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Purpose: Toevaluate early detectionof retinal hemangioblastomas (RHs) in vonHippel–
Lindau disease (VHLD) with widefield optical coherence tomography angiography
(wOCTA) compared to the standard of care in ophthalmologic VHLD screening in a
routine clinical setting.

Methods:Weconductedprospective comparisons of three screeningmethods:wOCTA,
standardophthalmoscopy, andfluorescein angiography (FA),whichwasperformedonly
in uncertain cases. The numbers of detected RHs were compared among the three
screening methods. The underlying causes for the lack of detection were investigated.

Results: In 91 eyes (48 patients), 67 RHs were observed (mean, 0.74 ± 1.59 RH per eye).
FAwas performed in eight eyes. Ophthalmoscopy overlooked 25 of the 35 RHs detected
by wOCTA (71.4%) due to the background color of the choroid (n = 5), small tumor size
(n = 13), masking by a bright fundus reflex (n = 2), and masking by surrounding retinal
scars (n = 5). However, wOCTA missed 29 RHs due to peripheral location (43.3%). The
overall detection rates were up to 37% on the basis of ophthalmoscopy alone, up to
52% forwOCTA, and89% for FA.Within the retinal area coveredbywOCTA, thedetection
rates were up to 46.7% for ophthalmoscopy alone, up to 92.1% for wOCTA, and 73.3%
for FA.

Conclusions: The overall low detection rate of RHs using wOCTA is almost exclusively
causedby its inability to visualize the entire peripheral retina. Therefore, in unclear cases,
FA is necessary after ophthalmoscopy.

Translational Relevance: Within the imageable retinal area, wOCTA shows a high
detection rate of RHs and therefore may be suitable to improve screening for RHs in
VHLD.
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Introduction

von Hippel–Lindau disease (VHLD) is an
autosomal-dominant inherited phacomatosis1 with a
predisposition for multifocal tumors such as neuroen-
docrine tumors in the pancreas and adrenal gland,
renal carcinomas, and hemangioblastomas in the
central nervous system and retina.2–4 Retinal heman-
gioblastomas (RHs) are a common ocular manifesta-
tion in VHLD. A prevalence of up to 79% has been
reported.5 Average age of onset for RHs is between
25 and 30 years6–8; nevertheless, RHs have also been
described in childhood.9 RHs are benign tumors that
usually consist of proliferations of endothelial and
glial cells.10 However, despite their benign nature,
loss of vision and even blindness can be caused by
RHs due to associated subretinal fluid and exudative
or tractional retinal detachment.11 Because RHs can
occur at any age and usually in early stages do not
cause any symptoms, life-long screening for RHs is
necessary.12 This screening has to be repeated regularly
and includes a thorough examination of the whole
retina.12,13 Fluorescein angiography (FA) shows a
higher detection rate of RHs than clinical examina-
tion.14 However, due to the dye injection, FA is an
invasive, time-consuming procedure that poses risks
for the patient.15 Treatment options for peripheral
RHs include laser photocoagulation, cryotherapy,
brachytherapy, transpupillary thermotherapy, and
intravitreal injection of vascular endothelial growth
factor inhibitors.13,16

Optical coherence tomography angiography
(OCTA) enables high-resolution imaging of the
microvascular structure of the retina. The vascular
pattern is detected based on changes in reflectance
patterns of repeated B-scans.17 In contrast to FA,
dye injection is not necessary.18 In addition to its use
to image the more common retinal diseases such as
diabetic retinopathy, central serous retinopathy, and
age-related macular degeneration,18,19 OCTA has also
been established as an imaging technique for RHs in
VHLD.20–23 It can be used to detect RHs, to evaluate
treatment effects, and to monitor progression of the
RHs.21,22 Nevertheless, there are limiting factors that
affect OCTA measurements, such as the reduced angle
of view and possible shadowing artifacts.20–23

Although OCTA was initially limited to the central
retina, today widefield images can be obtained, as
well.24 For example, in diabetic retinopathy, widefield
OCTA (wOCTA) has been reported to have a better
detection rate of retinal vascular proliferations than
ophthalmoscopy alone.24 This might also apply to
the detection of RHs in VHLD. Early treatment

improves the prognosis for smaller RHs but requires
accurate localization. Unfortunately, very small RHs
can easily be overlooked.12 Therefore, the primary aim
of our study was to compare the detection rate of
RHs in VHLD via wOCTA with the detection rate
of RHs via ophthalmoscopy. In a second step, we
aimed to compare the detection rates of RHs for
OCTA, ophthalmoscopy, and FA in cases where FA
was performed for crucial therapeutic decisions.

Methods

Study Design

This was a prospective, single-center, cross-sectional
study approved by the institutional Ethics Committee
of the University of Freiburg, Freiburg, Germany (ID
number 360/19), and it adhered to the tenets of the
Declaration of Helsinki. Signed informed consent was
obtained from all participants.

Study Population

A total of 50 consecutive patients with VHL-gene
mutation confirmed or clinically suspected VHLD due
to VHLD in their family history or the presence
of typical VHLD tumors were routinely examined
at the Eye Center, Faculty of Medicine, University
Freiburg, Germany, between May 2020 and October
2020. Patient characteristics such as sex, date of birth,
and detected VHL-gene mutation were documented
after clinical examination.

Ophthalmological Examination

All patients underwent the following examinations
in the listed order. First, autorefraction and best-
corrected visual acuity evaluations were performed
by medical technical assistants. After dilation with
tropicamide 1% eye drops, ultra-widefield photographs
(P200DTx/A10650; Optos, Dunfermline, UK) were
obtained.

Optical Coherence Tomography Angiography
OCTA images were recorded with the commercially

available ZEISS PLEX Elite 9000 OCTA system (Carl
Zeiss Meditec, Dublin, CA), which uses full-spectrum
swept-source OCT with a light-source wavelength of
1050 nm, an A-scan rate of 100,000 A-scans per
second, and an A-scan depth of 3.0 mm in tissue (1536
pixels). The OCTA system utilizes the optical microan-
giography algorithm to decorrelate signal detection.
A real-time image-stabilizer (FastTrac; Carl Zeiss

Downloaded from hwmaint.iovs.org on 05/06/2024



Widefield OCTA in Von Hippel–Lindau Disease TVST | February 2024 | Vol. 13 | No. 2 | Article 8 | 3

Meditec) ensures a minimum of movement artifacts.
The built-in montage software tool was used to
create wOCTA images using five 12 × 12-mm2 scans
distributed over the retinal surface. If an area in the
wOCTA image was considered suspect, an additional
3 × 3-mm2 scan of this area was performed. Results
were interpreted by two investigators (MD, MR)
experienced with VHLD and OCTA imaging.

Slit-Lamp ExaminationWith Ophthalmoscopy
Biomicroscopy of the anterior segment and fundus

examination were performed by doctors familiar with
VHLD (AG, FB, MF, SJL, VG, YL). Three differ-
ent Volk lenses (SuperField; digital widefield 90D,
20D, or Pan Retinol 2.2; and 3-Mirror; Volk Optical,
Mentor, OH)were used for the ophthalmoscopy.Ultra-
widefield photography was obtained to assist with
orientation during ophthalmoscopy.

Fluorescein Angiography
In the clinical practice of the Eye Center, Faculty

of Medicine, University Freiburg, Germany, FA is
performed in VHLD patients when ophthalmoscopy
is not sufficient to make a treatment decision. There-
fore, in this study, we performed FA only in cases
where the treatment decision was not clear after
ophthalmoscopy and OCTA. FA was performed with
the SPECTRALIS Ultra-Widefield Imaging Module
(Heidelberg Engineering, Heidelberg, Germany).
Obtained images were interpreted independently by
experienced FA specialists (HA, CL).

Inclusion and Exclusion Criteria

Only patients with confirmed VHL-gene mutation
or clinically expected VHLDwere included. According
to their medical history, patients with systemic disease
such as diabetes mellitus or cardiovascular diseases
were not included. Furthermore, patients with other
retinal diseases or eyes with silicon oil tamponade were
excluded. Eyes revealing media opacities, such as an
advanced cataract, were also excluded due to reduced
OCTA signal strength, as well as eyes with a refractive
error exceeding −7 diopters (D) due to their negative
impact on image quality in the periphery. Only images
with signal strength equal to or greater than 7 were
included. If the image quality was not sufficient due
to other artifacts, such as motion artifacts, then the
images were excluded from the study ex post.

Documentation of the Detected RHs

Localizations of detected RHs were plotted on
retinal maps independently based on investigator

group (ophthalmoscopy, OCTA, FA). Additional high-
resolution photography of the detected RHs with
an FF450 fundus camera (Carl Zeiss Meditec) was
performed. Only tumors that were detected by two
independent examiners were included in the analysis.
If there was disagreement, an attempt was made to find
a common consensus between the two examiners. If a
common consensus could not be found, the tumor was
declared to be not reliably detected (“suspected diagno-
sis”) and was excluded from the data analysis.

Quantitative Measurement of the
Percentage of the Retina Examined

Although only about 40% to 50%of the entire retina
can be examined with wOCTA, slit-lamp examination
with ophthalmoscopy and performing FA offer the
possibility of examining the entire retina. A quanti-
tative measurement of the percentage of the retina
examined with the individual examination methods
was not performed.

Tumor Size Measurement

The tumor size was estimated via ophthalmoscopy
in relation to the optic disc size as follows: <0.25 disc
diameter (DD), 0.25 to 1DD, 1 to 2DD, and>2DD.22

Statistical Analysis

SPSS Statistics 20.0 (IBM, Chicago, IL) was used
for statistical analysis. For the descriptive data analy-
sis, mean ± standard deviation (SD), as well as median
and minimal and maximal values (range), were calcu-
lated. The total amount of detectedRHswas combined
from the results of all three examination techniques
(ophthalmoscopy, wOCTA, and FA). This reference
value was used to calculate the individual detection rate
of each examination technique. Detection rates were
obtained using SPSS Statistics 20.0 cross-tabulation
analysis. For analysis of statistical significance, the χ2

test was used; P < 0.05 was considered statistically
significant. In order to do justice to the situation that
the current wOCTAs can only image 40% to 50% of the
entire retina, the analyses were performed twice: first, in
relation to the entire retina, and, second, in relation to
only the retinal area that can be imaged by wOCTA.

Results

Patient Characteristics

Data for 50 consecutive patients (97 eyes) were
obtained (Fig. 1). In three patients, data were available
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Figure 1. Flow chart of patients screened and included in the
study.Data regarding thepatient inclusion andexclusion criteria and
the screening methods performed are shown.

for only one eye due to prior enucleation of the fellow
eye because of complications after treatment of RHs.
Thirty-two patients were female (64%), and 18 patients
were male (36%). Mean age at study inclusion was 38.8
± 18.0 years (median, 38.1; range, 8.1–70.7). VHL-
gene mutation was confirmed in 40 patients. None of
the patients presented concomitant maculopathy or
retinopathy. Two eyes of one patient were excluded due
to high myopia and one eye of another patient due
to intravitreal silicon oil after previous vitrectomy due
to retinal detachment. OCTA images showed motion
artifacts due to nystagmus in both eyes of one patient
and shadowing artifacts due to a dense cataract in one
eye of another patient. These eyes were also excluded
from further analysis due to insufficient image quality.
Therefore, in total, 91 eyes of 48 patients could be
included in the data analysis. FAwas performed in eight

Figure 2. Localization, clinically estimated tumor size, detectability, and diagnostic reliability of the detected 67 retinal hemangioblas-
tomas. Results of all three screening methods—ophthalmoscopy, wOCTA, and FA—are given separately. The tumor sizes were determined
on the basis of vertical optic disc diameter (DD).
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Table 1. Number of Reliably Detected RHs in the Whole Retina by Screening Method

Detected RHs, n (%)

91 Eyes Examined
With Osc and OCTA

8 Eyes Examined With
Osc, OCTA, and FA

Total number of detected RHs 67 (100) 35 (100)
Osc 25 (37.3) 11 (31.4)
Detected in Osc but not in OCTA 15 (22.4) 6 (17.1)
Detected in Osc but not in FA — 0 (0)

OCTA 35 (52.2) 12 (34.3)
Detected in OCTA but not in Osc 25 (37.3) 6 (17.1)
Detected in OCTA but not in FA — 4 (11.4)

FA — 31 (88.6)
Detected in FA but not in Osc — 20 (57.1)
Detected in FA but not in OCTA — 23 (65.7)

FA revealed seven peripherally located spots that were defined as suspected tumors by only one of the two investigators.
A clear conclusive statement about the actual presence of a tumor could not be made for these spots; therefore, these spots
are not listed in the table. Osc, ophthalmoscopy.

Table 2. Number of Reliably Detected RHs Within the Retinal Area Covered by OCTA by Screening Method

Detected RHs, n (%)

91 Eyes Examined
With Osc and OCTA

8 Eyes Examined With
Osc, OCTA, and FA

Total number of detected RHs 38 (100) 15 (100)
Osc 12 (31.6) 7 (46.7)
Detected in Osc but not in OCTA 2 (5.3) 2 (13.3)
Detected in Osc but not in FA — 0 (0)

OCTA 35 (92.1) 12 (80)
Detected in OCTA but not in Osc 25 (65.7) 5 (33.3)
Detected in OCTA but not in FA — 4 (26.7)

FA — 11 (73.3)
Detected in FA but not in Osc — 4 (26.7)
Detected in FA but not in OCTA — 3 (20)

FA revealed seven peripherally located spots that were defined as suspected tumors by only one of the two investigators.
A clear conclusive statement about the actual presence of a tumor could not be made for these spots; therefore, these spots
are not listed in the table.

eyes of five patients. A sufficient treatment decision was
not possible after ophthalmoscopy and OCTA for five
patients (eight eyes); therefore, FA was performed in
these patients.

Retinal Hemangioblastoma Detection

A total of 67 RHs in 91 eyes (48 patients) were
detected (mean, 0.74 ± 1.59 RH per eye; median, 0;
range, 0–9): 35 in the right eye and 32 in the left eye.
Additionally, seven RHs were suspected by only one of
the two investigators interpreting FA images and there-
fore were not included in the further analysis as RHs.

Five RHs were located peripapillary (7.5%) and 62
RHs were located peripherally (92.5%). Of the periph-
erally located RHs, 35 were primary tumors (52.2%);
27 peripherally located RHs were located in pretreated
areas (40.3%) and therefore were considered as recur-
rent RHs. The tumor sizes of 44 RHs were <0.25 DD
(65.7%); of 20 RHs, 0.25 to 1 DD (29.9%); of two
RHs, 1 to 2 DD (3%); and of one RH, >2 DD (1.5%).
Figure 2 illustrates which RH was detected with
which screening method. The absolute number of RHs
detected using each of the three screening methods is
presented in two ways: Table 1 shows the counts for
the entire retina, and Table 2 focuses only on the area
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Table 3. Screening Method Detection Rates for the Whole Retina

Detected RHs, n Detection Rate, % P

91 eyes examined with Osc and OCTA 67 0.082
Osc 25 37.3
OCTA 35 52.2

8 eyes examined with Osc, OCTA, and FA 35 <0.0001
Osc 11 31.4
OCTA 12 34.3
FA* 31 88.6
*Seven peripherally located spotswere defined as suspected tumors by only one of the two investigators. A clear conclusive

statement about the actual presence of a tumor could not be made for these spots.

Table 4. Screening Method Detection Rates Within the Retinal Area Covered by OCTA

Detected RHs, n Detection Rate, % P

91 eyes examined with Osc and OCTA 38 <0.0001
Osc 12 31.6
OCTA 35 92.1

8 eyes examined with Osc, OCTA, and FA 15 0.12
Osc 7 46.7
OCTA 12 80.0
FA 11 73.3

covered by wOCTA. The detection rates derived from
these counts are summarized in Tables 3 and 4, respec-
tively.

Reasons for Undetected RHs

Twenty-five of the 35 RHs being detected by OCTA
(71.4%) were missed by ophthalmoscopy alone. The
probable reasons for non-detection were masking by
the background color of the choroid (n = 5), small
tumor size (n = 13), masking by a bright fundus reflex
(n = 2), and masking of relapsing RHs by surrounding
retinal scars (n= 5). Examples of each of these reasons
are illustrated in Figure 3. Four RHs masked by the
background color of the choroid, bright fundus reflex,
or surrounding retinal scars also had a tumor size of
<0.25 DD. Therefore, 17 of the 25 undetected RHs via
ophthalmoscopy had a tumor size of <0.25 DD; seven
RHs, 0.25 to 1 DD; and one RH, 1 to 2 DD. The latter
was a flat tumormasked by an intensely pigmented scar
area. Because wOCTA is able to image just around 50%
of the whole retina, of the total detected 67 RHs, 29
RHs could not be detected via OCTA due to periph-
eral location (43.3%). All three centrally located RHs
that were missed by wOCTA were located peripapil-
lary. Comparing OCTA and FA, only eight of the 15
RHs located in the retinal area (53.3%) that were able

to be examined via wOCTA were detected by both
OCTA and FA. Of the seven RHs detected by either
OCTA or FA, the four RHs detected only by OCTA
were located in the area of the great arches, whereas the
three RHs detected only by FA were located peripap-
illary. Examples of RHs detected only by OCTA or
by FA, as well as an example of an RH that was
detected by both OCTA and FA, are illustrated in
Figure 4.

Discussion

Patients with VHLD must be screened for RHs
throughout their lives, and very early treatment of
the tumors improves the clinical outcome. Our results
show that wOCTA may be a useful additional tool
to improve this screening, whereas ophthalmoscopy
alone seems to be less sensitive for very small RHs.
FA was capable of finding more RHs than ophthal-
moscopy and OCTA. It has been previously reported
that FA is more sensitive in detecting RHs than
ophthalmoscopy.14 However, the rate of RHs detected
by OCTA was unclear. Therefore, the aim of our study
was to compare the detection rate of RHs in VHLDvia
wOCTA with the detection rate of RHs via the current
standard of clinical VHLD screening.

Downloaded from hwmaint.iovs.org on 05/06/2024



Widefield OCTA in Von Hippel–Lindau Disease TVST | February 2024 | Vol. 13 | No. 2 | Article 8 | 7

Figure 3. RHs overlooked by photography (a–d), wOCTA (a’–d’), OCTA 3 × 3-mm2 scans (a”–d”), and OCTA B-scans (a”’–d”’) are shown.
In case (a), the reddish background of the choroid masked the reddish tumor. Vascular imaging (a’, a”) by OCTA showed the full extent
of the tumor. Case (b) shows a very small RH, which was more clearly visible in OCTA analysis (b’, b”). Case (c) shows a bright retinal
reflex in an 18-year-old patient. OCTA revealed the RH that could not be seen due to the reflex. Case (d) shows a relapse of an RH in a
retinal scar. Due to the dark pigmentation of the pretreated area the RH was not clearly visible upon clinical examination. OCTA revealed
the relapse of the tumor, as well as an additional primary tumor being hidden in the photograph due to the reddish background of the
choroid.

Comparison of Detection Rates With the
Literature

Overall, we detected a mean of 0.74 ± 1.59 RH
per eye. This rate is almost twice as high as in our
previous studies (mean 0.42 ± 0.89 RH per eye),22
a finding that is mainly explained by the fact that
in our previous study only ophthalmoscopy was used
for primary screening, so some RHs might have been
overlooked.

Ophthalmoscopy Compared to wOCTA

Comparing ophthalmoscopy with wOCTA,
ophthalmoscopy overlooked 25RHs thatwere detected
by wOCTA. Fifteen RHs were detected by ophthal-
moscopy but were missed by wOCTA; furthermore,
it should be mentioned, that only two of these RHs
were located within the imaging range of wOCTA.
In line with these results, a high detection rate of
vascular lesions by OCTA has been described in the
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Figure 4. RHs overlooked or detected by OCTA and FA. Photography (a–c), FA (a’–c’), wOCTA (a”–c”), OCTA 3 × 3-mm2 scan (a”’–c”’), and
OCTA B-scan (a””–c””) results are shown for each RH. In case (a), FA failed to detect two small RHs due tomissing leakage, whereas OCTA was
able to detect both microangiomas. Case (b) shows a peripapillary RH that was detectable with ophthalmoscopy and FA, but wOCTA and 3
× 3-mm2 scans failed to diagnosis it due to the partial fibrosis of the RH and the high vascular peripapillary density of the peripapillary area
in thewOCTA. The presence of the tumor could only be guessed at in the OCTA B-scan, which showed thickening of the retina and increased
blood flow in the affected area. Case (c) illustrates an RH that was detected with both FA and OCTA.

literature,18,20,24,25 as well as a higher detection rate in
proliferative diabetic retinopathy compared to clini-
cal examination alone.24 Furthermore, it has been
shown that wOCTA can detect more vascular lesions
(intraretinal microvascular abnormalities, neovascular-
ization elsewhere, and neovascularization of the optic
disc) than ultra-widefield color fundus photography.25

For the examination of RHs, important drawbacks of
wOCTA include long examination times and limited
fields of view.21,22 Furthermore, the interpretation and
diagnostic value of peripheral OCTA scans may be
impaired due to artifacts.26 In our study, three eyes
had to be excluded due to artifacts, and 29 RHs were
out of range for the wOCTA. Therefore, artifacts and

Downloaded from hwmaint.iovs.org on 05/06/2024



Widefield OCTA in Von Hippel–Lindau Disease TVST | February 2024 | Vol. 13 | No. 2 | Article 8 | 9

limitations in imaging the peripheral retina may impair
the use of wOCTA alone for screening of patients with
VHLD.

FA Compared to Ophthalmoscopy and
wOCTA

Thus far, FA has been considered the gold standard,
and OCTA is usually compared to FA in diagnostic
accuracy.27 OCTA cannot detect leakage, which may
be a disadvantage.27 On the other hand, excessive dye
extravasation can inhibit visualization of the vascular
structure.21 In our study, in the cases examined using
the two modalities of wOCTA and FA, only eight of
the 15 RHs located in the area of the wOCTA were
detected with both methods (53.3%). Four RHs were
only detected by wOCTA and three RHs only by FA.
This result also suggests that neither wOCTA nor FA
alone may be able to detect all RHs in patients with
VHLD. Because all RHs overlooked by OCTA are
located peripapillary, an additional 3 × 3-mm2 OCTA
scan of the optic nerve should be considered in order
to reduce the number of overlooked RHs.

Overall Detection Rate

With regard to overall detection rates (Table 3), the
wOCTA rate ranges from 34.3% to 52.2%, depending
on the availability of FA comparison. FA showed a
detection rate of 88.6%, and ophthalmoscopy showed a
detection rate of 31.4% to 37.3%.When regarding only
the area of the retina covered by wOCTA (Table 4), the
detection rate of wOCTA ranged from 80% to 92.1%,
which is higher than the detection rates of ophthal-
moscopy and FA (31.6%–46.7% and 73.3%, respec-
tively). This finding demonstrates that the main disad-
vantage of wOCTA in VHLD screening is the limited
angle of view when examining the retinal periphery.
Studies investigating the sensitivity and specificity of
OCTA and FA in other retinal diseases have demon-
strated a high accuracy of OCTA when compared to
FA.28

Reasons for Undetected RHs

Difficulties with RH diagnosis due to abnormal
coloration and non-visible vasculature have been
described before, along with the potential for OCTA
to aid in establishing the diagnosis.29 Furthermore, the
ability to detect blood flow in lesions being obscured by
retinal scars enables OCTA to detect RHs that are not
easily identifiable by ophthalmoscopy.20,22 In line with
these reports, 12 of the 25 RHs overlooked by ophthal-

moscopy in our study were not diagnosed due to the
background color of the choroid leading to masking
by a bright fundus reflex or masking by surrounding
retinal scars. However, it is not surprising that the main
reason for overlooking RHs is the small tumor size,
with one study reportingmore than 50% (13 of 25)RHs
being overlooked.12 The clear advantage of OCTA is
that even very small RHs can be diagnosed reliably
using this technology,22 and therapy can be initiated at
a very early stage if necessary, reducing the risk of side
effects associatedwith growingRHs and the risk of loss
of vision.

Limitations of the Study

Limitations of our study include the small number
of patients, especially in the comparison of ophthal-
moscopy, wOCTA, and FA, as FA was performed in
only eight eyes. There is a possible bias because FAwas
only performed when needed for therapeutic decision
making despite having OCTA information. We there-
fore might have overestimated the rate of missed RHs
by ophthalmoscopy and wOCTA. In the eight eyes that
were screened with all three methods, it was found that
some RHs were missed in the periphery by ophthal-
moscopy alone (16 more RHs were detected with FA in
the area not covered by wOCTA compared to ophthal-
moscopy). Because 83 eyes were not examinedwith FA,
the actual number of RHs is most likely higher than 67.
However, a massively higher number of RHs cannot
be assumed, as FA was performed only in severely
diseased eyes with a high probability for RHs. Accord-
ingly, the 83 eyes not examined by FAmay rather repre-
sent eyes with a lower probability of RHs. Another
limitation is, that quantitative measurement of the
percentage of the retina examined with the individual
examination methods was not performed. Therefore,
an exact comparison of the detection rates of the differ-
ent examination methods is not entirely possible.

Because there exists no gold standard for the detec-
tion of RHs, the sensitivity and specificity of the differ-
ent screening methods cannot be determined. There-
fore, we decided to use the detection rate as the unit of
measurement. A large prospective trial with ophthal-
moscopy, OCTA, and FA in every patient is needed to
evaluate whether the rates of missed RHs by ophthal-
moscopy and OCTA are high enough to justify routine
FA despite its being an invasive procedure.

Conclusions

In conclusion, wOCTA may be a useful additional
tool to improve the screening of patients with VHLD.
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The high number of overlooked RHs suggests that
ophthalmoscopy alone is less sensitive for small RHs
in VHLD. In all cases with FA, even more RHs were
found than in ophthalmoscopy and OCTA. Future
prospective studies are needed to determine whether
a combination of ophthalmoscopy and OCTA is suffi-
cient for screening in VHLD or whether FA should be
performed routinely.
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