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� PURPOSE: To evaluate the potential benefit and risk of
proton beam therapy in the treatment of symptomatic
retinal papillary capillary hemangioma.
� DESIGN: Retrospective interventional case series.
� METHODS: This study included patients presenting
with symptomatic exudative retinal papillary capillary
hemangioma with or without association with von
Hippel–Lindau disease. All patients were treated either
as a first or a secondary treatment option by proton
beam therapy between 2001 and 2009. The minimum
follow-up was 30 months.
� RESULTS: Eight eyes of 8 patients (3 male and 5 female,
with a mean age of 36 years [range 22–80 years]) were
treated for symptomatic papillary retinal hemangioma.
The median interval between onset of macular edema
and proton beam therapy was 1.7 months (range 0.5–
3.3months). Themedian follow-up periodwas 84months
(range 32–106 months) between proton beam treatment
and last follow-up. Exudation completely resolved in all
but 1 patient after 4.2 months on average (range 2.8–
7.2months).Mean visual acuity prior to proton beam irra-
diation was 0.7 logMAR (0.2 DIN (DIN 58220 norm))
(range 2-0.3 logMAR) and declined to 0.8 logMAR
(0.16 DIN; range 2-0.1 logMAR) at last follow-up exam-
ination (no statistical significance, P [ .071).
� CONCLUSION: The anatomic outcome after proton
beam therapy for retinal papillary hemangioma is
convincing, whereas functional outcome may be compro-
mised because of tumor location, long-persisting macular
edema, extensive exudation, and poor initial visual
acuity. In patients with extended retinal detachment sur-
gical intervention was still necessary. Although proton
beam therapy is proven to be a therapeutic option, treat-
ment will remain challenging. (Am J Ophthalmol
2014;158:381–386. � 2014 by Elsevier Inc. All
rights reserved.)

R
ETINAL CAPILLARY HEMANGIOMAS ARE ALSO

known as retinal hemangioblastomas. These lesions
must be distinguished from choroidal hemangiomas,

which may be associated with Sturge-Weber syndrome.
Retinal capillary hemangiomas can occur in isolation or
as part of von Hippel–Lindau (VHL) disease. As retinal
capillary hemangiomas are often the earliest and most
frequent diseasemanifestations seen inVHL, accurate diag-
nosis by the ophthalmologist plays an important role in the
initiation of appropriate screening and treatment.1,2

VHL disease is an autosomal-dominant disorder with vari-
able penetrance and expression that is caused by mutations of
the VHL gene, a tumor suppressor gene located at the short
arm of chromosome 3. Aside from having retinal capillary
hemangiomas, individuals with VHL disease also have a
high incidence of renal cell carcinoma, central nervous sys-
tem hemangiomas, pheochromocytomas, and other tumors.
Renal cell carcinoma is the leading cause of mortality in pa-
tients with VHL disease.3,4 Even though retinal capillary
hemangiomas are classified as benign, significant visual
morbidity may be caused through either exudative or
tractional effects on the surrounding retina. Although many
therapeutic modalities exist, treatment of symptomatic cases
can be challenging, especially in juxtapapillary retinal
hemangiomas. These vascular hamartomas grow on the
optic nerve head or within the juxtapapillary area. Three
growth types have been classified: the endophytic,
exophytic, and sessile forms.5 The differential diagnosis can
sometimes be difficult, resulting inmisdiagnoses such as papil-
ledema, papillitis, granulomatous disease, or subretinal
neovascularization. Thus, after careful ophthalmoscopy, fluo-
rescein angiography is the next essential step hinting at cor-
rect diagnosis of juxtapapillary/papillary hemangioma. A
very early hyperfluorescence of the feeding vessels in the arte-
rial phase and a staining in the late phase, sometimes com-
bined with a delicate to distinct leakage, can be observed.5,6

Treatment modalities for juxtapapillary capillary heman-
gioma include laser photocoagulation, photodynamic
therapy, and brachytherapy, leading to such complications
as arcuate scotoma, optic ischemia and retinal capillary
occlusion compromising the functional benefit, and
radiation-induced optic neuropathy, respectively.7–9 Exter-
nal beam radiotherapy showed promising results, but only
in a very limited number of patients.10,11 Until now,
treatment of juxtapapillary capillary hemangioma has
remained a therapeutic dilemma.9
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This study reports long-term results after proton beam
therapy in papillary capillary hemangioma to evaluate
the potential benefit and long-term risks of this treatment
modality.

METHODS

THIS RETROSPECTIVE INTERVENTIONAL CASE SERIES

included patients with visual loss, metamorphopsia,
photopsia, or scotoma attributable to symptomatic retinal
papillary hemangioma with or without association with
VHL disease. The ethics committee of the Charité-
Universitätsmedizin Berlin waived the need for Institutional
Review Board approval owing to the retrospective design of
the study. It was ensured that the study and data accumula-
tion were in conformity with all country, federal, or state
laws; informed consent was obtained; and the study was in
adherence to the tenets of the Declaration of Helsinki.

All patients were treated between January 2001 and
December 2009 in the Department of Ophthalmology,
Charité University Medicine Berlin, Campus Benjamin
Franklin (patient recruitment, preparation, and follow-
up) and the Helmholtz-Zentrum Berlin. The minimum
follow-up was 30 months.

The retinal papillary capillary hemangiomawas diagnosed
by slit-lamp examination, ophthalmoscopy, and fluorescein
angiography. All patients presenting with retinal capillary
hemangiomas were tested for VHL gene mutations. In
patients presenting positive test results a screening for
VHL-associated tumors located elsewhere was started. Based
on medical records, imaging data, surgical reports, and
schemes of irradiation, the investigated endpoints of this
study were the functional and anatomic outcome. Visual
acuity is described as decimals andwasmeasured as logMAR.
In agreement with the MARAN protocol, light perception
was added as 2.1 logMAR, hand motion as 2.0 logMAR,
and counting fingers as 1.9 logMAR.12 Tumor height and
tumor diameter were measured by B-scan ultrasonography.

Local complications attributable to radiotherapy radiation
optic neuropathy, radiation retinopathy, neovascular glau-
coma, enucleation rate, and further surgery were recorded.

� PROTON BEAM THERAPY: The setting of the proton
beam therapy used in retinal papillary capillary hemangi-
omas was similar to the established treatment for choroidal
melanomas. Because of lack of established data regarding
the dose of proton beam treatment for papillary capillary
hemangioma, the dose was adapted to the dose described
by Palmer and Gragoudas13 for retinal capillary hemangio-
ma (2800–4000 cGy divided in 4 to 5 fractions) and the
dose used for circumscribed choroidal hemangioma (on
average 18 Gy) by Zografos and associates.14 Accordingly,
the dose for proton beam therapy in our study was, in total,
20 CGE (cobalt gray equivalent; 1 CGE¼ 1.1 Gy, taking a

radiobiological effectiveness of 1.1 into account), given in
4 fractions of 5 CGE on 4 sequential days. Prior to irradia-
tion, 2.5-mm-diameter tantalum clips were sutured to the
sclera to demarcate the margins of the tumor. Three-
dimensional modeling of the tumor (clinical target vol-
ume), based on localization measurements, by ultrasound,
funduscopy, and computed tomography scans; treatment
planning; and dose calculation were performed with the
treatment planning systems EYEPLAN version 1.2 and
(since 2006) OCTOPUS version 4.4 (PRECISIS AG,
Heidelberg, Germany). During treatment the head was
immobilized by a combination of an individually molded
face mask and a bite block to ensure the correct position.
The patient had to focus on an external light source.
In case of movement, the therapy could immediately be
intermitted.

� STATISTICS: Statistical analysiswas performedwithSPSS
20.0 (IBM, New York, USA). A Fisher exact test was used
to detect differences in this small number of patients.

RESULTS

EIGHT CONSECUTIVE PATIENTS WITH VISUAL LOSS

attributable to solitary retinal papillary hemangioma were
included in the study. There were no peripheral lesions
identified. There were 3 male and 5 female patients. The
mean age was 36 years (range 22–80 years). The median
follow-up period was 84 months (range 32–106 months)
between proton beam treatment and last follow-up.
Two patients showed a systemic association to VHL

disease.

� TUMOR CHARACTERISTICS: Before proton beam ther-
apy median tumor height was 2.0 mm (range 1.3–
4.7 mm), which decreased to 1.26 mm at time of last
follow-up (1.0–2.2 mm: P < .001). Initial median largest
tumor diameter was 6.25 mm (range 4.5–8.8 mm). All
hemangiomas grew from the optic nerve head and reached
toward the fovea with a median tumor–fovea distance of
1.25 mm (0–4.1 mm). One papillary hemangioma was
located nasally while the remaining 7 were located on
the temporal side of the optic nerve head (Table).

� ANATOMIC FEATURES: At the initial inclusion into the
study all patients presented with macular edema. Further-
more, 3 out of 8 patients presented with an exudative
retinal detachment. The retinal detachment affected the
fovea in all cases; 2 quadrants were detached in 1 patient.
A total exudative retinal detachment was detected in 2 pa-
tients. These patients required at least 1 vitrectomy after
proton beam therapy to reattach the retina.
Exudation completely resolved in all but 1 patient after

4.2 months on average (range 2.8–7.2 months). This 1
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