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Scan speed affects quantitative
optical coherence tomography
angiography vascular metrics
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Optical coherence tomography angiography (OCTA) offers the possibility of obtaining objective
quantification of retinal vasculature, with increasing utility as biomarkers for both systemic and ocular
diseases. However, the differences between different manufacturers and scan settings are still an
important limitation, as many parameters could affect vessel quantification. Here we aim to study

the influence of scan speed on quantitative vascular parameters using OCTA. 57 eyes in good retinal
health received two consecutive 20 X 20° macular OCTA scans using SPECTRALIS SHIFT at different
scan speeds: 85 and 125 kHz. Vessel density (VD) and vessel length density (VLD) in both the superficial
(SVP) and deep vascular plexus (DVP), duration of the scan and Q-value were compared between
scanning speeds. OCTA images taken at 85 kHz showed significantly higher VD and VLD values (%
reduction in SVP: VD -4.03% to -5.8%, VLD — 4.96% to -6.07%; in DVP: VD -3.35% to -6.58%, VLD
—3.60% to -6.66%). At 125 kHz, acquisition time was reduced by 22%, but Q-values were lower (34.1
vs. 35.6). Thus, while higher A-scan rates reduce acquisition time, they lower VD and VLD in both
plexus. Further studies in eyes with pathology are needed to better understand the magnitude of these
changes.
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Optical coherence tomography angiography (OCTA) is a useful extension of OCT that has been introduced
into clinical practice in recent years. OCTA enables three-dimensional reconstruction of vessel structure by
detecting blood flow as decorrelation changes between different scans of the same area of the retina at different
time points.! Compared to fluorescein angiography, OCTA allows a non-invasive assessment of the retinal
vasculature up to the midperiphery with the majority of commercially available devices.>? However, patient
cooperation is required to obtain high-quality images that can be properly interpreted. Since its introduction,
technical improvements have been made to overcome some of the pitfalls, such as the field of view. To image a
large retinal area with commercially available OCTA devices, longer scan times are required, resulting in image
artifacts due to eye movements. Faster scanning speeds (with shorter interscan time) can reduce the likelihood
of eye movement artifacts, but at the cost of reduced sensitivity for slow flow detection.?

Changes in various OCTA settings such as image threshold, resolution, sampling rate, interscan time or post-
processing algorithms have been shown to affect OCTA interpretation and make comparison between different
OCTA manufacturers difficult.** The option of the clinician to change scan speed was not widely available
but is now being commercialized in the SPECTRALIS OCT platform (Heidelberg Engineering, Heidelberg,
Germany). In inter-rater subjective quality assessments, OCTA images acquired at 125 kHz and 85 kHz scan
speed were comparable.® However, the effect of scan speed on quantitative vascularization metrics in OCTA
remains unclear. As several quantitative OCTA biomarkers are currently being investigated as diagnostic or
prognostic factors in various retinal and systemic diseases, how scan speed influences these measurements can
be clinically meaningful.”#

In this study, we investigated the effect of two OCTA acquisition speed settings (85 kHz and 125 kHz) on
quantitative vascular measurements.
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Methods

In this single-center cohort study, we recruited adult patients with no retinal pathology between March 2024
and May 2024. The study was conducted in accordance with the Declaration of Helsinki and informed consent
was obtained from the subjects after explanation of the nature and possible consequences of the study. All
experiments were performed in accordance with relevant guidelines and regulations. Ethical approval was
obtained from the ethics committee of the University of Heidelberg (Ethik-Kommission II der Universitat
Heidelberg, Medizinische Fakultdt Mannheim, ID number: 2023-666).

We included patients with clear media and good foveal fixation. Exclusion criteria were the presence of
astigmatism of >2 diopters (D) and a spherical error greater than +4D. We also excluded eyes with other
ophthalmological conditions including advanced glaucoma, age-related macular degeneration, vitreoretinal
interface abnormalities, inflammatory or retinal vascular diseases.

Image acquisition protocol

Two consecutive, eye-tracked, 20 X 20° macular OCTA scans (512 A-scans x 512 B-scans) were acquired at
different scan speeds (85 and 125 kHz), in random order to avoid fatigue bias. All image acquisitions were made
by an ophthalmologist trained in retinal imaging. The duration of each acquisition was recorded with a digital
timer. We only included good quality images, defined as imaged with a signal-to-noise ratio (Q-value) higher
than 30dB without significant image artifacts (defocus, attenuation or striping). All images were acquired with a
SPECTRALIS HRA-OCT3 and the scan speed was changed using the SHIFT technology.

Image processing and analysis

The en face OCTA images of the superficial and deep vascular plexus were imported into Fiji' (Image]’, Bethesda,
USA, v2.14.0/1.54f) for image processing and quantitative analysis. Images were first preprocessed using the
Background Subtraction tool, and then binarized using the local Phansalkar auto threshold method.>!% We
analyzed vessel density (VD) (calculated as white pixels/image area, expressed in percentage) in 4 areas of 2
mm? each, around the foveal avascular zone (FAZ): nasal, superior, temporal and inferior.!! Subsequently, we
skeletonized the images and calculated the vessel length density (VLD)(calculated as vessel length per unit area),
in the same 4 areas around the FAZ.

To examine the impact of image contrast in OCTA quantification, we performed a subanalysis of the images
captured at 125 kHz. Prior to image binarization, image contrast was enhanced using the “Brightness and
Contrast” tool in Image]” with two different pixel intensity ranges. The lower and upper limits of the intensity
ranges were set to 5 and 249, and 10 and 244, respectively. VD and VLD calculations were conducted in the
same retinal regions and compared with the baseline image, which was not adjusted for contrast. The aim of this
sub analysis was to ascertain the extent of change resulting from contrast alteration and to determine whether
differences in VD and VLD caused by scan speed could be mitigated by enhancing contrast.

Outcome measures
The primary outcome measure was the difference of vascular quantification in en face OCTA scans at different
scan speeds. For this, we analyzed two parameters: vessel density (VD, %), obtained from binarized images; and
vessel length density (VLD, mm™!) obtained from images after skeletonization.

Secondary outcomes included the signal-to-noise ratio (Q-value, dB) and duration of the scan (seconds).

Statistical analysis

Pairwise comparison of VD, VLD, Q-value and acquisition time at different scan speeds and at different contrast
settings were performed using Wilcoxon test. Comparison among the different sectors studied was made using
Kruskal-Wallis test. Correlation between Q-value and vessel density values were assessed using Spearman’s r. The
statistical significance was set at p <0.05. Multiple comparison correction was performed using the Benjamini-
Hochberg method.

Results

We obtained 61 image pairs at high (125 kHz) and low (85 kHz) scan speed of which we discarded 4 image
pairs due to significant attenuation artifacts seen in the en-face images. The final dataset included 57 eyes of
30 patients (14 female, 46.7%) with a mean age of 61.5 years (range 34-81) and a mean spherical error of 4 0.4
diopters (D) (range —3.75 - +3.50 D). Acquisition time from start to end of the exam at 85 kHz scan speed was
significantly longer than at 125 kHz (mean 60.7 +32.4 vs. 46.4+27.6 s, p <0.0001; % reduction of 22 +20.4%).
Images taken at 85 kHz had a better signal-to-noise ratio (mean Q-value 85 kHz 35.6 +2.3dB vs. 34.1 +2.2dB,
p<0.0001).

In the overall images, signal-to-noise ratio showed significant positive correlation with VD in the superficial
(r=0.38, p<0.0001) and deep vascular plexus (r=0.45, p <0.0001); and with VLD in the superficial (r=0.37,
p<0.0001) and deep (r=0.44, p <0.0001) vascular plexus.

Both binarized and skeletonized vessel density showed significantly lower values in those images taken at
125 kHz scan speed in all quadrants around the fovea in either the superficial (Figs. 1 and 2) or deep vascular
plexus (Fig. 3).

The VD reduction percentages were similar in both superficial and deep vascular plexus, with values ranging
from —4.03 to -5.8% in the SVP and —3.35 to -6.58% in the DVP, depending on the retinal sector analyzed
(Figs. 1 and 3). In the skeletonized images, the percentage change in VLD ranged from —4.96 to -6.07% in the
SVP and from —3.60 to -6.66 in the DVP. In all cases, we observed a greater reduction in the temporal area
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Fig. 1. High acquisition speed alters superficial vascular plexus metrics. Mean and standard deviation bars
showing vessel density (VD, %) and vessel length density (VLD, mm) values of the superficial vascular plexus
in images taken at 125 kHz and 85 kHz scan speed, in different sectors of the retina. *P-values <0.05, obtained
by Wilcoxon matched-pairs signed rank test and corrected for multiple comparisons.

(Table 1), but the differences between sectors were non-significant (SVP: VD p=0.279, VLD p=0.562; DVP:
VD p=0.246, VLD p=0.581).

Significance of contrast enhancement

In the images taken at 125 kHz, VD and VLD values increased following contrast enhancement through the
utilization of both settings (range 5-149 and 10-144 pixels) in comparison to the image with unmodified contrast
within the SVP (% change in VD: 40.78 +0.33 and + 1.11 +0.55; % change in VLD 4 0.47 +0.43 and 4+ 0.7 +0.53,
Pp<0.0001). Conversely, the values were observed to be lower in the DVP (% change in VD: -0.09+0.6 and
—1.8+1.0, p<0.0001; % change in VLD —0.04+0.6, p=0.005 and — 1.2 +0.98, p <0.0001, respectively).

Discussion

We found that an increase in acquisition speed resulted in significantly lower vessel density and vessel length
density values in all areas of both superficial and deep vascular plexus. By enhancing image contrast these
differences can only be partially evened out in the SVP, but not in the DVP.

To obtain the best possible OCTA images, both sensitivity to motion and image artifacts need to be considered.
Longer interscan times will result in better sensitivity to slow flow and OCT signal intensity, but will introduce
more artifacts due to eye movement.'>!? The interscan time depends on the A-scan rate, the sampling density,
and the length of the B-scan.!* While keeping the other parameters constant, we changed the interscan time by
increasing the A-scan rate (from 85 kHz to 125 kHz) using the commercially available SHIFT technology of the
SPECTRALIS device. As a result, the sensitivity for detecting flow is also modified.

We found that this change in sensitivity results in a reduction of vascular metrics with faster A-scan rates in
both the superficial and deep vascular plexus of a magnitude similar to the standard deviation of the respective
measurements irrespective of scan location or scan direction. Enhancing image contrast prior to binarization of
images captured at a higher scan speed partially evens out these discrepancies in the SVP, but not in the DVP.
To the best of our knowledge, this is the first report on how scanning speed affects retinal vascular parameters
in OCTA.
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Fig. 2. Example of reduced capillary density in rapid acquisition image. En face OCTA images of the
superficial vascular plexus at 85 and 125 kHz scan speed. Higher density of capillaries can be seen in the left
image.

Despite us assessing only VD and VLD, we hypothesize that other metrics used to quantify the amount of
vasculature in an area may be similarly affected, as most of them are variations or combinations of these two.”

As was to be expected, increasing the A-scan rate from 85 kHz to 125 kHz also reduced the acquisition time
by 22%. In keeping with this, Dolz-Marco et al. reported a 28.5% reduction in acquisition time with 125 kHz
and added that 92.5% of these OCTA images were rated as equal or better than the 85 kHz group in a qualitative
assessment.® Thus, faster scan speeds may be useful when acquiring images of a larger field of view or in patients
with poorer cooperation, improving the performance of OCTA in the clinical setting. In addition, the shorter
time intervals between B-scans may be more sensitive to faster flow (i.e., the choriocapillaris), and therefore its
quantification may improve with faster A-scan rates.'>

Our findings may be clinically relevant because VD values have been described as prognostic factors in
many diseases such as intermediate uveitis, diabetic retinopathy or Parkinson’s disease.!”"!? Although the VD
quantification varies between manufacturers and image post-processing methods,?*?! the magnitude of the
observed discrepancies is very comparable to that observed in many pathological changes, which merits careful
attention when planning OCTA studies employing quantification of vascular parameters.

Strengths of our study include the prospective design and the homogeneous sample of patients with good
retinal health and low spherical and astigmatic errors, which have been reported to affect image quality and
thus vascular measurements.!"??> Furthermore, we took into account the impact of image contrast alterations
as a potential source of bias.?* Our findings indicate that modifying this parameter may not be as crucial as
optimizing acquisition speed.

Limitations of this study include the small sample size and the limited number of parameters investigated. It
is unclear whether other vascularization metrics such as FAZ area or fractal dimension show similar sensitivity
to scan speed. Furthermore, we analyzed only the superficial and deep vascular plexus and cannot comments on
how different scan speeds may affect choroidal vascular measurements.

In conclusion, different OCTA scan speeds will lead to different quantitative measures of the SVP and DVP.
Thus, scan speed should be reported when comparing quantitative parameters and kept the same within study
samples and across time points. We recommend 85 kHz for evaluation of quantitative parameters in the research
setting, especially for scans limited to the macular area, while faster scan speeds may have a place in a more
clinical setting.
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Fig. 3. High acquisition speed alters deep vascular plexus metrics. Mean and standard deviation bars showing
vessel density (VD, %) and vessel length density (VLD, mm!) values of the deep vascular plexus in images
taken at 125 kHz and 85 kHz scan speed, in different sectors of the retina. *P-values < 0.05, obtained by
Wilcoxon matched-pairs signed rank test and corrected for multiple comparisons.

VD (%) VLD (mm™?)

85 kHz 125 kHz % Reduction | P-value | 85KhZ 125 kHz % Reduction | P-value
Superficial vascular plexus
Nasal 46.65+5.1 | 44.19+5.31 | -4.53+£6.23 <0.0001* | 11.47+1.69 | 10.79+1.69 | -5.12+7.99 <0.0001*
Superior | 46.42+4.55 | 44.49+4.48 | -4.03+5.37 <0.0001* | 10.92+1.48 | 10.35+1.53 | -4.96+7.5 <0.0001*
Temporal | 42.71+5.57 | 40.03+5.11 | -5.8+5.58 <0.0001* | 10.48+1.72 | 9.8+1.53 -6.07+£7.98 <0.0001*
Inferior 46.34+4.79 | 44.12+£5.07 | -4.67 £6.93 <0.0001* | 10.89+1.59 | 10.31+1.61 | 5.18+8.81 <0.0001*
Deep vascular plexus
Nasal 40.56+5.22 | 38.69+£55 |-3.35+£9,42 <0.0001* | 10.89+1.55 | 10.36+1.65 | -3.69+10.23 | 0.0002*
Superior | 39.74+5.45 | 37.96+5.51 | -4.07+8.1 <0.0001* | 10.93+1.59 | 10.42+1.59 | -4.36+8.49 <0.0001*
Temporal | 38.27+6.29 | 35.54+6.14 | -6.58 +7.91 <0.0001* | 10.26+1.79 | 9.5+1.7 -6.66 +8.82 <0.0001*
Inferior 38.78+6.4 |36.61+6.24 | -4.88+10 <0.0001* | 10.61+1.87 | 10.05+1.83 | -4.49+10.43 | <0.0001*

Table 1. Values of vessel density (VD) and vessel length density (VLD) in superficial and deep vascular
plexuses of OCTA images taken at 85,000 and 125,000 A-scans/second (85 and 125 kHz). Mean values and
percentage reduction using data from en face images taken at 85 kHz as baseline are shown. P-values obtained
by Wilcoxon matched-pairs signed rank test. *False discovery rate < 0.05.
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