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ABSTRACT

Background To characterize different growth patterns of ret-
inal hemangioblastomas (RHs) in patients with von Hippel-
Lindau disease (VHLD) using swept-source optical coherence
tomography angiography (SS-OCTA).

Methods Single-center observational cross-sectional study.
SS-OCTA B-scans were centered over primary treatment-naive
RHs to display the perfusion in the inner, middle, and outer
areas (IA, MA, OA). Distinctive growth patterns were charac-
terized using K-means cluster analysis of the flow signal.
Results Annual screening of 201 patients with VHLD revealed
49 patients with 85 RHs (41 recurrent, 44 primary treatment-
naive RHs). High-quality SS-OCTA images were available for
24 primary RHs and were pooled with scans of the treat-
ment-naive form of 6 recurrent RHs, which were taken at a
prior visit, for further analysis. Out of 30 primary RHs, 18 were
located juxtapapillary (jRH) and 12 peripherally (pRH). K-
means cluster analysis distinguished seven exophytic (23.3%,
2 jRH, 5 pRH), nine endophytic (30%, 6 jRH, 3 pRH), and four-
teen sessile (46.7%, 10 jRH, 4 pRH) growth patterns. Fractions
of the flow signal in the IA, MA, and OA were 7.3+3.3%,
89.3+5.0%, and 3.4+3.5% for exophytic RHs, 22.2+7.4%,
65.6+7.3%, and 12.1+8.2% for sessile RHs, and 65.4%
5.7%,26.6 £4.9%, and 8.0 +6.1% for endophytic RH.
Conclusion OCTA contributes to further elucidating the
morphology of RHs as a useful complementary diagnostic
tool that can help to provide customized therapeutic ap-
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proaches in the future and thus improve the effectiveness of
RH treatment.

ZUSAMMENFASSUNG

Hintergrund Ziel der Studie ist die Charakterisierung unter-
schiedlicher Wachstumsmuster von retinalen Hdmangioblas-
tomen (RHs) bei Patienten mit Von-Hippel-Lindau-Krankheit
(VHLD) mittels Swept-Source optischer Kohdrenztomografie-
Angiografie (S5-OCTA).

Methoden Monozentrische Querschnittsstudie. SS-OCTA-B-
Scans von primdren, unbehandelten RHs wurden erstellt, um
die Perfusion in den inneren, mittleren und duBeren Berei-
chen (IA, MA, OA) der RH darzustellen. Charakteristische
Wachstumsmuster wurden mithilfe einer K-Means-Cluster-
Analyse des Flusssignals ermittelt.

Ergebnisse Bei jdhrlichen Screenings von 201 Patienten mit
VHLD wurden bei 49 Patienten 85 RHs (41 rezidivierende, 44
primare, unbehandelte RHs) detektiert. SS-OCTA-Scans von

24 primdren RHs wurden zusammen mit Aufnahmen der un-
behandelten Form von 6 rezidivierenden RHs, die bei einem
friiheren Besuch erhoben wurden, zur weiteren Analyse zu-
sammengefiihrt. Von den 30 primédren RHs waren 18 juxtapa-
pilldr (jRH) und 12 peripher (pRH) gelegen. Mittels K-Mittel-
Cluster-Analyse wurden sieben exophytische (23,3%, 2 jRH,
5 pRH), 9 endophytische (30%, 6jRH, 3 pRH) und 14 sessile
(46,7%, 10jRH, 4pRH) Wachstumsmuster unterschieden.
Die jeweiligen Anteile des Flusssignals in der IA, MA und OA
betrugen 7,3+ 3,3%,89,3+5,0%, 3,4 +3,5% flir exophytische
RHs, 22,2+7,4%, 65,6 +7,3%, 12,1+ 8,2% flir sessile RHs und
65,4+5,7%,26,6 +4,9%, 8,0+ 6,1% fir endophytische RHs.
Schlussfolgerung Die OCTA bietet als erganzendes diagnos-
tisches Verfahren einen wertvollen Beitrag zur weiteren Auf-
klarung der Morphologie von RHs. Sie kann zukinftig zur Ent-
wicklung individuellerer therapeutischer Ansitze beitragen
und dadurch die Effektivitdt der Behandlung von RH bei VHLD
verbessern.

List of Abbreviations
RH retinal hemangioblastoma
VHLD von Hippel-Lindau disease

SS-OCTA  swept-source optical coherence tomography
angiography

jRH juxtapapillary retinal hemangioblastoma
pRH peripherally retinal hemangioblastoma

IA, MA, OA inner, middle, and outer area

ONL outer nuclear layer

RPE retinal pigment epithelium
IPL inner plexiform layer

ILM internal limiting membrane
FA fluorescein angiography
SS-OCT swept-source OCT

SD spectral domain

StD standard deviation
Background

Von Hippel-Lindau disease (VHLD) is a rare autosomal dominant
inherited phacomatosis [1-3] characterized by the development
of vascular tumors or cysts in various organ systems [4-7], most
commonly, hemangioblastomas in the brain and retina [4-7]. Ret-
inal hemangioblastoma (RH) occurs in 50 to 70% of VHLD patients
[8-10], with an increasing prevalence with age, affecting 90% of
those patients over 60 years [11-14].

Clinically, RHs appear as reddish, spherical, vascular lesions in
the peripheral retina (pRH) and - more rarely - in the juxtapapil-
lary area (jRH) [15,16]. Morphologically, three different growth
patterns of pRH and jRH have been described in regards to the lo-
calization in the retina [17]: exophytic, sessile, and endophytic
(Supplemental Fig. 1). Exophytic RHs are nodular, reddish or
orange-colored lesions and grow in the outer layers of the retina
(between the outer nuclear layer [ONL] and retinal pigment epi-
thelium [RPE]). Sessile RHs are relatively flat, gray, orange, or red-

dish in color, and develop in the middle layer of the retina (be-
tween halfway to the inner plexiform layer (IPL) and ONL). Endo-
phytic RHs grow on the surface of the optic nerve or retina be-
tween the internal limiting membrane (ILM) and halfway to the
IPL. Endophytic RHs may protrude into the vitreous cavity [17,18].

Despite their benign nature in general, RHs can cause subreti-
nal fluid or retinal traction, resulting in visual impairment if left
untreated [8]. Early detection through regular monitoring and ap-
propriate treatment can significantly impact the visual prognosis
[8]. Depending on tumor location, size, and morphology, treat-
ment options for RHs include observation, off-label use of belzuti-
fan [19], thermal laser photocoagulation, photodynamic therapy,
cryotherapy, radiotherapy, and vitreoretinal surgery.

Conventional ophthalmic screening examinations, including
ophthalmoscopy and fundus photography, often fail in detecting
smaller RHs [20, 21]. Fluorescein angiography (FA) shows a higher
detection rate of RHs than clinical examination alone but s an inva-
sive diagnostic tool [22]. Furthermore, optical coherence tomogra-
phy angiography (OCTA) has been proposed as a noninvasive tool
for early detection of RHs, monitoring their progression, and eval-
uating treatment efficacy [20,21]. OCTA is based on motion con-
trast to image blood flow, with no need for an intravascular dye in-
jection [22]. A new generation of OCTA uses a swept-source OCT
(SS-OCT) system, which allows a deeper tissue penetration with a
faster acquisition time compared to older spectral-domain (SD)
OCTA generations [23]. Hence, SS-OCTA is able to reduce shadow-
ing artifacts due to subretinal fluid better than SD-OCTA [24] and
might therefore be preferred when imaging RHs [20].

Being already administrated for early detection of RHs [21] and
follow-up after treatment [25], Smid et al. [26] used OCTA as an
imaging tool for jRH classification in a single patient. However,
data from a systematic application of OCTA technology to differ-
entiate RH flow patterns in a large number of patients is not yet
available. Therefore, this study aimed to correlate a growth pat-
tern of RHs with their vascular structure defined by flow in OCTA
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» Fig. 1 Image processing. Representative optical coherence tomography angiography (OCTA) en face image (a), as well as three different OCTA
B-scan slabs (b1-3) are illustrated. Graders outlined the inner, middle, and outer (outer nuclear layer and retinal pigment epithelium) area of the
tumor (c1-3). The inner area (yellow) is located between the internal limiting membrane and halfway to the inner plexiform layer, the middle area
(blue) between halfway to the inner plexiform layer and the outer nuclear layer, and the outer area (orange) between the outer nuclear layer and

the retinal pigment epithelium.

and possibly facilitate a more individualized and targeted treat-
ment in the future.

Methods

Study design

This was an observational, single-center, cross-sectional study ap-
proved by the institutional Ethics Committee of the University of
Freiburg, Germany (ID number 360/19) and adhered to the tenets
of the Declaration of Helsinki. Written informed consent was ob-
tained from each subject.

Study population

A total of 217 consecutive patients with confirmed VHL gene mu-
tation or clinically suspected VHLD due to VHLD in their family his-
tory or the presence of typical VHLD tumors were routinely exam-
ined at the Eye Center, Faculty of Medicine, University Freiburg,
Germany, between January 2019 and February 2020. Patient char-
acteristics such as sex, date of birth, and detected VHL gene mu-
tation were documented.

Ophthalmological examination

All patients underwent a comprehensive ophthalmological exami-
nation, including best-corrected visual acuity, slit lamp microsco-
py. and dilated fundus examination including fundus photographs
(FF450 fundus camera, Carl Zeiss, Meditec, Dublin, California,
USA).

Optical coherence tomography angiography

All detected RHs underwent OCTA imaging using the PLEX Elite
9000 (Carl Zeiss, Meditec, Dublin, California, USA). The Zeiss PLEX
Elite 9000 uses full spectrum SS-OCT with a light source wave-
length of 1050 nm, an A-scan rate of 100000 A-scans per second,
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and an A-scan depth of 3.0 mm in tissue (1536 pixels). The OCTA
system utilizes the optical microangiography (OMAG) algorithm
to decorrelate and visualize the blood flow signal within a blood
vessel. A real-time image stabilizer (FastTrac Carl Zeiss, Meditec,
Dublin, California, USA) minimized motion artefacts. Additionally,
a 3x3-mm or, in case of a larger tumor size, a 6 x 6-mm volume
scan with an axial scan depth of 2 mm each was obtained.

Lesion inclusion criteria

For further analysis, only images of primary treatment-naive RHs
that were completely captured in the scanned area were included.
In case of a recurrence of a pretreated RH, scans taken at prior vis-
its of the treatment-naive RHs were added, if available. Only im-
ages of adequate signal strength of at least seven out of ten, as
per the manufacturer’s software, were included.

Image processing

As illustrated in » Fig. 1, two graders (M.R., A.G.) outlined the in-
ner, middle, and outer area (IA, MA, OA) in three B-scans of each
RH using a Java and JavaScript custom-coded tool. Training and fa-
miliarization with the annotation tool was performed using OCTA
images that were not included in the final grading. Two graders
reached a consensus outline for each image. The total number of
pixels depicting the flow signal (red pixels) in each outlined area
(IA, MA, OA) was determined by the self-programmed tool. The
mean flow signal of the corresponding outlined areas of the three
B-scans of each RH was averaged for the further analysis.

Statistical analysis

GraphPad PRISM (GraphPad Software, version 8, San Diego, CA,
USA) was used for statistical analysis. For descriptive data analysis,
mean * standard deviation (StD), median, as well as minimal and
maximal values (range) were calculated. K-means cluster analysis,
clustering for the three groups, was conducted including the
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» Table 1 K-means cluster analysis of the percentage of distribution of the flow signal measured in the entire tumor area over the inner, middle, and
outer retinal layers. In accordance with the clinical picture, the clusters were assigned to the three tumor morphologies. The results are illustrated in

» Fig. 2. StD = standard deviation.

Morphology
Inner retinal layers
Mean StD Range
Cluster 1 Exophytic 7.3 33 1.8-12.5
Cluster 2 Sessile 222 7.4 7.4-32.6
Cluster 3 Endophytic 65.4 5.7 54.4-72.2

three tumor areas - inner, middle, and outer retinal layers — as var-
iables. According to their clinical representation, the three RH
morphologies - endophytic, sessile, exophytic - were assigned to
the three clusters. Due to the small number of cases, the differ-
ence in the VHL gene variant of the patients between the three
RH morphology types was only described descriptively.

Results

Patient characteristics and detected
retinal hemangioblastomas

Out of a total of 217 suspected VHLD patients, 201 patients were
eligible and included in the study (male/female, 80/121 patients,
39.8/60.2%). Five patients were excluded due to neither clinical
nor genetical confirmation of VHLD. Eleven patients were not
included due to missing informed consent. The mean age of the
cohort at the study examination was 39.5+16.6 years (range
from 7 to 82 years). Detailed information about the data collec-
tion is summarized in Supplemental Fig. 2.

There were 85 RHs detected in 49 patients. In relation to the
complete study cohort (n=201) this results in a mean of 0.42 =
0.88 RH per patient (range 0 to 5). Forty of these 49 patients
(81.6%) had at least one RH in one eye, and nine patients in both
eyes (18.4%). Twenty-six (53.1%) patients had one active RH, 14
(28.6%) patients two RHs, six (12.2%) patients three RHs, two
(4.1%) patients four RHs, and one (2.1%) patient five RHs. Fifty
(58.8%) of the 85 RHs were located in the right eye, 35 (41.2%)
in the left eye. Twenty-three RHs (27.1%) in 17 patients were lo-
cated peripapillary (12 in the right eye, 11 in the left eye). Twelve
patients had one jRH in one eye, four patients had two jRHs (one
patient had one jRH in both eyes, three patients had two jRHs in
one eye), and one patient had two jRHs in one eye and one jRH in
the other eye. Of the 62 pRHs, 41 (66.1%) were located in or adja-
cent to a pretreated area and therefore considered as recurrent
RHs and 21 (33.9%) were primary RHs.

OCTA imaging

Out of 44 detected primary RHs (21 pRHs, 23 jRHs), OCTA images
of 24 lesions were suitable for further analysis. Suitable OCTA im-
ages of six recurrent RHs from a prior visit when the RH was treat-
ment-naive were available. Therefore, in total, 30 OCTA images of

Middle retinal layers

Percentage of distribution of the flow signal measured in the entire tumor area (%)

Outer retinal layers

Mean StD Range Mean StD Range
89.3 5.0 80.3-94.7 3.4 3.5 0-10.5
65.6 7.3 52.8-75.2 12.1 8.2 0.1-27.2
26.6 4.9 19.9-35.0 8.0 6.1 0.1-21.5
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» Fig. 2 K-means cluster analysis of the percentage of distribution
of the flow signal measured in the entire tumor area over the inner,
middle, and outer retinal layers. In accordance with the clinical pic-
ture, the clusters were assigned to the three tumor morphologies.

primary RH from 21 patients could be included in the data analy-
sis. One patient had three primary RHs, seven patients two pri-
mary RHs, and 14 patients one primary RH. Eighteen of the 30 pri-
mary RHs were jRH (60%), and 12 were pRH (40%). Median signal
intensity was 9 out of 10 (range 7 to 10 out of 10).

Morphology of juxtapapillary and peripheral

retinal hemangioblastomas revealed by OCTA

The distribution of the flow signal in the 1A, MA, and OA tumor
area is shown in » Table 1 and Fig. 2. K-means cluster analysis
separated seven exophytic (23.3%, 2 jRHs, 5 pRHs), nine endo-
phytic (30%, 6jRHs, 3pRHs), and fourteen sessile (46.7%,
10jRHs, 4 pRHs) growth patterns. Representative cases of endo-
phytic, sessile, and exophytic jRHs and pRHs are illustrated in
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» Fig. 3 Representative cases of exophytic, sessile, and endophytic juxtapapillary and peripheral retinal hemangioblastomas. Photography (a-f),
optical coherence tomography angiography (OCTA) en face image (a’-f'), as well as the location of the B-scan slabs (a'’~f'") and three different
OCTA B-scan slabs (a’''—f'""") are illustrated. The clinical history of the shown cases is listed in Supplemental Table 1.

» Fig. 3 Clinical data of these cases is provided in Supplemental
Table 1.

Exophytic RHs were nodular, reddish, or orange colored
(» Fig. 3a and b). In the OCTA en face image, these RHs showed
a relative dense flow pattern and were clearly demarcated from
the surrounding tissue (> Fig.3a’' and b’). Their dense vascular
signal is depicted in » Fig. 3a’"" and b'"". The RHs displace the sur-
rounding tissue, leading to a focally thickened perilesional retina
and exudation with intraretinal fluid.

Sessile RHs were relatively flat and grayish, orange, or reddish
in color (» Fig. 3c and d). In the OCTA en face image, these RHs
showed a lesser flow signal than the exophytic lesion and were
less clearly demarcated from the surrounding tissue due to vascu-
lar loops protruding on/from the edge of the RH (» Fig. 3¢’ and d
'). These RHs showed penetration of the surrounding tissue rather
than a displacing growth pattern (> Fig.3c’"" and d'’’). The retina
showed a rather flat configuration.

Endophytic RHs were reddish or orange colored and grew on
the surface of the optic disc or retina (» Fig. 3e and f). In the OC-
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TA en face image, a lower dense flow was detected in these RHs
than in exophytic lesions. Like sessile tumors, endophytic RHs
demonstrated less clearly demarcated borders from the sur-
rounding tissue compared to the exophytic growth types
(» Fig. 3e’ and f'). Hence, sessile and endophytic growth lesions
showed similar features in OCTA en face scans. OCTA B-scans of
endophytic RHs revealed a dense flow signal and thickening of
the inner retinal layers (> Fig.3e'’’ and f'’’). The RHs protruded
into the vitreous cavity and progressively into deeper retinal
layers.

Interestingly, one RH presented with two different patterns -
exophytic and sessile - as shown in » Fig. 4 (case 6, Supplemental
Table 1). Whether this RH was a single tumor with two different
growth patterns, or two different tumors very closely localized to
each other, cannot be distinguished by classic OCTA imaging.
Therefore, only results of the nodular orange-colored part of the
RH (» Fig. 4c, red) were included in the K-means cluster analysis.
Of the eight patients having more than one primary RH, different
growth patterns of these RHs could be identified in four patients.
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photography B-scan slabs OCTA B-scan

1

OCTA en face

» Fig. 4 Representative case of a peripheral retinal hemangioblastomas with different patterns. In the photography (a), a nodular orange-colored
tumor is presented. In the optical coherence tomography angiography (OCTA) en face image (b, c), this part of the tumor is clearly demarcated
from the surrounding tissue (c, red). However, in the OCTA en face image, a second part of the tumor is shown (c, yellow), which only appears in the
photography (a) after closer inspection as flat and reddish. In the OCTA en face image (b, c), this part of the tumor shows a less clearly demarcation
from the surrounding tissue due to vascular loops protruding at the edge of the tumor. The different morphologies are confirmed in the OCTA B-
scans (d, e), showing a percentage of distribution of the flow signal as follows: 1.8% in the inner retinal layers, 94.4% in the middle retinal layers,
3.8% in the outer retinal layers (c, red); 31% in the inner retinal layers, 58.7 % in the middle retinal layers, 10.3 % in the outer retinal layers (c, yellow).

In the other four patients with more than one primary RH, the
same growth patterns of the RH were detected.

Genetic subanalysis

Information regarding the VHL sequence variant was available for
17 patients. All three RH growth patterns were detected in pa-
tients with a truncating variant and patients with a single amino
acid substitution. Five exophytic, five sessile, five endophytic RHs
were detected in eleven patients with a truncating VHL gene vari-
ant, and two exophytic, three sessile, two endophytic RHs in six
patients with a single amino acid substitution. Consequently, an
association of the RH morphology and the genotype could not
be detected.

Discussion

RHs remain a major cause of visual impairment or even loss of
vision in patients with VHLD [8]. Since RHs are rare, there was a
lack of a cohort demonstrating all three morphologies of jRHs
and pRHs in one study. Including 201 patients, this study analyzes,
for the first time, the flow distribution of juxtapapillary and pe-
ripheral RHs measured by OCTA, including all growth patterns,
as illustrated in » Fig. 3. Whether this additional information will
lead to better therapeutic results remains to be seen.

Besides tumor size, tumor location (juxtapapillary or peripher-
al) and associated ocular findings, such as extent of subretinal flu-
id or retinal traction, the morphology of an RH is an important fac-
tor for the choice of optimal treatment [15]. Watchful waiting,
off-label use of belzutifan [19], thermal laser photocoagulation,
photodynamic therapy, cryotherapy, radiotherapy, and vitreoreti-
nal surgery are described as possible treatment options for pRH
[15]. Regarding jRH, vitreoretinal surgery is considered mainly
for endophytic lesions due to their surgical accessibility [27],
whereas intravitreal bevacizumab (with limited effectiveness) or
verteporfin photodynamic therapy can be considered for sessile
and exophytic RHs [28]. Since early detection of RH is important

to minimize therapy as much as possible, all diagnostic possibil-
ities including OCTA and fluorescence angiography (FAG) should
be used to identify and classify the retinal tumor in VHLD as early
as possible.

Different growth types of RHs have been described in the liter-
ature [15,17,18,29]. Whereas some authors differentiate only
between exophytic and endophytic growth types [29], the classi-
fication between exophytic, sessile, and endophytic growing RHs
is more common [15,17,18] and therefore was used in our study.
Since surgical removal of RHs is rarely necessary, only a few case
reports describe the different growth patterns of RHs histologi-
cally [30]. Classification of tumor morphology is usually based
upon the clinical picture of the tumor [17, 18], whereby FAG can
provide additional information [17]. However, using only these
methods of investigation, it is sometimes difficult to distinguish
the different growth patterns.

As shown in previous studies, OCTA may serve as an additional
tool for sensitive detection and monitoring of RHs [20, 25]. It also
adds information on the flow properties of this vascular tumor,
with a precision that cannot be achieved by invasive angiography.
There are few case reports using OCTA for the classification of RH
morphology [26]. Our study adds to this information in a systemic
manner based on a large cohort of patients with VHDL. Endo-
phytic and sessile growth types show flow signal distribution pat-
terns, with the strongest flow signal in inner and middle retinal
layers, respectively (see » Fig. 2). Surprisingly, exophytic growth
types show the most intense flow signal in the middle retinal
layers instead of the outer retinal layers. This might be explained
by the fact that, although using SS-OCTA, exophytic tumors show
pronounced shadowing artifacts that usually appear after a small
penetration depth into the tumor tissue due to their very dense
flow (see » Fig. 3 and 4). Therefore, the flow signal in deeper reti-
nal layers cannot be detected reliably. The surrounding tissue is
displaced rather than penetrated, leading to the nodular form of
this tumor type and to a pronounced thinning of the middle and
inner retinal layers in the tumor area. The increased flow signal of
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the exophytic growth type therefore appears to be projected into
middle retinal layers, although this tissue may have been com-
pletely pushed aside by the tumor and the measured flow signal
could originate from the thickened outer retinal layers.

Little is known about the incidence of the different RH mor-
phologies. In the study by McCabe et al. [18], 72 jRHs in 68 pa-
tients were examined. Fundus photographs were used to describe
the growth type of the tumors, revealing a prevalence of about
30% for each growth pattern. Our study revealed that the sessile
growth pattern is more common than endo- and exophytic le-
sions, including jRHs and pRHs (23.3% exophytic, 46.7% sessile,
30% endophytic). An association of the different tumor growth
patterns with the underlying VHL gene mutation is not described
in the literature yet and could also not be found in our study.

Our study is limited by the small number of RHs accessible for
scanning, despite the large number of included subjects. Another
important limitation is that inner, middle, and outer retinal layers
in the area of the RH were manually outlined. Although the used
slabs were blinded and outlining was performed by joint agree-
ment of two different graders, there might be a selection bias in
outlining the different layers. Further studies are needed using a
higher number of primary tumors and, ideally, a grader-indepen-
dent algorithm in analyzing the different flow signal patterns of
the different RH growth patterns.

Conclusions

This study was able to correlate flow patterns measured by OCTA
with all three RH morphologies — endophytic, sessile, exophytic -
in jRHs as well as pRHs. Since the tumor morphology is an impor-
tant factor in the choice of treatment, information from OCTA
scans can contribute to a more adjusted therapy of RHs and there-
fore might help to improve the visual prognosis of patients with
VHLD in the future.

CONCLUSION

Already known:

OCTA has been described as a useful tool for early RH detec-
tion, classification of single lesions, and post-treatment mon-
itoring; however, its use in systematically classifying RH flow
patterns across a broad patient sample remains unexplored.
This study examines whether RH growth patterns correlate
with flow patterns in OCTA.

Newly described:

There is a correlation between the flow patterns measured by
OCTA and the three distinct RH morphologies—endophytic,
sessile, and exophytic—in both juxtapapillary RHs and periph-
eral RHs. Given the critical role of tumor morphology in de-
termining treatment approaches, OCTA scan data could sup-
port more tailored therapeutic strategies for RHs, potentially
enhancing the visual prognosis for patients with VHLD in the
future.
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