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Purpose: To compare spectral-domain (SD) and swept-source (SS) optical coherence
tomography angiography (OCTA) for imaging retinal capillary hemangioblastomas
(RCHs) in von Hippel-Lindau disease (VHLD).

Methods: Prospective single-center cross-sectional study. Tumor size (TS) of perfused
RCHs was assessed clinically in relation to the optic disc size. For both technologies, SD-
OCTA and SS-OCTA, corresponding images with a scan size of 3 x 3mm? and 6 x 6 mm?,
respectively, were overlaid according to the set of marker positions to determine the TS.

Results: From 200 patients with VHLD, 48 patients showed 84 RCHs. SD-OCTA images of
39 RCHs (46.4%) and SS-OCTA images of 48 RCHs (57.2%) were suitable for analysis. The
average in OCTA-measured TS of 1.60 + 2.58 mm? (range, 0.01-10.43) was congruent
to the clinically assessed TS in 81.3% of cases (r = 0.86, P < 0.0001). TS measured in
SD-OCTA compared to SS-OCTA showed similar values and a high correlation (all P <
0.0001). Nevertheless, despite the similarities, a slight trend in SS-OCTA was observed
whereby with increasing TS, an elevated TS was detected compared to SD-OCTA (3 x
3-mm? scans: mean difference of 0.03 + 0.04 mm?Z, 6 x 6-mm? scans: 0.08 + 0.19 mm?2).
However, within the same imaging technology method, TS values almost did not differ
(SD-OCTA: mean difference of 0.01 & 0.02 mm?, SS-OCTA: 0.001 £ 0.01 mm?).

Conclusions: OCTA may serve as an additional tool for diagnosis and monitoring of
RCHs. Nevertheless, due to the differences between the technologies, the values cannot
be used interchangeably.

Translational Relevance: SD-OCTA and SS-OCTA are suitable to detect and monitor
RCHs and provide a more detailed assessment about the TS than this is clinically possible.

. only few reports exist that have analyzed the retinal
Introduction and choroidal vasculature of retinal capillary heman-

gioblastomas (RCHs) via OCTA,*® primarily address-

Optica.l COhefenC‘? tqmography angiggraphy ing treatment follow-up* 7 and more rare classification
(OCTA) is a new noninvasive technique for imaging of the growth type®! Most of these studies were

the microvasculature of the retina and choroid? and  ¢onducted in patients with von Hippel-Lindau disease
has rapidly gained clinical acceptance.>® Currently, (VHLD). 468
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VHLD is an autosomal dominantly inherited famil-
ial phacomatosis that predisposes for different tumors
and cysts in multiple organs. Hemangioblastomas in
the central nervous system and RCHs are the most
common tumors in patients with VHLD?"!! and are
often the onset of VHLD.!? The frequency of RCHs
in patients with VHLD varies from 49% to 85%.!3-14
The incidence increases with age, reaching up to 90%
in patients older than 60 years.!>!¢ Despite its benign
nature and slow growth rates, RCHs can cause compli-
cations and visual impairment. Early detection of
the RCHs can therefore have a decisive influence on
visual prognosis.!” Conventional ophthalmic screening
examinations include ophthalmoscopy, fundus photog-
raphy, fluorescein angiography (FAG), indocyanine
green angiography, optical coherence tomography, and
ultrasonography.'® OCTA, on the other hand, is not yet
an integral part of routine controls.

OCTA technology employs motion contrast to
image blood flow and works without the need for an
intravascular dye application.?* OCTA technology has
developed rapidly, and there are currently two main
technologies available: in the previous device genera-
tion, light is emitted at a centered wavelength of 840
nm and a spectral analysis (spectral-domain OCT [SD-
OCT)) is performed on the interference fringe pattern
of the tissue. The most recent development includes
swept-source OCT (SS-OCT) technology, which uses a
higher scan speed of 100,000 A-scans/s (compared to
68,000 A-scans/s in SD-OCT) and a longer wavelength
centered on 1050 nm (compared to 840 nm). Thus, SS-
OCT allows deeper penetration into the tissue of 3 mm
(compared to 2 mm), with the compromise of a slightly
lower axial resolution of 6.3 um (compared to 5 pm,;
personal communication with Zeiss, January 2020) and
provides a faster acquisition time."”

Although both OCTA technologies are possibly
applicable to VHLD, an underlying understanding of
their characteristics and differences in VHLD imaging
is still lacking. Therefore, our study aimed to find new
evidence by comparing these methods with regard to
RCHs in patients with VHLD.

Study Design and Population

This is a prospective single-center cross-sectional
study. In total, 216 patients with clinically expected
VHLD due to VHLD in the family history or the
presence of VHLD typical tumors were routinely
examined in our eye center between January 2019 and
January 2020. From all patients with clinically and/or
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genetically confirmed VHLD, signed informed consent
was obtained. The study was approved by the insti-
tutional Ethics Committee (ID number 360/19) and
adhered to the tenets of the Declaration of Helsinki.

Data Collection

Patients underwent a comprehensive ophthalmo-
logic examination including measurement of best-
corrected visual acuity and slit-lamp microscopy with
fundus examination. If a perfused RCH was clinically
detected, fundus photography with an ultra-widefield
camera (Optos, Dunfermline, Scotland) was performed
and the localization of the RCH was recorded. The
tumor size was assessed clinically in relation to the optic
disc size as follows: <0.25 disc diameter (DD), 0.25to 1
DD, 1to2 DD, and >2 DD. Assuming an average optic
disc diameter of 1.5 mm,?° the clinically assessed tumor
size was converted by using the mathematical formula
A = 7 (diameter/2)? to allow for categorization into the
following four groups: (A) <0.11 mm?, (B) 0.11 to 1.77
mm?, (C) 1.77 to 7.07 mm?, and (D) >7.07 mm?.

OCTA Imaging

OCTA images were recorded with commercially
available OCTA systems: Cirrus 5000 AngioPlex and
PLEX Elite 9000 (Carl Zeiss, Meditec, Dublin, CA).
The Zeiss Cirrus 5000 AngioPlex uses full-spectrum
SD-OCT with a light source wavelength of 840 nm,
an A-scan rate of 68,000 A-scans per second, and an
A-scan depth of 2.0 mm in tissue (1024 pixels). The
Zeiss PLEX Elite 9000 uses full-spectrum SS-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). Both OCTA systems
use the Optical Microangiography algorithm to decor-
relate signal detection. A real-time image stabilizer
(FastTrac, a software in the Cirrus 5000 AngioPlex and
PLEX Elite 9000 from Carl Zeiss, Meditec, Dublin,
CA) ensures for a minimum of movement artifacts.
Each patient underwent a 6 x 6 mm? and, if the RCH
was not too large, a 3 x 3 mm? scan of the complete
retinal slab of both devices.

Lesion Inclusion Criteria

We included images of RCHs that were either
entirely contained within the 3 x 3-mm’ and/or 6
x 6-mm? OCTA scans. In addition, only images
of adequate signal strength of at least 6 (out of
10) indicated by the manufacturer’s software without
detectable motion artifacts in the area of the RCHs
were included.
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N % T : » : from both instruments that were not included in the
: ' final grading. It was masked which image technology
was displayed. After grading the images separately, the
graders reached a consensus outline for each image,
and if any lingering disagreements persisted, a third
and independent senior grader (SJL) adjudicated the
case. When comparing OCTA images that were taken
at different times (e.g., images of different sizes taken
at the same device or images taken on two different
devices), it is not possible to assume exactly the same
head position during the images. Consequently, these
images cannot simply be overlaid, but a mapping of
these images is required to compensate for possible
geometric shifts between the images. Therefore, marker
positions at corresponding prominent vessel intersec-
tions were set in all images, as illustrated in Figure 1. On
AR M - ' the basis of these marker positions, the corresponding
‘ . ; images were overlaid. After overlaying the correspond-
: ing images, the pixel counts within the outlined area

were measured and were converted into area measure-

ments in mm?.

 SD-OCTA 3x3 &

Verification of Data Repeatability

To verify the repeatability of the data, an additional
grader (SN) outlined the area of the RCH as described
above. The measured tumor sizes were compared with
the consensus outlined tumor area of each image of the
graders MR, AG, and JSL.

Statistical Analysis

GraphPad PRISM (GraphPad Software, La Jolla,
CA) was used for statistical analysis. A probability
(P) value of @ < 0.05 was considered statistically
significant. For the descriptive data analysis, mean £
standard deviation (SD), median, and minimal and
maximal values (range) were calculated. Scatterplots
and Bland-Altman plots including analyses of Pearson
Figure 1. Tumor annotation and area measurement. Tumor areas  correlation coefficient (Pearson r) and intraclass corre-
in corresponding images of the same retinal capillary heman- [ation coefficient (ICC) were used to determine the
gioblastoma (A-D) were manually outlined (E-H, yellowline). Marker  re1r0ducibility and variability of the measured areas.
posmons (green dots) aft corr.espondmg promlne{nt vessel intersec- Fit spline analyses using four knots for the smooth-
tions were annotated in all images. On the basis of these marker . .
positions, the images to be compared were aligned. ng spline were conducted to generate the'compensa-

tion curve. The P value was corrected using Bonfer-
Image Processing roni correction due to multiple testing. To compare
between two groups in a nonparametric way, the

Two independent graders (MR, AG) outlined the Mann-Whitney U test was used. To analyze the influ-
area of the RCH in a self-designed analysis tool ence of signal strength on the measurement of the
programmed in Java and JavaScript as illustrated tumor size, a Cox regression analysis was used, where
in Figure 1. Training and familiarization with the the image and signal strength were used as constant
annotation tool were performed using OCTA images variables and tumor size as the dependent variable.
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19% artifact 11.9%  artifact
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19% peripheral || 19% peripheral
13 RCH not 10 RCH not
15.5%  performed || 11.9%  performed

Figure 2. Flowchart of patients and RCHs included in the study.

Patient Characteristics and Detected Retinal
Capillary Hemangioblastomas

In total, 216 patients with clinically expected VHLD
were routinely examined. Five patients were excluded
due to neither clinically nor genetically confirmed
VHLD. Eleven patients were excluded due to missing
informed consent. In total, 200 patients were included
in the study (male/female, 79/121 patients, 39.5/60.5%).
Detailed information about the data collective is illus-
trated in Figure 2. The mean age at the time of the study
examination was 39.4 + 16.7 years (range, 7-82).

In 48 patients, 84 RCHs were detected, resulting in a
mean of 0.42 + 0.89 tumors/patient (n = 200 patients).
Thirty-nine of these patients (81.3%) had at least one
RCH in one eye and nine patients in both eyes (18.7%).
Twenty-five patients (51.1%) had one RCH, 14 patients
(29.1%) two RCHps, 6 patients (12.5%) had three RCHs,
2 patients (4.2%) had four RCHs, and 1 patient (2.1%)
had five RCHs. Forty-nine of the 84 RCHs (58.3%)
were located in the right eye and 35 (41.7%) in the
left eye. Twenty-two RCHs (26.2%) in 16 patients were
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located peripapillary (11 in the right eye, 11 in the left
eye). Eleven patients had one peripapillary RCH in one
eye, four patients had two peripapillary RCHs (one
patient had one peripapillary RCH in both eyes, and
three patients had two peripapillary RCHs in one eye),
and one patient had two peripapillary RCHs in one
eye and one peripapillary RCH in the other eye. Of
the 62 peripheral RCHs, 41 (66.1%) were located in or
adjacent to a pretreated area and therefore considered
recurrent RCHs, and 21 (33.9%) were primary RCHs.

OCTA Imaging

The localization and clinically assessed tumor sizes
of the detected 62 peripheral RCHs are illustrated
in Figure 3. Since they overlap, peripapillary RCHs
are not shown in Figure 3. Of the 22 peripapillary
RCHes, suitable OCTA images of 17 were available. In
total, SD-OCTA images of 39 RCHs and SS-OCTA
images of 48 RCHs could be used for further analy-
sis. Regarding reasons for exclusion, see Figure 2. All
RCHs imaged via SD-OCTA could also be imaged
via SS-OCTA. While in both devices, imaging of 16
RCHs was not possible due to peripheral localization,
imaging of 10 RCHs in SS-OCTA was not possible due
to motion artifacts, which increases with more periph-
eral localization of the RCHs, compared to imaging
of 16 RCHs in SD-OCTA (odds ratio [OR], 0.51; 95%
confidence interval, 0.21-1.24, P = 0.14, taking only
performed imaging of RCHs into account that were
not located too peripherally).

Comparison of Clinically Estimated Tumor
Size and Tumor Size Measured with OCTA

Clinically, for 22 RCHs, a size <0.25 DD (<0.11
mm?) was estimated; for 15 RCHs, a size between 0.25
and 1 DD (0.11-1.77 mm?); for 8 RCHs, a size between
1 and 2 DD (1.77-7.07 mm?); and for 3 RCHs, a size
>2 DD (>7.07 mm?). Of the 48 imaged tumors, mean
measured tumor size in OCTA images was 1.60 + 2.58
mm? (range, 0.01-10.43). Clinically estimated tumor
size and tumor size measured in OCTA images showed
strong correlation (r = 0.86, P < 0.0001). In 39 RCHs
(81.3%), the clinically estimated tumor size and the
tumor size measured in OCTA images were consis-
tent. Seven RCHs (14.5%, six <0.25 DD, one 0.25-1
DD) were clinically estimated larger than measured in
OCTA images with a mean difference of 0.34 £+ 0.44
mm? (range, 0.01-1.30) and two smaller (4.2%, both
0.25-1 DD), both with a difference of 0.10 mm?.
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Left eye

e <0,25 DD
® 0.25to01DD
@® 1to2DD

@® 200
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SD-OCTA

) motion artifact
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due to other
reasons

SS-OCTA

Figure 3.

Localization and clinically estimated size of the detected 62 peripheral RCHs. The sizes were determined on the basis of vertical

optic disc diameter (DD). In total, 84 RCHs were detected. Twenty-two of these were located peripapillary and are not shown. Suitable OCTA
image was available for 17 peripapillary RCHs. For five peripapillary RCHs, OCTA imaging was not performed.

Comparison of Tumor Size Measurements
with Different OCTA Devices and Scan Sizes

Scatterplots of the tumor sizes measured in SD-
OCTA versus SS-OCTA images and in 3 x 3-mm?’
versus 6 x 6-mm? scans are shown in Figures 4A—
D. Bland-Altman analyses are shown in Figures 4E—
H. Detailed information about the measured tumor
sizes in each image is listed in Supplementary Table
S1. Although in all area comparisons, correlation is
high (all P < 0.0001; Figs. 4A-D), in the comparison
between SD-OCTA and SS-OCTA (Figs. 4A, 4B), the
compensation curve deviates from the bisector propor-
tionately to the size of the tumor. While the measured
area of small RCHs matches between both devices, a
larger area is measured by SS-OCTA compared to SD-
OCTA as the tumor size increases. When comparing
the 3 x 3-mm? to the 6 x 6-mm? scans within a device,
the compensation curve corresponds approximately to
the bisector of the angle regardless of the tumor size
(Figs. 4C, 4D). Bland-Altman plots (Figs. 4E-H) reveal
a strong ICC between all compared measured areas
(all P < 0.0001). Nevertheless, in analyses between
both devices, the mean difference in area measurement

deviates from zero in favor for SS-OCTA for large
tumors (Figs. 4E, 4F). However, the mean difference
of tumor size measured in the 3 x 3-mm? compared to
the 6 x 6-mm? scans within the same device was almost
zero, showing no favor for any device, independent of
tumor size (Figs. 4G, 4H).

Verification of Data Repeatability

Detailed information about the additional
measured tumor sizes in each image for verifica-
tion of data repeatability is listed in Supplementary
Table S1. Bland-Altmann analysis and ICC reveal a
strong correlation between all compared measured
areas (all ICC >0.997, P < 0.0001).

Comparison and Influence of Signal Strength
When Measuring Tumor Size

Median signal strength of the images conducted by
SD-OCTA 3 x 3-mm? and 6 x 6-mm? scans was both
9 (range, 6-10) and 9 (range, 7-10) for both 3 x 3-
mm? and 6 x 6-mm? SS-OCTA scans. Comparing 3
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Figure 4. RCH size measured with SS-OCTA versus SD-OCTA.
Scatterplots (A-D) and Bland-Altman analyses (E-H) were used. For
analyses of SS-OCTA compared to SD-OCTA of 3 x 3-mm? scans, data
of 25 RCHs could be used. For analyses of SS-OCTA compared to SD-
OCTA of 6 x 6-mm? scans, data of 36 RCHs could be used. For analy-
sesof 3 x 3-mm? compared to 6 x 6-mm? SD-OCTA scans, data of 23
RCHs could be used. For analyses of 3 x 3-mm? compared to 6 x 6-
mm? SS-OCTA scans, data of 28 RCHs could be used. (A-D) Fit spline
analyses using four knots for the smoothing spline were conducted
to generate the compensation curve. Pearson correlation coefficient
(r) was analyzed. (E-H) Dashed lines represent average bias between
the compared measurements, solid lines represent limits of agree-
ment (LOA), and gray shading represents 95% confidence intervals
for the bias and LOAs. ICC was analyzed. TS, tumor size.
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x 3-mm? to 6 x 6-mm? scans within the same device

and 3 x 3-mm? scans between both devices, no differ-
ences in signal strength could be detected (P > 0.10).
With regards to the comparison of 6 x 6-mm? scans
in SS-OCTA with the SD-OCTA, signal strength was
higher in SS-OCTA (P = 0.02). Using Cox regression
analysis where the image and signal strength were used
as constant variables and tumor size as the dependent
variable, no significant difference in tumor size could
be detected (for all analyses of the constant and depen-

dent variables, P > 0.44)

Retinal capillary hemangioblastomas remain a
major cause of visual impairment in patients with
VHLD. Visual prognosis largely depends on early
detection of the RCHs. Therefore, early and accurate
OCTA imaging could be a promising, noninvasive,
additional tool for a faster RCH diagnosis and
monitoring. However, so far, the reports are mainly
qualitative, and there is a lack of quantifiable data
in VHLD. In order to close this gap, we systemati-
cally report OCTA image quantification of RCHs in
VHLD. We were able to show that both current OCTA
technologies, SD-OCTA and SS-OCTA, were almost
equally suitable to detect and measure the tumor
size of RCHs than is possible with current imaging
methods.?!

Tumor size of RCHs, tumor location (juxtapapil-
lary or peripheral), and the location within the retina
as well as associated findings (such as extent of subreti-
nal fluid or retinal traction) are all important factors in
the choice of treatment for RCHs.!3 Various treatment
modalities have been described for peripheral RCHs.
In the literature, careful observation is described for
small RCHs (up to 500 microns) not associated with
exudation or subretinal fluid and not visually threat-
ening.'3 In all other peripheral RCHs, laser photoco-
agulation, cryotherapy, plaque radiotherapy, and vitre-
oretinal surgery are described as possible treatment
options."? In our study, the clinically estimated tumor
size strongly correlates with the tumor size measured
in OCTA images (P < 0.0001). Nevertheless, in 18.7%
of tumors, the size differed. Therefore, OCTA can be
an additional tool to measure the tumor size. Morpho-
logically endophytic, sessile, and exophytic RCHs can
be differentiated.”> Endophytic tumors are located in
the inner layers, sessile tumors in the middle layers of
the retina, and exophytic tumors in the outer layers.
The surgical treatment option is mainly considered
for juxtapapillary RCHs with an endophytic growth
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pattern due to the accessibility of these lesions,”’

whereas intravitreal bevacizumab (with very limited
effectiveness) or verteporfin photodynamic therapy can
be considered for sessile and exophytic tumors.>* As
shown in a case report by Smid et al.,* OCTA seems
to be a valuable tool for juxtapapillary RCH classifica-
tion. Smid et al.® reported OCTA as a possible tool for
follow-up after therapy with intravitreal bevacizumab.
OCTA can also be useful for follow-up after laser
photocoagulation, as described in a case series by Lang
et al.” and in a case report by Chou et al.’ Taken
together, OCTA can be a helpful diagnostic tool in
the diagnosis and follow-up of RCHs. OCTA is able
to detect even very small RCHs or recurrent RCHs in
pretreated, scarred areas that are sometimes clinically
difficult to detect (a representative case is illustrated in
Supplementary Fig. S1).

Several studies compared the lesion size of choroidal
neovascularization (CNV) imaged with SS-OCTA and
SD-OCTA.>-?¢ Both Zhang et al.>> and Miller et al.?
showed larger areas of CNV when imaged by SS-
OCTA compared to SD-OCTA. This is consistent
with the expected theoretical advantages of the SS-
OCTA system since the use of a 1050-nm wavelength
(compared to 840 nm in SD-OCTA) reduces optical
scattering and absorption from the retinal pigment
epithelium (RPE) complex and allows for safe use
of higher laser power. Higher laser power results
in increased signal from structures below the RPE
and therefore a more precise detection of type 1
CNV.» Comparing the size of RCHs imaged with SS-
OCTA and SD-OCTA, we found no difference of the
measured tumor size in small tumors. However, with
increasing tumor size, our study showed a larger tumor
size detected by SS-OCTA too. This might be explained
by the fact that RCHs are usually located within the
retina, above the RPE.!? Therefore, laser penetration
into the tissue is equally sufficient in both devices
regarding small tumors. Nevertheless, with increasing
tumor size, there is an increased shading of deeper
lying vessels, as can be seen in the B-scans in Figure 1.
Furthermore, a dense blood flow leads to shadow-
ing artifacts of deeper retinal tissue, as this is already
known for intraretinal or subretinal fluid.>” Because
of its deeper tissue penetration, the SS-OCTA reduces
shadowing artifacts”® and detects deeper vessels even in
larger tumors, resulting in a better representation of the
actual tumor size (for detailed information, see Supple-
mentary Fig. S1). Tumor size and scan dimensions are
nominal and vary depending on individual differences
in axial length. Since both devices compared in our
study use the same assumed model eye axial length, the
manufacturer’s assumed model eye axial length had no
impact on our comparisons.
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Although OCTA can be a helpful diagnostic tool
in the diagnosis and monitoring of RCHs, there are
limitations in imaging RCHs by SD-OCTA and SS-
OCTA. Image artifacts in OCTA occur as a result of
one or more of the following: the scanning method-
ology used to generate the motion contrast signal,
data processing, movement of the eye, and the intrin-
sic properties of the eye and pathology® or increased
reflection immediately after laser coagulation of RCHs
with a reduced flow signal.® In our study, we excluded
19% of the SD-OCTA images and 11.9% of the SS-
OCTA images due to motion artifacts and/or a low
signal intensity (Fig. 2). These RCHs were mostly
located in the periphery, as illustrated in Figure 3.
Although not reaching significance, SS-OCTA images
in our study tend to be less influenced by artifacts
(OR, 0.51; P = 0.14). This is most likely due to
the higher A-scan/s speed of the SS-OCTA, which
allows a shorter time to capture the image as well as
deeper tissue penetration due to the laser properties. To
capture a peripheral RCH, the patient has to hold an
extreme turn of gaze, which could influence the image
acquisition. Furthermore, the period of time needed
to capture an image, and thus the amount of time
the patient needs to hold the extreme turn of gaze,
is shorter with SS-OCTA compared to SD-OCTA.
Consequently, peripheral RCHs are easier to capture
with SS-OCTA. However, peripheral RCHs can often
only be captured by conventionally performed FAG or
fundus photography.”’ Therefore, OCTA can only be
considered a supplementary examination tool.

There are some limitations of our study, such as
small sample size in some of our analyses. This is due
to the fact that especially SD-OCTA 3 x 3-mm? scans
were not always possible because of large tumor size
or motion artifacts. Although we included only images
with a signal strength of at least 6, signal strength
significantly varies in the 6 x 6-mm’ scans of SD-
OCTA compared to SS-OCTA. Nevertheless, by using
a linear model with the signal strength being the depen-
dent variable when analyzing the difference of the
tumor size measurements, we showed that the signal
strength had no influence on our analysis. Only one
3 x 3-mm? (respectively, 6 x 6-mm?) scan was taken
of each tumor. Unfortunately, our methods and results
can therefore not be validated by using a second series
of images. Nevertheless, as shown in the Supplemen-
tary Table S1, we were able to verify the repeatability
of the tumor size measurements using the same series
of images.

In summary, with increasing tumor size, a larger
area of RCH lesions is measured more sufficiently
by SS-OCTA compared to SD-OCTA. Both OCTA
imaging technologies were able to display RCHs at a
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similar grade and can be useful as additional tools for
tumor quantification and monitoring but cannot be
used interchangeably.
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