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A B S T R A C T   

Purpose: To report the impact of intravitreal anti–vascular endothelial growth factor (VEGF) therapy on a retinal 
capillary hemangioma (RCH) using clinical OCT angiography (OCT-A) in addition to standard imaging 
modalities. 
Observations: A 25-year-old male patient with Von Hippel-Lindau (VHL) disease presented with a history of 
bilateral RCH. No view was present in the right eye. Examination of the left eye revealed six peripheral RCH, the 
smallest of which was temporal to the macula with active exudation. This RCH was thought to be the source of 
cystoid macular edema (CME) involving the fovea, and therefore, the source of vision decline. 11 injections of 
1.25mg of Bevacizumab EA across 14-month was given. Comparison of the pre- and post-treatment OCT-A at the 
temporal RCH showed a reduction of CME and regression of RCH. 
Conclusion: Anti-VEGF therapy appeared to stabilize the visual acuity and produce partial regression of RCH. It 
offers a safe option when visual acuity is threatened. OCT and OCT-A have the ability to document the impact of 
antiangiogenic therapy on RCH. 3D renderings of OCT-A offer enhanced sensitivity to recognition of structural 
and functional changes of RCH which may prove useful for monitoring treatment response.   

1. Introduction 

Von Hippel-Lindau (VHL) disease is an autosomal-dominant disorder 
with variable penetrance and expression that is caused by mutations of 
the VHL gene, a tumor suppressor gene located on the short arm of 
chromosome 3.1 Aside from developing retinal capillary hemangiomas 
(RCHs), the earliest and most common manifestation the disease,2 in
dividuals with VHL disease also have a high incidence of systemic 
neoplasms, including renal cell carcinoma, central nervous system 
hemangiomas and pheochromocytomas.3 

Despite its non-malignant nature, RCH can produce clinical com
plications that affect vision such as macular edema, exudative retinal 
detachment, vitreous hemorrhage and neovascular glaucoma.4 RCH in 
VHL usually presents as a unilateral solitary tumor; however, up to 
one-third of patients may have multiple retinal hemangiomas, and half 
of the patients may present with bilateral involvement.5 RCH lesions can 
grow on the optic nerve head, within the juxtapapillary area, or in the 
peripheral retina, occurring most commonly at the temporal peripheral 

retina.6 

The clinical features of RCH are characteristic and diagnosis can 
generally be made based upon ophthalmoscopic appearance. The RCH is 
typically a well circumscribed, round bulging lesion with a red to orange 
color.5 Fluorescein angiography (FA), the most used diagnostic test 
owing to the high degree of vascularity in these tumors, demonstrates 
early hyperfluorescence with variable late staining and leakage. FA is 
also helpful in differentiating feeding arterioles from draining venules in 
cases where ablative treatment is indicated.7 Shortcomings of FA 
include its invasive nature, its inability to identify level of retinal 
involvement; and in some cases, due to profuse leakage, inability to 
define the precise location of the tumor. Other imaging modalities for 
the study of these vascular tumors include ultrasonography, optical 
coherence tomography (OCT) and optical coherence tomography angi
ography (OCT-A). Ultrasonography is helpful in the presence of opaque 
media, and can be useful in determining overall tumor dimensions, in
ternal reflectivity of the lesion as well as the presence of subretinal 
fluid.8 OCT is useful in detecting any RCH-associated subretinal fluid or 
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macular edema and in accurately measuring foveal thickness particu
larly in cases where treatment response is being assessed.9 

OCT-A, an emerging technology, has been increasingly used for 
evaluating retinal vascular diseases. Given its noninvasive nature, its 
ability to visualize retinal capillary networks at multiple levels, and 
ability to analyze blood perfusion, OCT-A can be considered an adjunct 
to traditional imaging methods.10 However, due to its small field of view 
and reports of motion artifacts, OCT-A requires repeated imaging and 
patient cooperation and is often unable to image more peripheral 
lesions.11 

In this case report, we demonstrate the effect of antiangiogenic 
therapy on a RCH temporal to the macula, using multimodal imaging 
including OCT and OCT-A. Additionally, we show how 3-D reconstruc
tion of OCT-A volumes enhances appreciation of treatment impact. 

2. Case report 

A 25 year-old monocular male with history of VHL disease and 
bilateral RCH presented initially with complaint of vision loss in his left 
eye. The patient had a history of multiple previous retinal surgeries in 
his right eye since age 13, reportedly due to complications from RCH. On 
the initial exam, best corrected visual acuity (BCVA) was no light 
perception (NLP) in his right eye (OD) and 20/40 in his left eye (OS). 
Intraocular pressure (IOP) OD was 41 mmHg, and OS was 14 mmHg. 
Anterior segment exam OD revealed an irregular ocular surface with 
band keratopathy, and anterior and posterior iris synechiae. The lens 
was opaque and there was no view to the fundus. B-scan ultrasonogra
phy revealed a silicone oil-filled vitreous chamber. Anterior segment 
exam OS was unremarkable. Dilated fundoscopy revealed macular 
thickening, and six RCH (Fig. 1), the smallest of which was temporal to 
the macula (Fig. 1, arrow). In the described RCH, two retinal arterioles 
appeared to feed the lesion, and there was one dilated draining venule 
(Fig. 2, A1). Arteriovenous connection was not immediately evident due 
to a robust network of blood vessels within the lesion. FA showed early 
hyperfluorescence, with staining and leakage during the late phase 
(Fig. 2, A2 & A3). EDI-OCT scan (Spectralis OCT2, Heidelberg Engi
neering Inc., Heidelberg, Germany) through the vascular lesion (Fig. 2, 

A4), showed an isoreflective vascular mass involving multiple retinal 
layers with surrounding intraretinal cysts. The width of the RCH was 
1349 μm. EDI-OCT through the macula (Fig. 3, A1) showed intraretinal 
cystoid edema, with a central macular thickness of 414 μm. Active fluid 
exudation from this RCH was thought to be the source of cystoid macular 
edema (CME) involving the fovea, and therefore, the source of vision 
impairment. 

Given the patient’s monocular status and the size and location of the 
RCH, ablative therapy was deferred, and treatment with anti-vascular 
endothelial growth factor (VEGF) injections was pursued, with pa
tient’s consent. Intravitreal bevacizumab (Avastin® 1.25 mg in 0.05 cc) 
was initiated, with 11 subsequent injections across a 14-month time 
interval. At the last recorded visit, the patient’s visual acuity had 
improved to 20/20. A less congested appearance of the RCH temporal to 
the macula with some areas of fibrosis was observed (Fig. 2, B1). FA 
suggested smaller blood vessels network within the lesion and less 
leakage (Fig. 2, B2 & B3). On the EDI-OCT through the lesion, less CME 
and surrounding exudation was seen, and the lesion itself appeared 
smaller, with a width of 1163 μm (Fig. 2, B4). On the EDI-OCT of the 
macula, the CME was resolved with central macular thickness of 277 μm 
(Fig. 3, B1). 

For a better visualization of the spatial relationship between the 
retina and its capillary networks, ten sequential 3 × 3 mm scans 
centered at the RCH temporal to the macula (first location) and fovea 
(second location) were taken during the first visit and at 14 months 
follow-up using an OCT-A device (Avanti RTVue-XR; Optovue, Fremont, 
CA, USA). Image registration and averaging was performed using 
ImageJ12 (ImageJ, U.S. National Institute of Health, Bethesda, Mary
land, USA). In the RCH temporal to the macula, the regression was 
noticeable and revealed 3 feeder arterioles which appeared to anasto
mose within the lesion. (Fig. 2, B5 & B6). OCT-A images centered at the 
fovea (Fig. 3, A2 and B2) showed consistent vasculature with no 
apparent capillary dropout but a somewhat larger foveal avascular zone 
(FAZ) at the last follow-up thought to be due to flattening of the macula 
with resolution of the CME. 

3-D rendered OCT-A volumes of the RCH were generated using 
MIPAV (Medical Image Processing, Analysis, and Visualization, version 
10.0.0; US National Institutes of Health, Bethesda, Maryland, USA). 
Compared to the initial visit (Video 1), the rendered volume at the RCH 
temporal to the macula showed a decrease in the size and flow prefer
entially in the center of the lesion at the last visit. (Video 2). Close 
observation and periodic follow-ups were recommended to the patient, 
with continued anti-VEGF injections to maintain the improvement. 

3. Discussion 

Here we demonstrate the impact of intravitreal bevacizumab on 
exudation due to VHL-related RCH. Treatment of RCH is based upon 
tumor size, location, presence of subretinal fluid, traction, and visual 
acuity. Observation alone is warranted for small-sized lesions, in the 
absence of exudation, and in cases where visual acuity is not threat
ened.13 For larger tumors and those cases where visual acuity is 
threatened, treatment modalities including laser photocoagulation,14 

cryotherapy,15 photodynamic therapy,16 brachytherapy,17 and various 
other vitreoretinal procedures18 including intravitreal anti-VEGF in
jections19 have been employed. 

VHL pathogenesis is due to the inability of affected cells to degrade 
hypoxia-inducible factors in the presence of oxygen, resulting in the 
overproduction of VEGF and other hypoxia-inducible factors.7 More
over, a pan-retinal effect has been hypothesized in patients with VHL 
disease even in the absence of RCH. In a recent study by Lu et al.,20 a 
significant increase in vessel density was found in the macula of patients 
with VHL disease for both superficial capillary plexus and deep capillary 
plexus on OCT-A, consistent with the pathogenesis of tumor develop
ment in VHL. Furthermore, peripheral non-perfusion, capillary telangi
ectasia and capillary leakage have been reported using ultra-wide field 

Fig. 1. Wide-field color fundus photo of a 25-year-old male patient with Von 
Hippel-Lindau disease showing six retinal capillary hemangioblastomas in the 
left eye. Arrow indicates a retinal capillary hemangioma (RCH) temporal to the 
macula imaged before and after anti-VEGF treatment with OCT and OCT-A. 
(For interpretation of the references to color in this figure legend, the reader 
is referred to the Web version of this article.) 
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Fig. 2. A) Pre-treatment and B) 14 months follow-up evaluation of the RCH temporal to the macula. A1 & B1) Magnified color fundus photos of the RCH as indicated 
in Fig. 1. A2 & B2) Early phase fluorescein angiograms. A3 & B3) Late phase fluorescein angiograms. A4 & B4) EDI-OCT scans through the RCH shows regression of 
the RCH post-treatment. A5 & B5) Maximum intensity projection OCT-A. A6 & B6) Color-coded depth OCT-A. The vascular lesion presented with a robust network of 
blood vessels and a central elevation (A6, arrow). Two retinal arterioles appeared to enter to the lesion with one large draining venule. Arteriovenous connection was 
not visible. A = feeder arteriole; V = venule. RCH regression was noticeable post-treatment, revealing three feeder arterioles (B6, arrow heads) which appeared to 
anastomose within the lesion. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.) 
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FA, indicating stimulation of the vascular bed toward angiogenesis in 
the presence of hypoxia with consequent VEGF production.21 To counter 
these conditions, some highly upregulated molecules, such as VEGF and 
platelet-derived growth factor (PDGF), have been targeted in systemic22 

and ocular VHL therapies.19 Reported outcomes of treatment have been 
mixed, suggesting that the efficacy of anti-angiogenic agents in VHL is 
less than complete. 

Francis et al.23 reported two cases of treatment-refractory juxtapa
pillary RCH managed with intra-arterial infusions of bevacizumab 
administered through the ophthalmic artery, showing a decrease in 
height (measured by ultrasonography) of the tumors, and showing sta
bility of treatment effect over two years of follow-up. Wackernagel 
et al.22 tested systemic bevacizumab in a single patient. Improvement in 
macular edema and visual acuity was demonstrated; however, new 
RCHs formed despite the systemic treatment. Dahr et al.24 tested intra
vitreal pegaptanib sodium in patients with VHL disease and juxtapa
pillary or large extrapapillary RCH. While pegaptanib sodium decreased 
RCH-associated exudation, it did not affect the tumor size. Wong et al.25 

tested intravitreal Ranibizumab in five patients with RCH not amenable 
or responsive to standard treatments. Mean change in visual acuity was a 
decrease of 9 (±20) letters, and there was no consistent improvement in 
RCH exudation or tumor size. 

As demonstrated in previous reports, there is a great variability in the 
response to anti-VEGF treatment. Wang et al.26 found that this might be 
conditioned by the regulation of hypoxia-inducible factors (HIF); spe
cifically, upregulation of HIF2α could potentially contribute to the 
aggressive course of RCH, resulting in the resistance to multiple 
anti-VEGF injections and other therapies in some patients. 

Previously, outcome measures of response to treatment have con
sisted of visual acuity and lesion appearance on OCT and FA. In this case 
report, we demonstrated that OCT-A is able to show treatment effects in 
RCH. Given the proximity of the tumor to the macula and good coop
eration of the patient, we were able to obtain high quality OCT and OCT- 
A images. Changes in OCT features, such as resolution of macular edema 
and reduction in the tumor exudation served as an early indication of 
response to therapy, and reduction in the flow and vascular network 
using OCT-A provided a better appreciation of the response to anti
angiogenic treatment in this vascular tumor. 

Prior reports of OCT-A in RCH have shown its utility in identifying 
lesions close to the posterior pole, particularly on juxtapapillary tu
mors.9,11,27 Russel et al.,27 described the use of OCT-A for the diagnosis 
and longitudinal management of a patient with exophytic juxtapapillary 
RCH treated with two injections of anti-VEGF, noticing decreased 
vascular congestion and macular edema 1–2 weeks after treatment, but 
with subsided effects after 8 weeks. 

In our patient, we observed durable changes after longer follow-up 
and higher doses of anti-VEFG. This suggests that more frequent or 
higher dosing of antiangiogenic agents may be capable of inducing long- 
lasting regression of vascular congestion and macular edema in these 
lesions. 

Additional studies assessing the dose, the quantity of injections, and 
the route of administration may help elucidate the requirements for 
antiangiogenic therapies of RCH. Our findings demonstrate the potential 
contribution of OCT-A to multimodal imaging of treatment outcomes in 
RCH and other vascular tumors. 

4. Conclusion 

RCH is a common condition in patients with VHL. Although treat
ment outcomes of anti-VEGF for RCH are mixed and the standard 
treatment of small-size lesions has traditionally relied upon ablative 
therapy, anti-VEGF maintenance offers a safe option when visual acuity 
is threatened. OCT-A is an imaging modality which may be an effective 
addition to standard methods for assessing of therapy effectiveness in 
RCH, if the location of the tumor and cooperation of the patient make it 
possible. 3D renderings of OCT-A can be used to enhance appreciation of 
subtle treatment responses for RCH and other vascular pathologies. 

Patient consent 

Written informed consent was obtained from the patient. This report 
does not contain any personal information that could lead to the iden
tification of the patient. 

Fig. 3. A) Pre-treatment and B) 14 months follow-up evaluation of the macula. A1 & B1) EDI-OCT scans centered at the fovea shows reduction of cystoid macular 
edema (CME) post-treatment. A2 & B2) Averaged OCT-A images at the macula shows consistent vasculature with no apparent capillary dropout but a somewhat 
larger foveal avascular zone (FAZ) at the last follow-up thought to be due to flattening of the macula with resolution of the CME. 
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