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Purpose: To investigate the longitudinal progression, risk factors, and complications associated with retinal
hemangioblastomas (RHs) in nonadvanced stages of von HippeleLindau (VHL) syndrome using ultra-widefield (UWF)
imaging.

Design: Single-center longitudinal cohort study.
Subjects: Caucasian patients with genetically confirmed VHL syndrome.
Methods: Annual evaluations included dilated fundus examinations, UWF pseudocolor fundus retinal images, UWF

fluorescein angiography, and OCT. Genetic analysis classified VHL mutations. Baseline RH counts and anatomical
distributions were recorded as central (juxtapapillary, macular), peripheral, or both. Longitudinal follow-up tracked new
RH formation and visual acuity (VA) values.

Main Outcome Measures: Cumulative incidence, incidence rate ratios (IRRs), and risk factors of new RHs assessed
using mixed-effects negative binomial regression models. Hazard of recurrent RHs evaluated through Cox frailty
models and longitudinal changes in VA.

Results: Among 78 eyes of 43 patients (mean age: 47.8 � 13.6 years), 110 RHs were documented at baseline, with 3
(3%) centrally located, 35 (32%) peripherally, and 72 (65%) spanning both zones. von HippeleLindau variants were
investigated in 37 patients: 19 had missense variants (51%), and 18 had presumed null alleles (49%), including nonsense
(10 of 37; 27%), frameshift (1 of 37; 3%), splice site (1 of 37; 3%), and exon deletion mutations (6 of 37; 16%). Over a median
follow-up of 31 months (interquartile range: 27e109), 35 (43%) eyes developed new RHs, with an incidence rate of 0.22
RHs per eye-year (95% confidence interval: 0.17e0.27). By the last available examination, 26 eyes (34%) remained
disease-free, whereas17 (23%) showed no progression of existing RHs. Age reduced the IRR of new RHs by 4.2% annually
(P ¼ 0.003), whereas higher baseline tumor burden and vascular leakage increased the IRR significantly (P < 0.001 and
P ¼ 0.03, respectively). Peripheral RHs were the strongest predictor of recurrence (hazard ratio ¼ 16.4, P < 0.001),
whereas older age remained protective (hazard ratio ¼ 0.96, P ¼ 0.04). Visual acuity (logarithm of the minimum angle of
resolution) worsened from 0.05 � 0.2 (Snellen equivalent: 20/22) at baseline to 0.11 � 0.3 (Snellen equivalent: 20/25) at
the final visit.

Conclusions: Peripheral RHs and vascular leakage are significant risk factors for RH progression and recurrence in
VHL syndrome. Although older age provides a protective effect, close monitoring of high-risk eyes is essential to enable
timely intervention and preserve vision.

Financial Disclosure(s): Proprietary or commercial disclosure may be found in the Footnotes and Disclosures at
the end of this article. Ophthalmology Science 2025;5:100846 ª 2025by theAmericanAcademyofOphthalmology. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
von HippeleLindau (VHL) syndrome (Online Mendelian
Inheritance in Man 608537) is a rare autosomal dominant
disorder with an estimated incidence of 1 in 36 000 live
births.1 Affected individuals are at increased risk for a
range of benign and malignant tumors, driven by
mutations in the VHL gene on chromosome 3 that
dysregulate hypoxia-inducible factor.2,3 The hallmark
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manifestations of VHL syndrome include CNS
hemangioblastomas, renal cell carcinomas, pancreatic
neoplasms, pheochromocytomas, and retinal
hemangioblastomas (RHs).4

Retinal hemangioblastomas are the initial manifestation
of VHL syndrome in approximately 40% of patients and
require lifelong monitoring due to their high recurrence
1https://doi.org/10.1016/j.xops.2025.100846
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potential.5 These tumors present bilaterally in 50% of cases
and exhibit multifocality in one-third of affected eyes.6 Risk
factors such as younger age at onset, involvement of the
contralateral eye, and type of genetic variant have been
associated with a higher likelihood of multiple retinal
tumors.7 Despite their clinical significance, longitudinal
studies evaluating the progression and characteristics of
RHs remain limited.

The advent of ultra-widefield (UWF) imaging has
transformed the detection and monitoring of retinal lesions
in VHL, particularly during asymptomatic stages.8 By
offering comprehensive visualization of the retinal
periphery, UWF imaging significantly enhances the
sensitivity of RH diagnosis.9 However, its relatively recent
adoption in clinical practice has restricted its use in
prospective studies exploring the longitudinal progression,
complications, and visual outcomes associated with RHs.

This study employs UWF imaging to comprehensively
assess the longitudinal progression of RHs in VHL syn-
drome. The objectives are to evaluate the rate of new lesion
formation, identify risk factors (e.g., demographics, genetic
mutations, and UWF imaging features) of RHs recurrence,
and document complications such as retinal detachment
(RD), a leading cause of irreversible vision loss.10

Additionally, the study quantifies the visual burden of
VHL, focusing on the prevalence of blindness (visual
acuity [VA] worse than 3/6011), moderate to severe vision
impairment (VA worse than 6/18 but better than 3/6011),
and mild vision impairment (VA worse than 6/12 but
better than 6/1811).
Methods

This single-center longitudinal cohort study was conducted at San
Raffaele Hospital, focusing on patients diagnosed with VHL syn-
drome. Recruitment began in January 2004, and, from 2020, par-
ticipants were enrolled in a comprehensive multisystem evaluation
protocol (Ospedale San Raffaele VHL Program). This protocol was
managed by a multidisciplinary team of specialists in urology,
neurosurgery, neuroradiology, surgical oncology, genetics, and
ophthalmology.12,13 The study complied with the Declaration of
Helsinki and received institutional review board approval from
San Raffaele Hospital. Written informed consent was obtained
from all participants enrolled in the institutional VHL program
(“protocol RENE - version 29/08/2007 - Ospedale San Raffaele
di Milano”) after explaining the study’s objectives and
methodology.

The inclusion criteria required a confirmed diagnosis of VHL
syndrome, established through genetic analysis, family history, or
key clinical features such as RHs, CNS hemangioblastomas,
pheochromocytomas, neuroendocrine tumors, or clear cell renal
carcinoma;14 age of �18 years; a minimum follow-up period of 12
months. The exclusion criteria were severe cataracts or media
opacity impairing imaging and coexisting retinal conditions such as
diabetic retinopathy, uveitis, or glaucoma to minimize confounding
factors. Eyes with advanced disease at baseline were also excluded,
such as those with enucleation, phthisis, or total RD, as RH pro-
gression and associated characteristics could not be evaluated.

Baseline evaluations included best-corrected VA (BCVA)
measurement using decimal charts, slit lamp biomicroscopy, and
fluorescein angiography (FA). Imaging initially relied on a Hei-
delberg system with a 55� lens and peripheral steering for retinal
2

periphery visualization, transitioning to UWF imaging (Silver-
stone, Optos PLC) for subsequent evaluations. Additional imaging
modalities included UWF pseudocolor fundus retinal images and
green-light fundus autofluorescence. For patients recruited before
2014, annual imaging was conducted using the Topcon TRC-
50DX, Type IA retinal camera (Topcon) with a Nikon D7000,
16.2 Megapixel camera. From 2014 onward, these patients un-
derwent UWF imaging for follow-up assessments.

Annual imaging and follow-up visits were conducted in
accordance with established guidelines.8 At each visit, data
collected at the eye level included ocular history, BCVA, tumor
counts, anatomical location, and complications such as RD,
ocular phthisis, and neovascular glaucoma. Cumulative lesion
counts were calculated, and tumor involvement was categorized
as unilateral, bilateral, or absent. Best-corrected VA measure-
ments were converted to logarithm of the minimum angle of res-
olution (logMAR), excluding values worse than 1.6 logMAR
(Snellen equivalent: 20/800) from analysis.15 Both eyes were
included if eligibility criteria were met.

Treatment adhered to a multidisciplinary framework.8,13

Extramacular and extrapapillary RHs were treated with laser
photocoagulation or cryotherapy.16 Intravitreal anti-VEGF agents
injections (bevacizumab, ranibizumab, and aflibercept) were
administered based on physician judgment. Advanced cases, such
as exudative or tractional RD and fibrovascular proliferation, were
treated with pars plana vitrectomy (PPV).17 No systemic therapy,
including belzutifan, was administered either before or during the
study period.

Multimodal Imaging Analysis

Retinal hemangioblastomas were categorized into 3 anatomical
regions7: (1) juxtapapillary, within half a disc diameter from the
optic nerve; (2) macular, within half a disc diameter from the
foveola; and (3) peripheral, encompassing all other regions.
Juxtapapillary and macular RHs were grouped as central RHs.
Peripheral RHs were further classified as18 superotemporal,
inferotemporal, superonasal, and inferonasal. To achieve accurate
classification, UWF color fundus images were overlaid with a
digitally generated segmentation grid representing the 7 standard
ETDRS fields, allowing precise evaluation of RHs distribution
across the extended fields (Fig 1).

Fluorescein angiography identified segmental diffuse vascular
leakage as late-phase leakage from second-order or more peripheral
retinal veins and adjacent capillaries, regardless of RH presence.19 ;
and foveal hardexudation, assessed via FA and OCT, were
evaluated as markers of active retinal edema or chronic lipid
deposition (Fig 2).

Genetic Characterization

We collected results from genetic analysis performed on genomic
DNA extracted peripheral blood monocytes. Targeted next-
generation sequencing was used to detect single nucleotide vari-
ants and small insertions or deletions, and Multiplex Ligation-
dependent Probe Amplification to detect copy number variants.
Germline variants in the VHL gene were interpreted according to
the American College of Medical Genetics and Genomics guide-
lines and classified according to their predicted coding impact as
missense or null variants (including nonsense, frameshift, splice
site, and exon deletions).20

Statistical Analysis

All statistical analyses were performed using R (version 4.4.2).
Statistical significance was set at a < 0.05, and all tests were 2-



Figure 1. Segmentation of extended fields in UWF and UWF FA imaging. This image depicts the UWF color fundus images of 2 eyes from a patient affected
by VHL disease. A digitally generated overlay representing the 7 standard ETDRS fields was aligned with each image based on the specific anatomical
locations of the foveola and the optic nerve head. This overlay was used to evaluate the distribution of retinal lesions within modified extended fields derived
from the UWF images. In the image, the regions labeled “A” correspond to the superior temporal field, “B” to the inferior temporal field, “C” to the superior
nasal field, and “D” to the inferior nasal field. The lower colored boxes represent UWF FA images highlighting RHs, each indicated by arrowheads. The
orange box corresponds to a RH located at the optic nerve head, as shown by the arrowhead. The blue box displays a RH in the inferior nasal field, whereas
the green box highlights a RH in the inferior temporal field. These angiographic findings illustrate the precise localization of retinal lesions characteristic of
VHL disease. FA ¼ fluorescein angiography; RD ¼ retinal detachment; UWF ¼ ultra-widefield; VA ¼ visual acuity; VHL ¼ von HippeleLindau.
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sided. Continuous variables were summarized as means with
standard deviations or medians with interquartile ranges, whereas
categorical variables were reported as frequencies and percentages.
Figure 2. Multimodal imaging of a RH in the superior temporal quadrant. Pane
the superior temporal quadrant, with well-defined afferent and efferent vascul
visible, consistent with retinal hard exudation. Panels (C) and (D) present UWF
to the lesion. Additionally, areas of diffuse and segmental vascular leakage and m
revealing the presence of an epiretinal membrane. Panel (F) shows an OCT
hyperreflective intraretinal mass corresponding to the RH. Orange box represent
fluorescein angiography; IRF ¼ intraretinal fluid; RH ¼ retinal hemangioblasto
The primary outcomes were the cumulative incidence of
new RHs. KaplaneMeier survival analysis was used to analyze
time-to-event data and estimate cumulative incidence. The
ls (A) and (B) show pseudocolor fundus images, highlighting a large RH in
ar components. Above the superior vascular arcade, yellowish material is
FA images, demonstrating hyperfluorescence at the RH site, corresponding
acular hyperfluorescence are evident. Panel (E) displays the macular OCT,
scan centered on the RH, demonstrating IRF, retinal exudation, and a
s a zoomed-in view of the corresponding area in the lower left corner. FA ¼
ma; UWF ¼ ultra-widefield.
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incidence rate of new RH, defined as the number of new
events per unit of person-time at risk, was calculated by
dividing the total number of new RHs by the total person-time
at risk. This rate was further analyzed using a mixed-effects
negative binomial regression model, which included follow-up
time as an offset to account for varying observation periods.
Random intercepts for patients and eyes were incorporated to
address the hierarchical structure of the data and the correlation
between eyes within the same patient.

Univariable analyses were initially performed to assess in-
dividual predictors. Variables with a P value � 0.1 were
considered for inclusion in the multivariable model. Results
were reported as incidence rate ratios (IRRs), quantifying the
relative change in the incidence rate of new RHs per unit or
category change in a predictor variable. Incidence rate ratios
greater than 1 indicated an increased rate, whereas IRRs <1
suggested a reduction. For example, an IRR of 1.50 reflected a
50% increase, whereas an IRR of 0.75 represented a 25%
reduction. Residual diagnostics, conducted using the Di-
agnostics for HierArchical Regression Models package,
confirmed the suitability of the negative binomial framework
and ruled out overdispersion. Alternative models, including
Poisson and zero-inflated negative binomial regressions, were
evaluated but did not outperform the primary model based on
Akaike Information Criterion comparisons.

Sensitivity analyses were conducted to assess hazard of recur-
rent RHs using the AnderseneGill extension of the Cox propor-
tional hazards model, which incorporated frailty terms to account
for repeated measures within the same eye and clustering at the
patient level. These models provided time-dependent hazard esti-
mates for RH recurrence, complementing the primary analysis.
Proportional hazards assumptions were tested with Schoenfeld
residuals, and univariable survival models were applied to indi-
vidual predictors. Concordance between survival models and the
negative binomial regression further supported the robustness and
reliability of the findings.
Results

Study Population and Baseline Patients’
Characteristics

A total of 112 eyes from 56 patients were initially included.
Thirty-three eyes were excluded due to advanced disease at
baseline, comprising 4 enucleated eyes, 9 with ocular
phthisis, and 6 with RD. Fourteen additional eyes were
excluded because RHs could not be reliably assessed.
Among the 33 eyes excluded, the mean age at baseline was
44.1 � 10.34 years, with a mean follow-up duration of
60.74 � 47.21 months. Regarding genetic analysis, data
were unavailable for 4 patients. Among the remaining 29
eyes, 17 (59%) harbored a missense variant, whereas 12
(41%) carried a null variant, including 8 (28%) nonsense
mutations and 4 (13%) exon deletions. In our cohort, RHs
were the initial manifestation of VHL disease in 20 out of 43
patients (47%), whereas in another 20 cases (47%), they
developed as a secondary manifestation. The remaining 3
patients (6%) were disease-free.

The final cohort comprised 43 patients (78 eyes), with 23
male participants (54%). All patients were Caucasian and
represented 31 distinct family clusters. The mean age at
baseline was 47.8 � 13.6 years. The median follow-up
4

duration was 30.75 months (interquartile range: 27e109
months). Each patient underwent a median of 4 visits
(interquartile range: 3e10).

von HippeleLindau variants were identified in all par-
ticipants: 19 (51%) were missense, 10 nonsense (27%), 1
(3%) frameshift, 1 (3%) splice site, and 6 (16%) exon de-
letions. Genetic data were unavailable for 6 participants.
Overall, the proportion of patients harboring missense al-
leles (19 of 37; 51%) or presumed null alleles was similar
(18 of 37; 49%). Three of 18 unique variants (17%) were
previously not reported in the literature. A detailed assess-
ment of identified variants is provided in a Table 1. Baseline
demographic and clinical characteristics are summarized in
Table 2A.
Distribution of New RHs

At baseline, 110 RHs were documented (Fig 3), with 39
eyes (49%) showing no RHs, 5 eyes (6%) exhibiting
central RHs, 28 eyes (35%) having peripheral RHs, and
6 eyes (10%) presenting with both central and peripheral
RHs (Table 2B). During the follow-up, 86 new RHs
were identified, 2% central and 98% peripheral, distributed
as follows: 33 (38%) superotemporal, 21 (24%) infero-
temporal, 16 (19%) superonasal, and 16 (19%) inferonasal
(Fig 4).

By the last available examination, 26 eyes (34%)
remained disease-free, 17 (23%) showed no progression of
existing RHs, and 35 (43%) developed new RH.

Tumor laterality also evolved significantly (P ¼ 0.004).
Initially, 8 (19%) of patients had bilateral RHs, 15 (35%)
unilateral RHs, and 20 (46%) no RHs. By study end, these
percentages shifted to 15 (35%), 22 (51%), and 6 (14%),
respectively.
Incidence and Risk Factors of New RHs

The overall incidence rate of new RHs was 0.22 per eye-
year (95% confidence interval [CI]: 0.17e0.27), equating
to 1 new RH per eye every 5 years (Fig 5). Mixed-effects
negative binomial regression revealed no significant tem-
poral change in incidence (b ¼ 0.0021, P ¼ 0.5), but sub-
stantial variability existed at the eye (variance ¼ 0.58) and
patient (variance ¼ 0.20) levels.

Univariable analysis identified older age as protective,
reducing the IRR of new RHs by 3.3% annually (P ¼ 0.013,
Table 3). Baseline tumors in the same eye reduced the IRR
by 81% (P ¼ 0.03), whereas higher tumor counts increased
the IRR by 29% per additional lesion (P < 0.001).
Segmental diffuse vascular leakage significantly elevated
the IRR by 172% (P ¼ 0.03). The presence of bilateral
tumors showed a 151% higher IRR compared to unilateral
tumors (P ¼ 0.06). Other factors, including central
lesions, IRF, exudation, and variants type, did not
demonstrate significant associations with the incidence of
new RHs. Multivariable analysis confirmed these findings,
showing a 4.2% annual reduction in IRR with age
(P ¼ 0.003) and an 89% increase associated with vascular
leakage (P¼0.004).



Table 1. Summary of all Unique VHL Variants Identified in the Study Cohort, In Silico Pathogenicity Scores, and Classification Criteria

Genomic
Position (hg38)

cDNA Variant
(NM_000551.4)

Protein Variant
(NP_000542.1) Coding Impact Location dbSNP

Number of
Alleles in the
Current Study

ACMG
Classification

Allele
Frequency
(gnomAD
v4.0.0)

Metadome
Tolerance
Score Revel

PhyloP100
Conservation

Score MetaRNN
Alpha

Missense Reference

chr3-
10142041-C-A

c.194C>A p.(Ser65*) Nonsense Exon 1 of 3
position 264
of 410

rs5030826 1 Pathogenic - - - - - - Whaley JM
et al 1994
(PMID:
7977367)

chr3-10142080-A-G c.233A>G p.(Asn78Ser) Missense Exon 1 of 3
position 303
of 410

rs5030804 3 Pathogenic - 0.4 0.767 5.718 0.9908 0.881 Chen et al 1995
(PMID:
7728151)

chr3-10142109-T-G c.262T>G p.(Trp88Gly) Missense Exon 1 of 3
position 332
of 410

- 1 Pathogenic - 0.54 0.89 - 0.9914 0.99 Chen et al 1995
(PMID:
7728151)

chr3-10142173-T- c.326del p.(Ile109Thrfs*50) Frameshift Exon 1 of 3
position 396
of 410

- 1 Pathogenic - - - - - - Novel

chr3-10142180-C-G c.333C>G p.(Ser111Arg) Missense Exon 1 of 3
position 403
of 410

rs765978945 3 Pathogenic - 0.15 0.798 1.758 0.9637 0.999 Chen et al 1995
(PMID:
7728151)

chr3-10146516-C-T c.343C>T p.(His115Tyr) Missense Exon 2 of 3
position 3 of
123

rs5030811 1 Pathogenic - - - - - - Novel

chr3-10146580-T-C c.407T>C p.(Phe136Ser) Missense Exon 2 of 3
position 67
of 123

rs5030833 1 Pathogenic - 0.7 0.802 4.404 0.9946 0.996 Martin et al 1998
(PMID: 1062
7136)

chr3-10146618-G-A c.445G>A p.(Ala149Thr) Missense Exon 2 of 3
position 105
of 123

rs587780077 1 Pathogenic - 0.96 0.861 7.677 0.9899 0.823 Crossey et al 1994
(PMID:
7987306)

chr3-10146639-A-T c.463þ3A>T p.(?) Splice site Intron 2 of 2
position 3 of
3150

rs1131690954 1 Pathogenic - - - 4.344 - - Novel

chr3-10149822-C-T c.499C>T p.(Arg167Trp) Missense Exon 3 of 3
position 36
of 3881

rs5030820 7 Pathogenic - - 0.868 3.372 0.9922 0.932 Zbar et al 1996
(PMID:
8956040)

chr3-10149823-G-A c.500G>A p.(Arg167Gln) Missense Exon 3 of 3
position 37
of 3881

rs5030821 1 Pathogenic - 0.6 0.874 7.779 0.9921 0.879 Zbar et al 1996
(PMID: 895
6040)

chr3-10149840-G-T c.517G>T p.(Glu173*) Nonsense Exon 3 of 3
position 54
of 3881

rs1575932228 7 Pathogenic - - - - - - Mandich et al 1998
(PMID: 9452
106)

chr3-10149848-C-G c.525C>G p.(Tyr175*) Nonsense Exon 3 of 3
position 62
of 3881

rs5030835 1 Pathogenic - - - - - - Olschwang et al
(PMID:
9829912)

chr3-10149886-T-C c.563T>C p.(Leu188Pro) Missense Exon 3 of 3
position 100
of 3881

rs1559429824 1 Pathogenic - 0.8 0.959 6.258 0.9912 0.996 Martin et al 1998
(PMID: 1062
7136)

chr3-10149906-C-T c.583C>T p.(Gln195*) Nonsense Exon 3 of 3
position 120
of 3881

rs5030825 1 Pathogenic - - - - - - Crossey et al 1994
(PMID: 7987
306)

- Exon 1 deletion p.(?) Deletion 1 - - - - - - -
- Exon 1-2 deletion p.(?) Deletion 3 - - - - - - -
- Exon 1-3 deletion p.(?) Deletion 2 - - - - - - -

In an amino acid sequence, an asterisk (*) represents a stop codon. This means the end of the protein coding sequence d it’s where the ribosome stops translating the mRNA into a protein.
ACMG ¼ American College of Medical Genetics and Genomics; dbSNP ¼ Database of Single Nucleotide Polymorphisms; PMID ¼ PubMed Identifier.

D
elFabbro

et
al

�
U
ltra-w

ide
field

Im
aging

in
V
H
L
Syndrom

e

5



T
ab
le
2.

C
lin

ic
al
C
ha
ra
ct
er
is
ti
cs

of
Pa
ti
en
ts
an
d
Ey
es
.A

.D
em

og
ra
ph

ic
an
d
G
en
et
ic
St
at
us

of
In
cl
ud

ed
Pa
ti
en
ts
.B

.C
lin

ic
al
an
d
M
or
ph

ol
og
ic
C
ha
ra
ct
er
is
ti
cs

of
Ey
es

G
ro
up

ed
by

R
H
s

St
at
us

at
B
as
el
in
e

A
O
ve
ra
ll
(N

[
43

P
at
ie
nt
s)

A
ge

(y
ea
rs
)

M
ea
n
(S
D
)

47
.8

(1
3.
6)

M
ed
ia
n
[m

in
,
m
ax
]

50
.0

(1
9.
0,

74
.0
)

M
al
e
ge
nd

er
23

(5
4%

)
R
H
s
ba
se
lin

e
st
at
us

B
ila
te
ra
l
tu
m
or
s

8
(1
9%

)
U
ni
la
te
ra
l
tu
m
or
s

15
(3
5%

)
N
o
tu
m
or
s

20
(4
6%

)

B
O
ve
ra
ll
(n

[
78

E
ye
s)

N
o
R
H
s
(n

[
39

E
ye
s)

C
en
tr
al

R
H
s
(n

[
5
E
ye
s)

P
er
ip
he
ra
l
R
H
s
(n

[
28

E
ye
s)

B
ot
h
R
H
s
(n

[
6
E
ye
s)

B
as
el
in
e
B
C
V
A

(l
og
M
A
R
)

0.
05

(0
.2
)

0.
05

(0
.1
8)

0.
25

(0
.2
5)

0.
02

(0
.0
6)

0.
24

(0
.4
7)

In
tr
ar
et
in
al

fl
ui
d

3
(4
%
)

0
(0
%
)

0
1
(1
%
)

2
(3
%
)

Ex
ud
at
io
n

4
(5
%
)

0
(0
%
)

0
2
(2
.5
%
)

2
(2
.5
%
)

Se
gm

en
ta
l
di
ffu

se
va
sc
ul
ar

le
ak
ag
e

5
(6
%
)

0
(0
%
)

0
4
(5
%
)

1
(1
%
)

B
C
V
A

¼
be
st
-c
or
re
ct
ed

vi
su
al

ac
ui
ty
;l
og
M
A
R
¼

lo
ga
ri
th
m

of
th
e
m
in
im

um
an
gl
e
of

re
so
lu
ti
on

;R
H

¼
re
ti
na
l
hm

an
gi
ob
la
st
om

a;
SD

¼
st
an
da
rd

de
vi
at
io
n.

Ophthalmology Science Volume 5, Number 6, December 2025

6

Risk Factors for Recurrent RHs

Cox frailty models highlighted key risk factors for recurrent
RHs. Age remained protective (hazard ratio [HR] ¼ 0.96,
P ¼ 0.018), whereas prior lesions significantly reduced the
hazard of recurrence (HR ¼ 0.11, P ¼ 0.033). Peripheral
lesions were the strongest predictor of increased recurrence
risk (HR ¼ 16.38, P < 0.001). The multivariable model
confirmed the protective role of age (HR ¼ 0.97, P ¼ 0.04)
and suggested a trend toward reduced risk with unilateral
tumor involvement (HR ¼ 0.30, P ¼ 0.06).

Longitudinal Visual Change, Complications, and
Treatment

The mean BCVA (logMAR) worsened from 0.05 � 0.2
(Snellen equivalent: 20/22) at baseline to 0.11 � 0.3
(Snellen equivalent 20/25) at follow-up, with a decline
of þ 0.014 logMAR per year (95% CI: 0.010e0.020;
P < 0.001). During the follow-up, 59 eyes (75%)
maintained stable vision, whereas 20 eyes (25%) expe-
rienced vision deterioration, of which 16 (80%) pre-
sented at baseline or develop at least 1 RH during the
follow-up. Among these, 2 patients (5%) developed
blindness in 1 eye (due to ocular phthisis and RD), 2
(5%) developed moderate to severe vision impairment
(due to IRF and hard exudation), and 3 (7%) developed
mild vision impairment.

Management included retinal laser photocoagulation (33
[42%] eyes of 25 [58%] patients underwent laser treatment
during follow-up (Fig 6), with an average 0.40 � 0.72
sessions per eye per year), anti-VEGF injections (6 [8%]
eyes of 6 [14%] patients), and PPV for RD (2 [3%] eyes of 2
[5%] patients). Of these 6 eyes, 4 exhibited RH progression
during follow-up. None of the patients developed neo-
vascular glaucoma.

Discussion

This study provides a comprehensive analysis of ocular
VHL disease, focusing on demographics, incidence, and
visual outcomes of RHs, with UWF imaging offering
enhanced detection. By documenting the rate of new RH
formation, identifying risk factors, and analyzing compli-
cations such as RD, this study delivers valuable insights into
the burden of RHs. To our knowledge, this is the first study
to assess the long-term progression of ocular VHL using
UWF imaging, establishing a foundation for improved
management strategies. Moreover, our cohort represents the
natural history of VHL disease in the absence of systemic
therapy, which is not yet approved in the European
Union.21e23

The cohort, comprising 78 eyes, demonstrated signifi-
cant variability in disease severity and natural history, with
a quarter of patients followed for more than 9 years.
Although 46% of patients were disease-free at baseline,
only 34% remained so during follow-up, whereas 43%
developed new lesions. The progression rate surpassed
prior reports (e.g., 27% by Wong et al5 and 28% by
Dollfus et al24) likely due to the superior sensitivity of



Figure 3. Long-term UWF imaging follow-up of RHs in VHL disease. This figure illustrates a long-term clinical follow-up of the right eye of a female patient
with VHL disease, monitored through UWF imaging. At baseline, the patient was 28 years old and had previously undergone retinal laser photocoagulation
for a RH located in the superior temporal field. The treated lesion exhibited a fibrotic and atrophic appearance, corresponding to a hypoautofluorescent area
on the BAF imaging. During the follow-up, the patient developed 9 additional RHs. Among these, by the third year, a prominent ovoidal RH emerged in
the superior nasal quadrant (A), characterized by a yellowish mass with afferent and efferent vascular components. Several smaller RHs developed by the
fifth year (C and D), absent at baseline. Notably, a recurrence of the previously treated RH in the superior temporal quadrant was observed by the third year,
signifying reactivation of the lesion (B). New RHs are indicated by white arrowheads. By the 7-year follow-up, areas of atrophy had developed around the
angiomatous lesions, secondary to the laser photocoagulation treatment. At the 10-year mark, diffuse retinal damage became apparent, with extensive
fibrotic changes observed across the retina. These alterations contributed to significant visual deterioration. By the end of the follow-up period, the patient’s
BCVA declined from a baseline of 0.1 logMAR to 0.7 logMAR. BAF ¼ blue autofluorescence; BCVA ¼ best-corrected visual acuity; logMAR ¼ logarithm
of the minimum angle of resolution; RH ¼ retinal hemangioblastoma; UWF ¼ ultra-widefield; VHL ¼ von HippeleLindau.

Del Fabbro et al � Ultra-widefield Imaging in VHL Syndrome
UWF imaging in detecting peripheral and smaller RHs and
the regular annual follow-up with FA. Chen et al,9 for
instance, showed that two-thirds of RHs identified via
UWF FA were missed by conventional fundoscopy,
underscoring the importance of advanced imaging in
detecting subtle peripheral lesions. The overall incidence
7



Figure 4. Longitudinal follow-up of a patient with the development of a juxtapapillary RH in the right eye. At baseline, the patient was 27 years old and had
previously undergone treatment for other RHs. During the follow-up period, 3 additional RHs developed. The Optos pseudocolor fundus retinal images
reveal the progressive appearance of a small reddish lesion at the inferotemporal margin of the optic disc over time. At baseline, FA showed no evidence of
leakage during the early phases. In contrast, at the end of the follow-up period, increasing leakage is evident in the early phases of FA, highlighting the
progression of the juxtapapillary hemangioblastoma. Notably, no changes in visual acuity were observed throughout the follow-up period. FA ¼ fluorescein
angiography; RH ¼ retinal hemangioblastoma.
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rate of 0.22 RHs per eye-yeardequivalent to 1 new tumor
per eye every 5 yearsdhighlights the persistent risk of RH
development, with no significant temporal change
observed at a population level.

Older age emerged as a protective factor, reducing the
IRR of new RHs by 4.2% annually, consistent with previous
findings that disease activity diminishes over time. Kreusel
et al,25 for example, noted that patients >50 years of age
were less prone to develop new RHs. This supports the
adoption of tailored follow-up strategies, with younger
8

patients requiring more frequent monitoring. Conversely,
cumulative tumor burden expressed as higher tumor counts,
was strongly linked to higher RH incidence, reflecting the
role of microenvironmental changes, such as hypoxia and
vascular instability, in promoting angiogenesis.26e29

Vascular leakage, associated with a 172% increase in IRR
of new RHs, emerged as a potential predictive marker; in
keeping with this, biallelic inactivation of the VHL gene in
retinal cells has been shown to increase vascular perme-
ability and promote hemangioblastoma-like lesions,



Figure 5. KaplaneMeier survival curve showing the cumulative incidence of new RHs over time. This KaplaneMeier curve illustrates the cumulative
incidence of new RHs over time for all eyes included in the study. The analysis encompasses a total of 609 visits available for all eyes, with follow-up
durations ranging up to 160 months. The number of eyes at risk decreases over time, as indicated by the counts displayed below the timeline. RH ¼
retinal hemangioblastoma.
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reinforcing a proangiogenic environment.26e29 Finally,
baseline RHs in the same eye exhibited a protective effect,
reducing the IRR by >80%, even though an indirect effect
of age on this finding cannot be excluded.
Table 3. Factors Associated w

Variable Estimate P

Age (for each year) �0.033
Male gender (ref: female) �0.311
Null VHL variants (vs. missense variants) 0.159
Bilateral tumors (vs. unilateral tumors) 0.920
Baseline BCVA (for each logMAR) 0.143
Presence of any tumor at baseline in the same eye (ref: no) 0.099
Number of tumors in the same eye (for each lesion) 0.02
Central lesions (vs. peripheral lesions) 0.648
Intraretinal fluid (vs. no) �0.162
Exudation (vs. no) �0.531
Segmental diffuse vascular leakage (vs. no) 1.002

BCVA ¼ best-corrected visual acuity; CI ¼ confidence interval; IRR ¼ incide
RH ¼ retinal hemangioblastoma; VHL ¼ von HippeleLindau.
The Table 3 summarizes the results of the univariable analysis assessing the impa
estimated effect on the IRR, expressed as the percent change, along with the
indicates a protective factor, whereas a positive percentage reflects an increased
*Significant associations (P < 0.05).
The sensitivity analysis using Cox proportional hazards
models with frailty provided insights into the risk of
recurrent RHs using a survival statistical approach. Notably,
age was confirmed as a significant protective factor, with
ith the IRR of New RHs

ercentage Effect on IRR (Exponential) 95% CI P Value

�3.3 �0.06 to �0.01 0.013*
�26.8 �1.09 to 0.47 0.4
17.3 �1.17 to 1.49 0.812
151 �0.05 to 1.88 0.06*
15.3 �0.72 to 1.004 0.7
10.5 �0.62 to 082 0.5
29 �0.09 to 0.12 0.7
91.3 �0.15 to 1.44 0.11
�19.7 �1.27 to 0.91 0.6
�37.7 �1.52 to 0.68 0.5
172.3 0.06e1.94 0.03*

nce rate ratio; logMAR ¼ logarithm of the minimum angle of resolution;

ct of various predictors on the incidence of new RHs. For each variable, the
95% confidence interval and P value, is provided. A negative percentage
risk of RH development.
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Figure 6. Ultra-widefield FA and Optos pseudocolor fundus retinal imaging before and after laser photocoagulation treatment of RH. The central panels
show UWF FA (left) and Optos pseudocolor fundus retinal images (right) of the retina before and after treatment. Two small RHs are identified on FA: one
in the superior temporal field and the other in the superior nasal field. These small lesions are more challenging to detect on Optos pseudocolor fundus
retinal imaging, as highlighted in the magnified views at the top. After treatment, UWF FA images reveal hypoautofluorescent areas at the site of the treated
lesions. The magnified views at the bottom better illustrate these atrophic changes, which are more distinctly visible posttreatment. The arrowheads indicate
areas of atrophy within the zoomed-in regions, which are highlighted by white boxes in the figure. FA ¼ fluorescein angiography; RH ¼ retinal heman-
gioblastoma; UWF ¼ ultra-widefield.
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each additional year reducing the hazard of new RHs. Pe-
ripheral involvement was a significant risk factor for
recurrence, increasing the hazard by >15 times. The
observed predilection for recurrence in peripheral lesions
likely reflects a combination of both biological and clinical
factors. From a biological perspective, the peripheral retina
may be inherently more susceptible to proangiogenic stimuli
10
due to its lower vascular density, reduced autoregulatory
capacity, and increased vulnerability to subclinical
ischemia.30 This hypothesis is supported by UWF studies in
VHL disease itself as well as in other retinal vascular
disorders, such as diabetic retinopathy and sickle cell
retinopathy, in which peripheral ischemia has been
associated with neovascularization at the retinal periphery,
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particularly along the vascular arcades.31 In contrast,
posterior pole ischemia has been more consistently linked
to optic disc neovascularization.32,33 In the context of
VHL, chronic peripheral hypoxia may amplify the effects
of constitutive hypoxia-inducible factor activation,
fostering a permissive proangiogenic microenvironment that
facilitates tumor recurrence in the peripheral retina. As
previously demonstrated,34 stromal cells within RHs exhibit
biallelic VHL gene inactivation and elevated VEGF
expression, promoting neovascularization in the
surrounding tissue. The significantly higher recurrence risk
associated with peripheral tumor involvement may
therefore be partly explained by this localized VEGF
upregulation. Further supporting this hypothesis is
evidence of peripheral vascular leakage in VHL eyes,
indicative of ongoing vascular instability.19 In addition to
these biological considerations, clinical factors may also
play a significant role. Peripheral RHs are often more
difficult to detect early and may be less completely or less
aggressively treated than centrally located lesions,
particularly in the absence of UWF or when peripheral
visualization is suboptimal. As a result, these tumors may
have a higher likelihood of residual activity or regrowth.
The presence of RHs at baseline in the same eye again
showed a protective effect on the hazard of developing
new lesions.

Interestingly, this study did not identify a significant
difference in the risk of RH progression between null vari-
ants and missense variants of the VHL gene. This finding
aligns with previous evidence suggesting that, although null
variants are often associated with more severe systemic
manifestations of VHL syndrome, their impact on ocular
phenotypes may be less pronounced.8,29 It is possible that
the localized retinal microenvironment and other modifier
factors, play a more critical role in driving RH
progression. Future studies incorporating larger cohorts
and detailed genetic characterization could further
elucidate these genotype-phenotype correlations.

Visual outcomes remain a critical concern in ocular VHL
disease as the progressive nature of the condition poses
significant challenges to maintaining good vision. The vi-
sual burden of ocular VHL disease remains substantial, with
the mean BCVA declining from 0.05 (Snellen equivalent:
20/22) to 0.11 (Snellen equivalent: 20/25) logMAR over the
follow-up, reflecting the chronic progression of the disease.
Although 75% of eyes maintained stable vision, 25%
exhibited deterioration, primarily due to complications
secondary to RHs, with 5% progressing to blindness. These
findings align with prior reports,5 emphasizing the rarity of
severe visual impairment when timely interventions are
applied.
Laser photocoagulation remains the primary treatment
for extramacular and extrapapillary RHs, consistent with
established guidelines.8 Small RHs (<1.5 mm) were
managed effectively with single-session treatments, as re-
ported by Krivosic16 and Singh et al6 in separate cohorts.
However, posterior RHs near the optic disc or macula lack
safe and effective treatment options. Further longitudinal
studies are needed to identify the best management for
these rare, sight-threatening RH locations.

This study’s strengths include its robust cohort, extended
follow-up, and the use of UWF imaging for comprehensive
lesion analysis. However, limitations such as its retrospec-
tive design, exclusion of eyes with advanced disease, and
potential selection bias may limit generalizability. Addi-
tionally, the analyzed sample exclusively comprised in-
dividuals of Caucasian ethnicity, which may further restrict
the applicability of findings to more diverse populations.
Moreover, the study design required excluding cases of
advanced-stage disease. This constraint may have affected
the scope of the analysis, potentially limiting the ability to
fully capture the spectrum of disease progression and lon-
gitudinal visual changes in VHL syndrome.

Additionally, 6 eyes received a single intravitreal injec-
tion during the follow-up. Given the short-term effect of
intravitreal anti-VEGF injections (approximately 30 days)
and the low number of treated eyes, we do not expect a
significant impact on long-term RH recurrence rates, though
this remains a study limitation. Moreover, we recognize the
importance of evaluating whether systemic tumors correlate
with ocular disease severity, as this may provide insights
into genotype-phenotype associations. However, our study
did not include an analysis of extraocular manifestations of
VHL disease. The absence of systemic disease character-
ization limits a comprehensive assessment of potential cor-
relations between ocular and systemic tumor burden. Future
studies integrating longitudinal data on both ocular and
systemic disease to better elucidate these interactions.
Furthermore, 46% of patients in our cohort did not develop
tumors, suggesting potential protective factors or distinct
phenotypic traits. Further studies are needed to investigate
these mechanisms. Finally, the relatively small number of
events further constrained the statistical power of multi-
variable analyses.

This study highlights the recurrent nature of ocular VHL
disease, underscoring the importance of early detection,
individualized risk factors, and timely intervention to
manage RHs and preserve vision. Future research should
explore novel therapeutic strategies for posterior RHs and
investigate factors contributing to disease variability and
progression.
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