the optic disc (63%), with associated retinal features 
of macular exudation and edema seen in seven eyes and serous 
detachment in all eight eyes. The tumor growth pattern was 
endophytic and exophytic in four eyes each with exophytic 
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tumors associated with larger base diameter and thickness and 
exudative retinal detachment.

The treatment for JRCH remains challenging particularly 
due to its anatomic location close to the optic disc, macula, and 
major retinal blood vessels as well as less clearly defined efferent 
and afferent feeder vessels. Various treatment modalities such 
as observation, laser photocoagulation, TTT, photodynamic 
therapy, anti‑VEGF, and intravitreal steroid injections in 
combination or alone have been tried with limited success. 
Laser photocoagulation is used to treat small tumors of up to 
1.5 mm in the peripheral retina but carries additional risk for 
JRCH because of its proximity to the optic nerve and macula, 
leading to a large central scotoma in the visual field. Because of 
inadvertent collateral damage to surrounding structures, PDT 
due to its selective vascular occlusion of tumor vessels is the 
standard of care for treatment of JRCH. Studies have reported 
good anatomical and functional outcomes following the use of 
PDT for the treatment of JRCH.[8,12,13,22] However, since July 2021, 
a worldwide shortage of verteporfin  (Visudyne®) occurred, 

resulting in a major impact on the care of ophthalmic patients 
across the world, thereby disrupting the treatment option of 
PDT.[23] As an ocular oncologist, we felt an urgent need to look 
for alternative treatment strategies for various intraocular 
tumors such as choroidal hemangioma, choroidal melanoma, 
and JRCH. TTT, a modified laser photocoagulation technique, 
has been tried in the past for the treatment of RCH by using a 
low‑level heat and a modified diode laser.[10,11,24‑26] TTT works 
on the principle of thermotherapy and not direct coagulation 
of tumor vessels, as seen with argon laser photocoagulation. 
The effect of thermotherapy leads to the dilation of capillaries 
and an increase in exudation, which is not a desirable effect; 
hence, very high power (500–1200 mW) is needed to prevent 
such complications. However, the high‑power usage of TTT, 
especially for JRCH, would damage the sensory retina and 
increase retinal traction, thereby compromising final visual 
acuity. ICG‑enhanced TTT has been tried in the past for the 
treatment of choroidal neovascularization and small choroidal 
melanomas with good efficacy and safe outcomes.[15,16,25,27] 
ICG increases the laser uptake within the tumor without 

Table 2: Treatment and visual outcomes

Patient Eye TTT parameters Number of 
ICG‑TTT 
sessions

Adjuvant treatment: 
first line

Treatment response At 
presentation 

BCVA

Final 
BCVA

Follow‑up 
(months)

Power 
(mW)

Counters 
(1 min 

duration)

Tumor OCT 
feature 
(SRF)

1 BE 350 RE‑ 9
LE‑ 5

2 Intravitreal 
Bevacizumab (BE)

Regressed 
(BE)

Reduced RE‑ 20/60
LE‑ 20/20

RE‑ 20/60
LE‑ 20/25

6

2 LE 350 17 7 Intravitreal 
dexamethasone implant 

Partial Persisting LE‑ CF CF LE‑ HM 15

3 LE 400 15 2 Intravitreal 
dexamethasone implant

Partial Persisting LE‑ CF CF LE‑ CF 
CF

11

4 LE 300 6 3 Intravitreal 
dexamethasone implant

Regressed Reduced LE‑20/20 LE‑ 20/20 6

5 LE 300 8 1 None Regressed Reduced LE‑20/20 LE‑ 20/20 29

6 RE 300 9 2 None Regressed Reduced RE‑ HM RE‑ 20/40 10
7 LE 400 2 2 Intravitreal bevacizumab Regressed Reduced LE‑ 20/20 LE‑ 20/20 11

M: male; F: female; BE: both eyes; RE: right eye; LE: left eye; SRF: subretinal fluid; BVCA: best‑corrected visual acuity; CF CF: countinf fingers close to face; 
HM: hand motions

Table 1: Demography and clinical presenatation of juxtapapillary retinal capillary hemangioblastoma (JRCH)

Patient Age 
(years)

Gender Eye VHL 
disease

Growth Tumor 
dimensions 

(mm)

Optic disc 
involvement

Angiographic 
features

OCT features

Subretinal 
fluid

Macular 
edema

1 34 M BE Yes RE‑Endophytic
LE‑Exophytic

RE‑ 3×2.5×2
LE‑ 2×1.5×1

RE‑Inferotemporal 
LE‑nasal 

Early and late 
leak 

Yes (BE) Yes 
(BE)

2 5 F LE Yes Exophytic LE‑ 8×7 × 4 >270‑degree 
involvement

Peripapillary 
leakage

Yes Yes

3 11 M LE No Exophytic 4×3.5×2.5 >270‑degree
involvement

Not done Yes Yes

4 28 M LE Yes Endophytic 2×2 × 1 Temporal Peripapillary 
leakage

Yes Yes

5 24 F LE Yes Exophytic 1.5×1 × 1 Temporal Not done Yes No

6 56 M RE No Endophytic 3×2 × 2 Superotemporal Not done Yes Yes
7 22 M LE Yes Endophytic 1.5×1 × 1 Inferotemporal Peripapillary 

leakage
Yes No

M: male; F: female; BE: both eyes; RE: right eye; LE: left eye
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increasing the laser intensity, thereby minimizing the diffuse 
heat generation from the RPE. In our study, we used a very low 

power (300–400 mW) and used the ICG dye as a photosensitizer 
to achieve the desired effect without causing any collateral 

Figure 1: (a–l): A 34‑year‑old male presented with bilateral JRCH with macular edema with BCVA of 20/60 and 20/20 in OD and OS, respectively. 
Fluorescein angiography (FA) demonstrated early hyperfluorescence of the tumor vessels and progressive leakage in the late phase of the 
angiogram, as shown in Figs. 1(b), 1(c), 1(h), and 1(i). He underwent ICG‑guided TTT with intravitreal bevacizumab in both eyes. At 6 weeks 
follow‑up, SRF was persisting; hence, a repeat sitting of ICG‑TTT with intravitreal dexamethasone implant was given. At 12 weeks, the BCVA 
was stable with complete resolution of SRF and tumor control
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Figure 2: (a–d): A 5‑year‑old girl presented with small focal peripheral RCH in the right eye and a large JRCH involving >270° of parapapillary area 
with SRF. Her BCVA was 20/30 in the right eye and CF CF in the left eye. There was complete regression of lesion in the right eye following one 
sitting of TTT, while multiple ICG‑TTT sessions (a total of 7) were required for the left eye every 8–10 weeks interval along with intravitreal injection 
of dexamethasone. At the last follow‑up, the BCVA remained stable with partial regression of lesion and persisting SRF. (e–h): An 11‑year‑old 
boy presented with a large JRCH in the left eye. At presentation, his BCVA was CF CF in the left eye. He underwent one sitting of ICG‑TTT with 
intravitreal bevacizumab, following which there was increase tumor exudation and massive inferior exudative retinal detachment. Considering 
the size, location, and inferior exudative RD, he was referred for external beam radiation treatment (EBRT). At 2 months post treatment, BVCA 
remained stable with resolving exudative RD and partial tumor regression
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Figure 3: (a–d): A 28‑year‑old male presented with a small JRCH in the left eye. His BCVA was No PL in the right eye and 20/20 in the left eye. 
He underwent three sittings of ICG‑TTT with an intravitreal dexamethasone implant in the left eye at an interval of 2 months. At the last follow‑up, 
the tumor showed regression with resolution of SRF and stabilization of vision. (e–h): A 24‑year‑old female was diagnosed to have left eye JRCH 
with presence of SRF and intraretinal fluid. Her BVCA was No PL in the right eye and 20/20 in the left eye. She was treated with one sitting of 
ICG‑TTT, following which the tumor remained stable with resolution of SRF and stable vision
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damage to the surrounding structures. Costa et al.[28] studied 
the effects of photodynamic therapy by using ICG and 810‑nm 
light irradiation on the choriocapillaris and retinal pigment 
epithelium at different threshold levels with a power of 
230  mW/cm2 that caused laser‑induced endothelium‑bound 
intraluminal photothrombosis, with no obvious alteration 
in retinal and choroidal architecture and minimal loss of 
visual cells, whereas power density  >630  mW/cm2 caused 
choriocapillaris occlusion and endothelial cell cytoplasmic 
alteration with disruption of retinal pigment epithelium 
cells and photoreceptor outer segment. Similarly, Peyman 
et  al.[18] demonstrated that intravenous ICG pretreatment 
can reduce the TTT threshold fluence and irradiance needed 
to create angiographically visible lesions in normal rabbit 
choriocapillaris. Kim et al.[29] studied the effect of thermal injury 
to the optic nerve head by using TTT, which led to increased 
expression of heat shock proteins (Hsps), thereby demonstrating 
a neuroprotective effect of TTT on retinal ganglion cells.

In our series, six eyes (75%) showed tumor regression with 
resolution of SRF following a mean of three sessions of TTT. 
These results are comparable to PDT treatment, which has 
shown excellent tumor control and good visual outcomes.[8,13,14] 
A recent study of nine cases highlighted the use of PDT for 
the treatment of JRCH, wherein tumor control was achieved 
in seven of nine tumors (78%), with subretinal fluid resolution 
in six of nine eyes (67%) and stable or improved visual acuity 
in seven of nine eyes  (78%).[12] In our series also, BCVA 
remained stable in seven eyes  (88%) and improved in one 
eye till last follow‑up. Recent studies have shown increased 
VEGF expression in patients with RCH, thereby exploring the 
use of adjuvant anti‑VEGF injections in the treatment of RCH 
and its associated tumor‑related sequelae such as macular 
edema, SRF, or exudation.[12,30‑33] However, the long‑term 
results have been variable with a transient reduction in SRF. In 
our series, six eyes received adjuvant intravitreal injections of 
either anti‑VEGF (4 eyes) or sustained‑release dexamethasone 
implant  (4 eyes) at various time points, showing temporary 
reduction in the SRF and macular edema. Unfortunately, in 
two of our patients, there was a dramatic increase in SRF post 
ICG‑TTT despite receiving adjuvant intravitreal injections. 
This has been reported previously related to an increase in 

intraocular tumor leakage  (exudative response) following 
laser or PDT treatment.[12,34] One of our patients had massive 
exudative retinal detachment following two sessions of 
ICG‑TTT and hence was referred for external beam radiation 
treatment  (22.5  Gy dose delivered in 7.5  Gy/fraction). At 
3 months follow‑up, the tumor showed partial tumor regression 
with resolution of exudative detachment.

This study has several limitations, including a small sample 
size and surgeon‑related variability of treatment combinations. 
TTT is known to cause damage to the optic nerve and macula 
structures; however, we have not performed optic nerve 
function tests such as HVF, which could have provided 
some insights related to ONH function, and we accept this 
as a limitation of the paper. Considering the rare nature and 
presentation of JRCH, this prospective interventional case series 
highlights the clinical presentation and treatment outcomes. 
Furthermore, our series provides a novel opportunity to 
study the efficacy of ICG‑TTT in a prospective cohort of 
treatment‑naïve patients.

Conclusion
In this prospective interventional case series, we analyzed 
the potential use of multiple sessions of ICG‑TTT along with 
adjuvant anti‑VEGF agents as an alternative treatment option 
for JRCH with effective local tumor control, SRF resolution, and 
vision stabilization. However, larger tumors associated with 
severe exudation and leakage have an overall poor prognosis. 
In the future, larger studies are necessary to study the long‑term 
outcomes of this novel treatment.
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