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Purpose: The purpose of this study was to investigate the effect of device and scan size
on quantitative optical coherence tomography angiography (OCT-A) metrics.

Methods: The 3 x 3 mm scans from Optovue AngioVue and Zeiss AngioPlex systems
were included for 18 eyes of 18 subjects without ocular pathology. The foveal avascular
zone (FAZ) was segmented manually by two observers, from which estimates of FAZ
area (using both the nominal image scale and the axial length corrected image scale)
and acircularity were derived. Three scan sizes (3 mm, 6 mm HD, and 8 mm) from the
AngioVue system were included for 15 eyes of 15 subjects without ocular pathology. For
each subject, larger image sizes were resized to the same resolution as 3 x 3 mm scans,
aligned, then cropped to a common area. FAZ area, FAZ acircularity, average and total
parafoveal intercapillary area, vessel density, and vessel end points were computed.

Results: Between the devices used here, there were no significant differences in FAZ
acircularity (P = 0.88) or FAZ area using scaled (P = 0.11) or unscaled images (P = 0.069).
Although there was no significant difference in FAZ area across scan sizes (P = 0.30),
vessel morphometry metrics were all significantly influenced by scan size.

Conclusions: The scan devices and sizes used here do not affect FAZ area measures
derived from manual segmentations. In contrast, vessel morphometry metrics are
affected by scan size. As individual differences in axial length induce differences in
absolute scan size, extreme care should be taken when interpreting metrics of vessel
morphometry, both between and within OCT-A devices.

Translational Relevance: A better characterization of the confounds surrounding OCT-
A retinal vasculature metrics can lead to improved application of these metrics as
biomarkers for retinal and systemic diseases.

. foveal avascular zone (FAZ) and its surrounding
Introduction microvasculature, which have been shown to be

affected by physiologic sex-associated hormonal

Optical coherence tomography angiography (OCT-  changes>* and diseases, such as diabetic retinopa-
A) permits noninvasive visualization of retinal capil- thy,> macular degeneration,® hypertension,” sickle
lary perfusion. The widespread availability of this cell disease,® macular telangiectasia,’ retinopathy of
technology has resulted in an enormous growth in  prematurity,'’ and albinism.!! Central to using OCT-A
the study of retinal vasculature in various systemic jmagery to diagnose and monitor conditions like these

and ocular diseases.!
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Of particular interest is the js the ability to extract quantitative metrics describing
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the retinal vasculature. However, there are a number
of nonbiological factors that affect retinal vasculature
metrics, including scan size, processing algorithm, slab
definition, image quality, and motion artifacts. These
factors can all vary between or even within devices,
potentially limiting the translational utility of OCT-A.

Following the model of studies examining struc-
tural OCT measurements, such as retinal thickness,'>-!3
there have been dozens of studies looking at the impact
of device model/manufacturer on a number of OCT-
A vasculature metrics. These studies have examined
clinical performance,'*!> FAZ area,'0?* and vessel
density.'3-20-24-26 'With only a couple of exceptions,
the general consensus of these studies is that agree-
ment of quantitative metrics between devices is poor.
With respect to FAZ area, one possible explanation
may be that very few studies consider individual differ-
ences in lateral magnification of the retinal image,
which are largely due to variations in axial length.?’
As the assumed axial length of the various OCT-A
devices differs—and in some cases is not even known
to users—these discrepancies could underlie at least
some of the reported differences in FAZ areca between
devices.

Studies on the effect of OCT-A scan size are
considerably more limited. Although many support
a greater “clinical utility” of larger scan sizes'>-?®
or have examined particular disease states, such
as glaucoma,””-*" age-related macular degeneration,?!
and choroidal neovascularization,? relatively few have
examined the impact of scan size on the quantitative
vascular metrics of interest here. Moreover, there are
some conflicting results as to whether vascular metrics
are interchangeable between different scan sizes. For
example, Dong et al. concluded that FAZ area is inter-
changeable between 3 x 3 mm and 6 x 6 mm scan
sizes using the AngioVue, but found a significant reduc-
tion in vessel density in 6 x 6 mm scans.* Similarly,
Rabiolo et al. showed that FAZ area was interchange-
able across 3 x 3mm, 6 x 6 mm, and 12 x 12 mm scan
sizes using the AngioPlex, but that vessel density was
highly dependent on scan size.>* In contrast, Chen et
al. reported a ~ 10% difference in FAZ area between
3 x 3 mm and 6 x 6 mm scan sizes (0.234 mm?” and
0.259 mm?, respectively)®> but nonsignificant vessel
density differences when using the AngioVue.* In
studies comparing scan size, the issue of image magnifi-
cation is less critical, as we are only interested in relative
differences between scan dimensions from the same
device. However, it is known that averaging multiple en
face OCT-A images can significantly improve signal-to-
noise ratio;*3%-3? thus the use of averaged images could
allow a more direct evaluation of the impact of scan
size on quantitative vascular metrics. This is important,
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as multiple studies have found that the reliability and/or
repeatability of various vascular metrics tends to be
worse for larger scan sizes.>>4

In summary, the existing studies to date examin-
ing the reproducibility of OCT-A metrics across scan
device and size are limited by the fact that: (1) they
only examine the quantitative metrics of FAZ area
and vessel density; (2) they use the assumed axial
length inherent to the imaging device; and (3) they
use unaveraged images, which have a limited ability
to derive information from larger scan sizes. Here,
we attempted to rectify these methodological short-
comings by isolating the effect of device model and
scan size choice on quantitative OCT-A metrics. We
performed two parallel but complementary experi-
ments varying either the scan device (Zeiss AngioPlex
and Optovue AngioVue) or the scan size (3 x 3 mm, 6
x 6 mm HD, and 8 x 8 mm) used to acquire OCT-
A images. If OCT-A metrics were truly reproducible
across these methodologic variables, those interpreting
these metrics could know with absolute certainty that
differences in observed metrics reflect actual differences
in retinal vasculature.

Subject Selection

This study was approved by the Institutional
Review Board of the Medical College of Wisconsin
(PRO23999) and followed the tenets of the Declaration
of Helsinki. Written informed consent was obtained
from all subjects after explanation of the procedures
and potential risks of the study. Exclusion criteria
included any subjects under the age of 5 years and
subjects with self-reported ocular or systemic vascu-
lar disease. Axial length measurements were acquired
for all individuals using an IOLMaster (Carl Zeiss
Meditec, Dublin, CA).

Image Acquisition and Processing

Experiment 1 (Device Model Selection)

The right eyes of 20 subjects were imaged on
the same day using both the AngioVue (Optovue,
Inc., Fremont, CA) and the AngioPlex (Carl Zeiss
Meditec) systems. The order in which scans were taken
using each device was randomized. For the AngioVue
system, two volumes, each consisting of 304 B-scans
at 304 A-scans / B-scan were acquired centered on the
fovea. The two volumes were co-registered (AngioVue
software version: 2017.1.0.151) to create one volume
scan at a nominal scan size of 3 x 3 mm and a
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custom retinal slab (3 pm above the inner limiting
membrane [ILM] to 16 pm below the inner plexi-
form layer [IPL]) was used for further analysis. For
the AngioPlex system, a single nominal 3 x 3 mm
volume scan (245 B-scans at 245 A-scans / B-scan
acquired in the fast X direction) was acquired centered
on the fovea. The superficial slab (ILM to IPL) with
an image size of 1024 x 1024 pixels was extracted for
analysis. Bicubic interpolation was used to resample
the AngioVue scans to the same nominal image scale
(um/pixel) as the AngioPlex scans using Adobe Photo-
shop prior to further analysis (Adobe Systems Inc.,
Mountain View, CA).

Experiment 2 (Scan Size Selection)

The right eyes of 19 subjects were imaged using
the AngioVue system (Optovue, Inc.). Eleven of these
subjects also participated in the device experiment
described above. Ten volume scans were acquired
for 3 nominal scan sizes (3 x 3 mm, 6 x 6 mm HD,
and 8 x 8 mm) for a total of 30 scans per eye. The
order in which each set of 10 scans per nominal scan
size was acquired was randomized. The 6 x 6 mm HD
scans consisted of 400 B-scans at 400 A-scans/ B-scan,
whereas both the 3 x 3 mm and the 8§ x § mm scans
consisted of 304 B-scans at 304 A-scans / B-scan. For
each volume scan, a custom slab (3 pum above the ILM
to 16 um below the IPL) was extracted for analysis.

For all angiograms, image quality was assessed using
a Sobel filter to measure the mean gradient magni-
tude as previously described.’® For each scan size per
subject, the five frames with the highest mean gradient
magnitude were registered and averaged using Stack-
Reg plugin*' on ImageJ* to create a single averaged
image, for a total of 45 final images. Each subject’s
larger 6 x 6 mm HD and 8 x 8§ mm scans were resam-
pled to the same scale as their 3 x 3 mm scan using
bicubic interpolation in Adobe Photoshop (Adobe
Systems Inc., Mountain View, CA) prior to further
analysis.

Quantitative Retinal Vasculature Analysis

Foveal Avascular Zone Analysis (Experiments 1 and 2)

Prior to analysis of the FAZ, it was necessary
to remove subjects having “fragmented” FAZs (also
known as macular-foveal capillaries),* as the absence
of a single well-defined FAZ would confound our
analyses. A 3 x 3 mm image from each of the 28
participants was analyzed using a previously described
custom MATLAB script,* generating measurements
of each intercapillary area within 1.3 mm of the center
of the foveal pit for each subject. For the 9 subjects
that only participated in the device comparison study
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(experiment 1), a single unaveraged 3 x 3 mm image
was used, whereas an averaged 3 x 3 mm image was
used for the other 19 subjects that participated in the
size comparison study (experiment 2). For each image,
the ratio between the largest intercapillary area and
each intercapillary area was calculated. A subject was
classified as having a fragmented FAZ if they had
two or more intercapillary areas to FAZ ratios of 0.3
or greater, indicating vessel(s) bisecting an otherwise
avascular area.®? In total, two subjects were removed
from both experiments and two additional subjects
were removed from the scan size study (experiment 2).
This resulted in 18 subjects remaining for experiment 1
and 15 subjects remaining for experiment 2.

For the remaining images, the FAZ was manually
segmented by two observers (JA.K. and R.E.L.)
masked to the other’s segmentation using Imagel’s
multipoint tool.*? The segmentation coordinates were
entered into a custom MATLAB script based on previ-
ous work in our laboratory.***> The area of the FAZ
(in pixels) was computed using the poly2area function.
The perimeter of the FAZ (in pixels) was calculated by
summing the distance between each pair of neighbor-
ing segmentation coordinates. The area and perimeter
were converted from pixels to absolute retinal measure-
ments (in millimeters) by multiplying by the real scale
of that image.*® The real scale of each image was calcu-
lated as follows:

real image scale (mm/ px) = nominal image scale (mm/ px)

measured axial length (mm)

. assumed model eye length (mm)

Acircularity is a unitless metric generated from
estimates of the FAZ area and FAZ perimeter, and was
calculated as follows:

FAZ Perimeter

FAZ Area
2x x|

Additionally, for the image device experiment only,
each segmentation was re-run through MATLAB
without correcting for individual axial length and
instead using the assumed model eye axial length (23.95
mm and 24.46 mm for the AngioVue and AngioPlex,
respectively) to generate unscaled FAZ area measure-
ments for each device.

Acircularity =

Vascular Morphometry Analysis (Experiment 2)
Vessel density and parafoveal intercapillary area
(PICA) were derived for each image using a custom
MATLAB script.*® Vessel density was calculated across
the whole image, including the FAZ. For the PICA
metrics, the largest intercapillary area (corresponding
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Table 1. Interobserver Agreement Analysis for FAZ Area
Unaveraged Unaveraged Averaged Averaged Averaged
3 x3mm 3 x3mm 3 x3mm 6 x 6 mm HD 8 x 8 mm
AngioPlex AngioVue AngioVue AngioVue AngioVue
Reproducibility® 0.006 mm? 0.007 mm? 0.011 mm? 0.018 mm? 0.047 mm?
Measurement Error® 0.004 mm? 0.005 mm? 0.008 mm? 0.012 mm? 0.033 mm?

1CC (95% CI) 0.9993(0.9986-0.9999) 0.9991(0.9983-1.000)

0.9976(0.9951-1.000) 0.9930(0.9858-1.000) 0.9597(0.9190-1.000)

aDifferences between measurements from two observers of the same subject would be expected to be less than this value

for 95% of pairs of measurements.*

bThe difference between a subject’s measurement and the true value would be expected to be less than this value for 95%

of observations.*®

to the FAZ) was manually subtracted from the raw data
before average PICA and total (summed) PICA were
calculated for the remainder of the image. Images were
binarized and skeletonized in Imagel, and then run
through AnalyzeSkeleton 2D/3D*" in FIJI*® to gener-
ate the total number of vessel endpoints in the entire
image.

Statistical Analysis

Experiment 1 (Device Model Selection)

Reproducibility, measurement error (as defined by
Bland & Altman [1996]*), and intraclass correlation
coefficient (ICC; R Foundation for Statistical Comput-
ing, Vienna, Austria) were calculated to assess the inter-
observer agreement for the 3 x 3 mm scans from
each device. To test for differences between devices,
FAZ area and acircularity were assessed both with
and without individual axial length correction. For
each comparison, either a paired z-test or a Wilcoxon
matched-pairs signed rank test were performed (Prism
version 8.4.1, GraphPad Software, La Jolla, CA). The
decision for which test to use was based on an analy-
sis of normality (P < 0.05) of the difference between
the two devices using the Shapiro-Wilk normality test
(Prism).

Experiment 2 (Scan Size Selection)

Reproducibility, measurement error (as defined by
Bland & Altman [1996]*°), and ICC (R Foundation
for Statistical Computing) were calculated to assess
the interobserver agreement for each scan size using
the AngioVue device. To test for differences between
scan sizes, either a repeated measures 1-way ANOVA
or a Friedman test was performed (Prism) for each
retinal vasculature metric. The decision for which test
to use was based on an analysis of normality (P <
0.05) for each of the three scan sizes using the Shapiro-
Wilk normality test (Prism). Due to the multiple statis-
tical tests run, a P value of 0.0083 or smaller was
considered significant. If significant differences were

found, a Tukey or Dunn’s post hoc test was performed
with significance again set at < 0.0083.

Subject Demographics

For experiment 1 (device model selection), we
included 18 subjects in the final analysis (3 males and
15 females) with an average age of 31.33 years (range =
20-63 years), an average axial length of 24.05 mm, and
self-identifying as white (17) and Asian (1). For exper-
iment 2 (scan size selection), we included 15 subjects
in the final analysis (3 males and 12 females) with an
average age of 29.93 years (range = 23-50 years), an
average axial length of 24.24 mm, and self-identifying
as white (10), Asian (3), black (1), and Hispanic (1).

Interobserver Reproducibility

There was excellent agreement between the two
masked observers for all scan types, although the agree-
ment decreased slightly for the larger scan sizes (see
Table 1). That said, the largest interobserver measure-
ment error for the averaged 8 x 8 mm AngioVue
scan was only 0.032 mm? (about 10% of the mean
FAZ area). All further analysis was performed on
the observers’ averaged values for FAZ metrics (FAZ
area and FAZ acircularity). Because the remaining
metrics (PICA, vessel density, and vessel endpoints)
are extracted automatically without requiring segmen-
tation, no reproducibility examination was performed
for these metrics.

Foveal Avascular Zone Metrics

Experiment 1 (Scan Device Selection)
As shown in Figure 1, there were no significant
differences between devices (AngioPlex—AngioVue)
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Comparison of the FAZ area with unscaled and scaled data. (A) Unscaled FAZ area measurements (average of 2 observers) of

18 right eyes taken using unaveraged 3 x 3 mm images for each scan device (AngioVue, AngioPlex). (B) Scaled FAZ area measurements of
the 18 right eyes (dashed lines: median; box limits: 25th to 75th percentiles; whiskers: minimum and maximum). There were no significant
differences in FAZ area (AngioPlex-AngioVue) between devices using either unscaled (paired t-test, average difference: 0.006 mm?, P =
0.069) or scaled measurements (paired t-test, average difference: -0.005 mm?, P = 0.11). Scaling resulted in decreased average FAZ area
(mean =+ SD) when using the AngioPlex (unscaled area: 0.281 4 0.087 mm?; unscaled range: 0.152-0.501 mm?; scaled area: 0.271 4 0.083
mm?; scaled range: 0.147-0.483 mm?) but increased average FAZ area (mean # SD) when using the AngioVue (unscaled area: 0.275 =+
0.086 mm?; unscaled range: 0.152-0.496 mm?; scaled area: 0.276 + 0.085 mm?; scaled range: 0.153 - 0.499 mm?). (C) Bland-Altman plot
showing interdevice agreement for unscaled average FAZ area. (D) Bland-Altman plot showing interdevice agreement for scaled average
FAZ area. Solid lines represent the mean difference (bias) between the devices, dotted lines represent limits of agreement (LOA), gray shading

represents the 95% confidence intervals for the bias and LOAs for each device.

using either unscaled (paired ¢-test, average difference:
0.006 mm?, P = 0.069) or scaled (paired t-test, average
difference: -0.005 mm?, P = 0.11) measurements of
FAZ area. Scaling resulted in decreased average FAZ
area (mean £ SD) when using the AngioPlex (unscaled:
0.281 + 0.087 mm?; and scaled: 0.271 £ 0.083 mm?)
but increased FAZ area when using the AngioVue
(unscaled: 0.275 4+ 0.086 mm?; and scaled: 0.276 +
0.085 mm?). FAZ acircularity does not require correc-
tion for ocular magnification,>® so no scaling compari-
son was necessary. Although there were some subjects
with visible distortion in the FAZ contour between
devices (Supplementary Video S1), there was no signif-
icant difference in FAZ acircularity between devices

(mean £ SD: AngioVue = 1.19 + 0.09; AngioPlex =
1.21 + 0.12; P = 0.88, Wilcoxon signed-rank test).
In other subjects, minimal inter-device distortion was
present (Supplementary Video S2).

Experiment 2 (Scan Size Selection)

FAZ area did not significantly differ across the
three scan sizes (Fig. 2; Table 2; Supplementary Fig.
S1). Representative OCT-A images from subjects with
the best, median, and worst agreement in FAZ area
(based on the variance across the three scan sizes)
are shown in Figure 3. FAZ acircularity decreased as
the scan size increased, meaning that the FAZ shape



translational vision science & technology

Retinal Vasculature Metrics: Device and Scan Size

A
0.5—
0.4—
E 03— || | | |7
©
QL
<<
N 0.2—
E o N— = =
0.1
0.0
3x3mm [ éx6mmHD | 88mm |

Figure 2.

TVST | October 2020 | Vol.9 | No. 11 | Article7 | 6

B
p =0.0080
14—
x 1.3
[
T
£
> —
| (N COSeRe
2 12+
g
ko]
<<
2
w11 .
1.0
3x3mm [ éx6emmHD | 88mm |

Box-whisker plots of (A) average FAZ area and (B) FAZ acircularity of 15 right eyes taken using the AngioVue device at three scan

sizes (3 x 3mm, 6 x 6 mm HD, and 8 x 8 mm) using averaged frames. The horizontal dashed lines represent the median, the boxes represent
the upper and lower quartiles, and the tick marks represent the minimum and maximum values.

Table 2. Average Retinal Vasculature Metrics (Mean £ SD) of 3 x 3 mm, 6 x 6 mm HD, and 8 x 8 mm AngioVue

Scans?
6 X 6 mm ANOVA 3vs.6 3vs. 8 6Vvs.8

3 x3mm HD 8 x 8mm PValue PValue PValue PValue
FAZ area (mm?2)° 0.316 & 0.08 0.313 4+ 0.08 0.321 £ 0.08 0.2963 NA NA NA
FAZ acircularity Index® 1.23 + 0.09 1.19 + 0.07 1.17 £ 0.05 0.0018 0.0437 0.0080 0.1315
Average PICA (um?)® 2003 £+ 248 2612 + 415 7820 4 2127 <0.0001 <0.0001 <0.0001 <0.0001
Total PICA (mm?)° 3.78 £ 044 3.86 + 0.49 455 £ 0.56 <0.0001 0.0017 <0.0001 <0.0001
Vessel density (%)¢ 490 & 1.15 493 £ 0.722 428 + 1.53 <0.0001 >0.9999 0.0002 <0.0001
Total end points (No.)® 1872 + 276 1535 + 96 484 +£ 119 <0.0001 0.0005 <0.0001 <0.0001

NA, not applicable as P value from ANOVA was not statistically significant.

2All analysis performed on images scaled using the subject’s axial length.
bEvaluated using 1-way repeated measures ANOVA and a Tukey post hoc test.
“Evaluated using a Friedman nonparametric test and a Dunn’s post hoc test.

became more circular as the scan area became larger
(see Table 2).

As shown in Figure 4, Table 2, and Supplementary
Figure S2 there were significant differences between
at least two of the three scan sizes for each retinal
vasculature metric examined (i.e. PICA, vessel density,
and vessel endpoints). There was a significant decrease
in vessel density measured using 8§ x 8 mm scans as
compared to either 3 x 3 mm scans (P = 0.0002) or
6 x 6 mm HD scans (P < 0.0001), although there was
no difference in vessel density between 3 x 3 mm and
6 x 6 mm HD scans (see Table 2). As the size of
the scan increased, average PICA and total PICA
also increased (see Table 2). The inverse was found
with vessel endpoints; as scan size increased, the total
number of endpoints decreased (see Table 2).

Here, we show that the choice of device (AngioVue
or AngioPlex) does not have a significant effect on
FAZ metrics in either unscaled or correctly scaled
images when using manual segmentation. We also
evaluated the effect of scan size on retinal vasculature
and found that while scan size does not significantly
impact measurements of FAZ area, it does affect FAZ
acircularity and other measures of vessel morphome-
try, such as vessel density, PICA, and number of vessel
endpoints. This supports the idea that these metrics,
which are intuitively more dependent on scan resolu-
tion, are not interchangeable across different scan
sizes.



translational vision science & technology

Retinal Vasculature Metrics: Device and Scan Size

3x3mm

Median Agreement Best Agreement

Worst Agreement

TVST | October 2020 | Vol.9 | No. 11 | Article 7 | 7
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I
500 ym

Figure 3. Agreement in FAZ area across scan size. Averaged, cropped, and scaled images from three subjects with the best (62 = 5.63E-07),
median (02 = 1.52E-05), and worst (02 = 0.002395) agreement in FAZ area across all scan sizes (3 x 3 mm, 6 x 6 mm HD, and 8 x 8 mm)

acquired using the AngioVue device. Scale bar = 500 um.

Previous studies have shown that errors in image
scale’’->! and differing segmentation methods'?-*® can
affect measurements of FAZ area.!>-1618,19.22,23.52
Strengths of our study are that: (1) we used manual
segmentation of the FAZ contour and (2) we used the
subject’s axial length and knowledge of the assumed
axial for each device to derive the image scale for
each OCT-A image. This approach allowed us to
isolate the impact of the OCT-A device on FAZ
metrics. Interestingly, we observed no difference in FAZ
area between devices regardless of whether we used
scaled or unscaled images. However, we did observe

a small effect of scaling within each device; the use
of correct scaling resulted in an average decrease in
FAZ area of 0.01 mm? when using the AngioPlex
and an average increase in FAZ area of 0.001 mm?
when using the AngioVue. This small and opposing
effect of scaling is due to the average axial length of
our cohort being slightly greater than the assumed
axial length of the AngioVue device but slightly less
than the assumed axial length of the AngioPlex device.
Taken together, our findings suggest that previously
reported differences in FAZ area between different
OCT-A devices!316-18:19.22.23.52 are most likely due to
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Figure 4. Box-whisker plots of (A) vessel density, (B) total parafoveal intercapillary area (PICA), (C) average PICA, and (D) total number
of vessel endpoints of 15 right eyes taken using the AngioVue device at three scan sizes (3 x 3 mm, 6 x 6 mm HD, and 8 x 8 mm) using
averaged frames. The horizontal dashes represent the median, the boxes represent the upper and lower quartiles, and the tick marks represent

the minimum and maximum values.

different postprocessing methods inherent to the
devices as opposed to fundamental differences in the
images themselves. Additionally, it is possible that the
axial length characteristics of the subjects in earlier
studies differed relative to the device(s) used, which
would affect the reported relative differences in FAZ
area between devices.

OCT-A scan size does not seem to affect super-
ficial FAZ area metrics, supporting some previous
studies**** and refuting others.®® In contrast, scan
size was found to significantly affect all metrics of
vessel morphometry (FAZ acircularity, average and
total PICA, vessel density, and vessel endpoints). To
understand the basis for this finding, one needs to
consider not just the scan dimensions but also the
number of A-scans and B-scans within the volume.

The nominal scan sizes of 3 x 3 mm, 6 x 6 mm
HD, and 8 x 8 mm equate to image resolutions of
9.9 um/px, 15 um/px, and 26.3 um/px, respectively.
The sensitivity of metrics of vessel morphometry to
scan size would suggest that the axial length may not
only affect measures of FAZ area by altering the scale
of the image,?’>! but also may affect the integrity of
metrics of vessel morphometry by altering the effec-
tive image resolution across subjects. Indeed, factor-
ing in variation in axial length in our cohort, we find
that the effective image resolution ranges from 9.2 to
11.1 um/px for the 3 x 3 mm scans, 14.0 to 16.8 um/px
for the 6 x 6 mm HD scans, and 24.5 to 29.7 um/px
for the 8 x 8 mm scans. It is important to note that
the range of axial lengths in our subject population was
relatively small, and so the differences in effective image
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resolution could be even greater in different popula-
tions. This has important implications for consider-
ing any of these metrics as possible biomarkers, as the
metrics would have different sensitivities across differ-
ent subjects according to their axial length. This cannot
be mitigated with postprocessing, as parameters of the
scans themselves (such as sampling density discussed
here) would need to be adjusted for axial length prior to
acquisition to ensure uniform image resolution across
patients in a given study. Although such efforts may
not be practical in a busy clinical setting, it would be
imperative for studies aiming to characterize disease
progression or evaluate therapeutic efficacy on a patient
by patient basis.

There are important limitations to our study. First,
our results are only applicable to the devices (AngioVue
and AngioPlex), scan sizes (3 x 3 mm, 6 x 6 mm
HD, and 8 x 8 mm), and capillary plexus (superficial)
examined here. Given the wide variability in devices
and scan settings, it is not possible to extrapolate our
findings to other combinations of scan device, scan
size, or deeper capillary plexuses. Second, our subject
population skewed female, young, white, emmetropic,
and without known ocular pathology. We cannot rule
out that a more diverse population may reveal device-
specific differences in FAZ area within subgroups, such
as sex, age, ethnicity, refractive error, or ocular pathol-
ogy. A third limitation is our small sample size. For the
device comparison, we were powered to detect a differ-
ence in FAZ area of 0.04 mm? assuming an alpha of
0.05 and a power of 0.8. Although we did not observe
a significant difference in FAZ area between devices, it
could be that we were underpowered to detect a small

but significant difference. We can, however, say that if’

there is a significant difference between devices, it does
not exceed 0.04 mm?.

As evidenced in our experiments, a tradeoff exists
between image resolution and field-of-view; small scan
sizes provide the highest resolution images of capillar-
ies at the expense of retina-wide information.’® This
tradeoff can be compensated for via montaging multi-
ple smaller high-quality images or by utilizing frame
averaging with larger images to improve the signal-
to-noise ratio.***3° Whereas montaging and averag-
ing are feasible in a research setting, they have not
yet reached widespread use — this can be remedied
with software advances. Future studies may be able
to identify the optimal scan size that gives reliable
measures of vessel morphometry without sacrificing
the scan area. Of course, “chair time” must also
be considered in such evaluations, as longer scan
acquisition increases the likelihood that there will be
artifacts, such as blinks, distortion from eye motion,
and reduced image quality due to tear film degradation.
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Nevertheless, there is a need for further prospec-
tive studies that systematically alter sampling density
within the same subject to empirically determine the
analytical limits of OCT-A.
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