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Abstract

Purpose This study aimed to determine the optimal OCT angiography (OCT-A) scanning pattern using the
SPECTRALIS HRA-OCT2 device to evaluate macular microvasculature perfusion in healthy subjects.

Methods Healthy subjects were imaged using the SPECTRALIS OCT-A Module (Heidelberg Engineering) with the
following scanning protocols: 10°X10°-512 ART 7 [P1], 109X10°-256 ART 5 [P2], 10°X10°-512 ART 5 [P3], and 15°X10°-
256 ART 5 [P4], all centered on the macula. Vessel perfusion density (VPD) and vessel length density (VLD) of the
superficial vascular complex (SVC) were calculated using ImageJ software to evaluate the differences between
scanning patterns. Three additional 10°x1°, ART 7 high-density images were also obtained using the in-built software
(SP-X1701 Update 3, based on Heyex Software Version 1.9.215.0 H) in the macular area and the VPD and VLD for all the
three10°x1° pattern size images with the corresponding area of pattern 1 image[P1]. Two retinal specialists conducted
a blind qualitative assessment of the foveal avascular zone and image quality.

Results Twenty eyes from 20 consecutive healthy patients were included in the study. The mean VPD for P1, P2, P3,
and P4 were 35.60, 31.67,31.18, and 31.16, respectively. Mean VLD for P1, P2, P3, and P4 were 7.54, 5.86, 6.74, and

440, respectively. Significant differences were found between P1 and the other patterns for both the VPD and VLD,
but not between P2, P3, and P4.VPD and VLD for 10°x1° high-density images were 33.20 and 4.61, respectively, with
significant VLD differences compared to P1, but not for VPD. P1 scored the highest and P4 the lowest in the qualitative
assessments.

Conclusions The 10°X10°-512 ART 7 pattern showed statistically significant qualitative superiority and appeared
optimal for blood flow detection with reduced noise in quantitative assessments.
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Introduction

Optical coherence tomography (OCT) angiography
(OCT-A) provides visualization of retinal perfusion
without the injection of contrast agents [1]. Dye-based
angiographies are the gold standard for imaging reti-
nal and choroidal vessels, and have been used for many
years in clinical practice and clinical trials. However, they
require the injection of a contrast agent and provide two-
dimensional images, not being able to image individual
layers of the vasculature at different depths. Conversely,
OCT-A allows three-dimensional, high-resolution scans
of the retinal vascular structure in a noninvasive man-
ner. Owing to its depth-resolved nature, OCT-A allows
the separate visualization of the superficial vascular
complex (SVC), intermediate capillary plexus (ICP),
deep capillary plexus (DCP), and choriocapillaris [1, 2].
OCT-A has some limitations, such as artifacts that can
arise from OCT image acquisition, intrinsic characteris-
tics of the eye, eye motion, image processing, and incor-
rect volume segmentation [3]. Previous studies have
demonstrated good reproducibility and repeatability of
quantitative measurements of the foveal avascular zone
(FAZ) area, vessel perfusion density (VPD), and frac-
tal dimension (FD) of the SVC and DCP in healthy eyes
using different OCTA devices [4—9]. Nevertheless, it was
shown that a comparison between OCT-A devices was
nearly impossible because of the different OCT-A algo-
rithms and scanning patterns [10]. Ishii et al. measured
the FAZ area on en-face OCT-A images using a manual
approach and an automated software-assisted method,
showing that both methods were comparable [11]. Hosari
S et al. showed a good intra-visit reliability values of the
macular microvascular measurements including VPD
and FAZ on SPECTRALIS HRA-OCT2 (Heidelberg
Engineering, Heidelberg, Germany) OCT-A images in
combination with a custom built software [12]. It has
been hypothesized that the detection of blood flow on
OCT-A relies on two factors: the distance between two
consecutive B-scans, and the number of averaged frames
per B-scan. Freund et al. (2018) and Lupidi et al. (2019)
showed that high-density volume scans provide more
blood flow information than standard volumes and cor-
relate it with retinal microstructure visualization [13, 14].
Therefore, it is essential to understand the reliability of
different scanning protocols for OCT-A and their sen-
sitivity to retinal microvascular measurements. Choos-
ing the correct OCT-A acquisition protocol is essential
for several reasons. It improves diagnostic accuracy; an
inappropriate protocol can result in suboptimal image
quality, limiting the identification of subtle physiological
variations or early anomalies. Data comparability: Using
a standardized protocol ensures that data are compa-
rable over time or with those of other patients. Preven-
tion of artifacts: This avoids the risk of artifacts leading to
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an abnormal interpretation of the images. Optimization
of time and resources. It also enables the representation
of exact human anatomy, which can be used as a basis
for developing statistical models or artificial intelligence
algorithms [15, 16]. To our knowledge, this is the first
study to evaluate different OCT-A scanning protocols for
quantitative and qualitative assessments using a single
OCT-A device in healthy subjects. The purpose of this
study was to assess the optimal scanning pattern on the
SPECTRALIS HRA-OCT?2 device by comparing different
approaches with variable lateral resolutions.

Methods

Study design

This observational, cross-sectional study involv-
ing healthy eyes was conducted at the Eye Clinic of
the Azienda Ospedaliero-Universitaria delle Marche
(Ancona, Italy). Prior approval was obtained from the
Marche Institute Review Board (IRBs), and the proce-
dures conformed to the tenets of the Declaration of Hel-
sinki. Written informed consent was obtained from all
participants prior to sequential OCT imaging.

Study population

Consecutive healthy patients who underwent a com-
prehensive ophthalmology assessment were included.
Best-corrected visual acuity, slit-lamp biomicroscopy,
intraocular pressure measurement, fundus evaluation,
and OCTA were performed between November 2023 and
January 2024. Inclusion criteria for this study included
eyes with 20/20 visual acuity or better with no history
or clinical evidence of any retinal disease or systemic ill-
ness, and all subjects older than 18 years of age. Exclu-
sion criteria included any history or clinical evidence
of retinal disease, glaucoma, previous ocular surgery or
laser, and refractive error of +/-3 diopters or more. We
also excluded eyes with limited image quality on OCTA
(quality index [QI] <30 dB) due to poor fixation or media
opacities.

OCTA image acquisition

OCTA images were obtained using SPECTRALIS
HRA + OCT2 (Heidelberg Engineering, Heidelberg, Ger-
many), which was able to acquire 85,000 A-scans per sec-
ond with 3.9-pm axial and 6-um lateral resolutions. This
device uses a probabilistic amplitude decorrelation algo-
rithm and a light source of 870 nm, with a bandwidth of
50 nm. For additional details regarding the device or the
OCTA algorithm, we refer interested readers to our pre-
viously published studies [17, 18]. TruTrack® active eye-
tracking technology was used to reduce motion artifacts.
A high-resolution structural volume scan centered on
the fovea was captured (the automated real-time [ART]
mode was set at 5 or 7 frames/scan).
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The OCTA patterns obtained in each eye included:
Pattern 1[P1]: 10°X10° (2.9 x 2.9 mm); 512 a-scans x 512
b-scans ART 7 (10°X10°- 512 ART 7); Pattern 2 [P2]:
10°x10°, 256 a-scans x 256 b-scans ART 5 (10°X10°- 256
ART 5); Pattern 3 [P3]: 10°x10° pattern, 512 a-scans
x 512 b-scans ART 5 (10°X10°- 512 ART 5). Pattern 4
[P4]: 15°x10° (4.4x2.9 mm); 768 a-scans x 256 b-scans;
ART 5 (15°X10°-256 ART 5). Three additional 10°x1°
images, ART 7, were obtained using the in-built software
(SP-X1701 Update 3, based on Heyex Software Version
1.9.215.0 H, Heidelberg Engineering, Heidelberg, Ger-
many) in the macular area that allows multiple scans
times in 1°, and after which high-quality high-density
scans were obtained [17]. Each 10°x1° image included
300 B-scans in 1° area (10°x1°-300-7 ART). To summa-
rize, the acquisition patterns P1, P2, P3, and three addi-
tional 10°x1° images were obtained using OCT-A at high
resolution (HR). In contrast, the P4 pattern was acquired
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at high speed (HS). This specific pattern had a larger field
of view (15°x10°) to maintain the same number of pix-
els as the HR images. To enable an optimal comparison,
the P4 images were cropped to match the dimensions of
the other images, allowing for proper overlay and align-
ment. (Fig. 1) OCTA images from the four different scan-
ning patterns were reviewed by a retina specialist (ML)
to detect potential segmentation errors and evaluate the
quality of the scans. The OCTA en face reconstruction of
the SVC was obtained for each of the four different pat-
terns. We used the automated segmentation provided
by the built-in software viewer (Heyex Software version
1.9.201.0; Heidelberg Engineering) with manual correc-
tion when needed. The SVC boundaries were set at the
internal limiting membrane and inner margin of the inner
plexiform layer. The built-in projection artifact removal
tool was used to avoid potential artifacts, and the fixed
contrast was set at 1.5. The OCTA en face reconstruction
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Fig. 1 Example of Pattern 1[P1]: 10°X10° (2.9 2.9 mm); 512 a-scans x 512 b-scans ART 7 (10°X10°- 512 ART 7) figure A; Pattern 2 [P2]: 10°x109°, 256 a-scans
X 256 b-scans ART 5 (10°X10°- 256 ART 5) Figure B; Pattern 3 [P3]: 109x10° pattern, 512 a-scans x 512 b-scans ART 5 (10°X10°- 512 ART 5) Figure C. Pat-
tern 4 [P4]: 15°x10° (4.4 x 2.9 mm); 768 a-scans x 256 b-scans; ART 5 (15°X10°-256 ART 5) Figure D. Figure D cropped to a 10°x10° field of view for direct
comparison with the other images” Figure E
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Fig. 3 The stack image and the different scanning patterns used are shown: Pattern 1[P1]: 10°X10°(2.9x 2.9 mm); 512 a-scans x 512 b-scans; ART
7(100X10°- 512 ART 7), Pattern 2 [P2]: 10°x109; 256 a-scans x 256 b-scans; ART 5(10°X100°- 256 ART 5), Pattern 3 [P3]: 10°x10° pattern; 512 a-scans x 512 b-
scans; ART 5 (100X10°- 512 ART 5). Pattern 4 [P4]: 15°x10° (4.4 x 2.9 mm); 768 a-scans x 256 b-scans; ART 5(15°X10°-256 ART 5)

of the DCP and choriocapillaris were not evaluated in the
present study; thus, the influence of projection artifacts
was avoided. The alignment of the images was assessed
by evaluating the overlap of the retinal blood vessels to
ensure proper registration of the corresponding vascular
structures. Visual inspection was performed to verify the
accuracy of the alignment.

Quantitative and qualitative assessment of OCTA images
All OCTA en face reconstructions of the SVC for each
scanning pattern (four images per eye) were processed
for qualitative and quantitative assessments.

Qualitative assessment was performed independently
by 2 retinal specialists (ML and RDM). To perform a
blind reading, the images were presented randomly
without the pattern label. The continuity of the FAZ was
assessed and graded as <90° (1), 90°-180° (2), 180°-270°
(3), 270°-360° (4). The image quality was also graded as
poor (1), average (2), and good (3) for each one of the dif-
ferent scan pattern. (Fig. 2)

For quantitative assessment, VPD and vessel length
density (VLD) were computed using Image] software ver-
sion 1.48 (National Institutes of Health, Bethesda, Mary-
land, USA) [19]. Prior to the calculation of VPD and VLD,
four different images of each eye were stacked, aligned
using a plugin stack-reg in Image] software, and cropped

to ensure that the same area was evaluated. Binariza-
tion of the stack image was performed by selecting the
default method and background light in Image]J (Fig. 3).
After the stack process, the images were separated again
to calculate the VPD and VLD using the specific vessel
analysis plugins. Similarly, we quantified the VPD and
VLD for all three 10°x1° pattern size high-density images
with the corresponding area of the pattern 1 image [P1].
In particular, the VPD was defined as the ratio of the area
occupied by vessels divided by the total area. VLD was
calculated by converting all vessels into a single pixel-
wide structure(skeletonization), thereby removing the
effect of larger vessels on the overall vessel density. VLD
was measured in mm™.

Statistical analysis

All variables were described by their mean and stan-
dard deviation (SD). Statistical significance was set at
pvalue<0.05. All statistical analyses were performed
using SPSS statistical software version 21(SPSS Inc.,
IBM Company, Chicago, IL). Friedman test was used to
compare mean values. Bland-Altman analysis was per-
formed by setting the limits of agreement to two stan-
dard deviations.
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Results

Demographic data

Twenty eyes from 20 consecutive healthy patients (12
males) were included in the present study. The mean age
was 29.0£6.5 years.

Qualitative data

In the qualitative assessment, the inter-grader compari-
son showed no statistically significant differences in the
evaluation of the images by the two operators for the
continuity of the FAZ in the various patterns (p =0.9290).
Statistically significant differences were reported in image
quality grading for P2 (p=0.0098) and P4 (p=0.0022).
Grade 1(RDM) was compared to grade 2 (ML).

In the intra-grader comparison, statistically signifi-
cant differences were reported for the FAZ (grade 1,
p=0.00010; grade 2, p=0.00348) and image quality
(grade 1 p=0.0001, grade 2, p<0.0001). We also found
that image P1 had the highest score and image P4 had
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the lowest score from both graders in both the FAZ and
image quality assessments.

Quantitative data
In the quantitative assessment, the mean VPD values of
the en-face images P1, P2, P3, and P4 were 35.60, 31.67,
31.18, and 31.16, respectively. The mean VLD values for
P1, P2, P3, and P4 were 7.54, 5.86, 6.74, and 4.40, respec-
tively. A statistically significant difference was reported
between P1 and P2, P3, and P4 for both VPD (p0.0001)
and VLD (p“0.0001)). No statistically significant dif-
ferences were found between P2, P3, and P4 values for
the VPD (p’0.05)) but there was a significant difference
between P1 and P2 (p“0.0001), P1 and P3 (p=0.0042),
P1 and P4 (p0.0001), P2 and P3 (p“0.0011), P2 and
P4(p0.0001) and P3 and P4(p0.0001) for the VLD
(Figs. 4 and 5).

In addition, the mean VPD values of 10°x1° high den-
sity image(10°x1°-HR-300-7ART) and cropped image
P1(corresponding to a 10°x1° area) were 33.20 and
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Fig. 4 The plot shows statistically significant differences between the P1 scan pattern and other scanning patterns (P2, P3, and P4), but no statistically
significant differences between P2, P3, and P4 for vessel perfusion density (VPD)
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Fig. 5 The plot shows statistically significant differences between the P1 scan pattern and other scanning patterns, P2, P3, and P4, but no statistically

significant differences between P2, P3, and P4 for vessel length density (VLD)

32.91°, respectively. The mean VLD values of the 10°x1°
high-density image (10°x1°-HR-300-7ART) and cropped
image P1(corresponding a to 10°x1° area) were 4.61 and
6.885. A statistically significant difference was reported
between both 10°x1° high-density image and cropped P1
images for VLD (p<0.0001), but no statistically signifi-
cant difference was observed for VPD (p=0.72) (Figs. 6
and 7).

Discussion

Since the development of OCTA, the focus has been on
optimizing en-face visualization using different com-
puter-generated algorithms. All OCTA devices enable
en face reconstruction using a variety of scanning pat-
terns. However, there is currently no consensus on the
optimal pattern for capturing the detailed vascular flow
characteristics. Therefore, in the present study, we com-
pared different OCTA scanning patterns using a single
SPECTRALIS HRA-OCT?2 device for each healthy eye
and assessed quantitative and qualitative information.
In addition, correlations between different scanning

patterns and high-density images were assessed. We
could not find any differences in the FAZ evaluation
during the inter-grader comparison in the various pat-
tern images; however, differences in image quality were
reported. Similarly, a difference was noticed in the intra-
grader comparison for both FAZ and image quality. In
this qualitative assessment, scanning pattern image P1
(10°X10°- 512 ART 7) had the highest score for both the
FAZ and image quality assessments from both graders.
In the quantitative assessment, we observed that image
P1 showed higher values than images P2, P3, and P4,
whereas no differences were observed among P2, P3, and
P4 images for both the VPD and VLD. We also did not
find any differences in the comparison between P1 (high-
est-value image) and high-density images.

Our results showed that in the quantitative assessment,
image P1 was shown to be an optimal scanning approach
for detecting blood flow compared to the other analyzed
scanning patterns in the same device and seemed to suf-
fer less from noise. Uji et al. [20] demonstrated that en
face averaging can significantly improve the en face
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Fig. 6 The plot shows no statistically significant difference between the 10°x1° high-density image and the corresponding cropped area from the P1

image for VPD (p=0.72)

OCTA image quality and impact quantitative measure-
ments. Similarly, Sakamoto et al. [21] found that aver-
aging more than four SD scans resulted in a significant
improvement in the quality of images and visualization to
distinguish retinal structures. The P1 images had a higher
lateral resolution than P2, P3, and P4, isotropic lateral
resolution, and a higher number of repeats per B-scan
(ART?7), showing that high lateral resolution with a high
ART plays an essential role in the acquisition of high-
quality OCTA images with a possible impact on clinical
information. However, the acquisition of high-quality
images may have the limitation of a longer acquisition
time. The decision on the need to acquire faster OCTA
scans versus high-quality OCTA images should be made
during the planning of clinical studies or clinical trials,
including OCTA volume scans. However, we found no
differences between the high-density images created with
lateral averaging and the P1 images. The clinical value of
these high-density images has been previously demon-
strated [13, 14]; however, our results suggest that lateral

averaging on dense OCTA volume scans may play a role
in increasing the B-scan image quality with a lower effect
on en face reconstruction. In addition, P1 had an optimal
lateral resolution (6 pm) to show detailed en face OCTA
images.

Although the study was conducted in healthy subjects,
the benefits of a proper OCT-A image acquisition pro-
tocol also have clinical implications. Determining the
presence or absence of maculopathies is a challenging
task. For example, in diabetic retinopathy, an inadequate
protocol might fail to capture early microaneurysms or
capillary dropout in the deep capillary plexus, leading
to delayed diagnosis and intervention [22]. Similarly, in
age-related macular degeneration (AMD), a poor scan
resolution could obscure the detection of choroidal
neovascularization, affecting treatment decisions [23].
Using a standardized protocol ensures consistent imag-
ing data for reliable comparisons over time. For example,
OCTA can be used to monitor treatment response to
MNYV, but without standardization, variations in scan
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Fig. 7 The plot shows a statistically significant difference between the 10°x1° high-density image and the corresponding cropped P1 image for VLD

(p<0.0001)

density, field of view, or segmentation parameters could
compromise the consistency of quantitative biomarkers
[1]. Optimizing the scan speed, reducing patient move-
ment, and ensuring accurate retinal layer segmentation
improve the image quality. For example, in highly myopic
patients, incorrect segmentation may misrepresent vas-
cular structures, leading to erroneous interpretations. To
our knowledge, this study is the first to quantitatively and
qualitatively evaluate the VPD and VLD of en-face OCT
angiograms of healthy subjects using different scanning
patterns on a single OCTA device. The selection of an
optimal scan pattern is key and depends on the infor-
mation that needs to be gathered. However, this study
also has some limitations, including a small sample size
and the lack of timing evaluation to assess the impact of
acquiring high-quality images on the clinical workflow.
In addition, only en face OCTA information was assessed
in the present study, and future studies evaluating B-scan
information are warranted to fully assess the impact of
scan selection.

Conclusion

Our qualitative assessment showed a statistically signifi-
cant superiority for P1 (10°X10°- 512 ART 7) compared
with the other scanning patterns, highlighting the impor-
tance of high lateral resolution with a high number of
B-scan repeats. In the quantitative assessment, P1 was
shown to be an optimal scanning approach for detect-
ing blood flow and seemed less affected by noise. Careful
selection of the scan pattern is needed when evaluating
the OCTA data, especially in protocolized clinical studies
or clinical trials.

Abbreviations

OCT  Optical coherence tomography
OCT  Optical coherence tomography angiography
SvC Superficial vascular complex
ICP Intermediate capillary plexus
DCP  Deep capillary plexus

FAZ Foveal vascular zone

VPD  Vessel perfusion density

FD Fractal dimension

VLD  Vessel length density

SD Standard deviation



Gujar et al. International Journal of Retina and Vitreous

Acknowledgements
None.

Author contributions

ML, RDM, were involved in the designing of the study. RG, ML were involved in
the collection of data. DF, RDM, ML, CR, CM were responsible for interpretation
and analysis of the data. RG, RDM, JC, ML, AM were involved in manuscript
writing. RDM, ML, AM, GG, JC, DF, LM, CM reviewed the article. All the authors
conducted the study and contributed in the preparation, review and approval
of the manuscript.

Funding

The authors (s) have not received any financial support for the research,
authorship, or publication of this article.

Rosa Dolz-Marco is consultant for Heidelberg Engineering and receives
research support from Roche, IvericBIO and Allergan. The other authors have
no financial support.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Conflict of interest
No conflicting relationships exist for any author.

Authorship
All authors attest that they met the current ICMJE criteria for authorship.

Received: 23 December 2024 / Accepted: 27 February 2025
Published online: 13 March 2025

References

1. Spaide RF, Fujimoto JG, Waheed NK, Sadda SR, Staurenghi G. Optical coher-
ence tomography angiography. Prog Retin Eye Res. 2018,64:1-55.

2. Balaratnasingam C, An D, Freund KB, Francke A, Yu D-Y. Correlation between
histologic and OCT angiography analysis of macular circulation. Ophthalmol-
0gy. 2019;126:1588-9.

3. Spaide RF, Fujimoto JG, Waheed NK. IMAGE ARTIFACTS IN OPTICAL COHER-
ENCE TOMOGRAPHY ANGIOGRAPHY. Retina. 2015;35:2163-80.

4. CorviF, Pellegrini M, Erba S, Cozzi M, Staurenghi G, Giani A. Reproducibility of
vessel density, fractal dimension, and foveal avascular zone using 7 different
optical coherence tomography angiography devices. Am J Ophthalmol.
2018;186:25-31.

5. Magrath GN, Say EAT, Sioufi K, Ferenczy S, Samara WA, Shields CL. Vari-
ability In Foveal Avascular Zone And Capillary Density Using Optical
Coherence Tomography Angiography Machines In Healthy Eyes. Retina.
2017;37:2102-11.

6. Munk MR, Giannakaki-Zimmermann H, Berger L, Huf W, Ebneter A, WoIf S, et
al. OCT-angiography: A qualitative and quantitative comparison of 4 OCT-A
devices. PLoS ONE. 2017;12:¢0177059.

7. ShojiT, Yoshikawa Y, Kanno J, Ishii H, Ibuki H, Ozaki K, et al. Reproducibility of
macular vessel density calculations via imaging with two different Swept-
Source optical coherence tomography angiography systems. Trans| Vis Sci
Technol. 2018;7:31.

(2025) 11:28

Page 9 of 9

8. Mihailovic N, Brand C, Lahme L, Schubert F, Bormann E, Eter N, et al. Repeat-
ability, reproducibility and agreement of foveal avascular zone measure-
ments using three different optical coherence tomography angiography
devices. PLoS ONE. 2018;13:0206045.

9. Zhao Q Yang WL, Wang XN, Wang RK, You QS, Chu ZD, et al. Repeatability
and reproducibility of quantitative assessment of the retinal microvasculature
using optical coherence tomography angiography based on optical microan-
giography. Biomed Environ Sci. 2018,31:407-12.

10. Lentzsch A, Schollhorn L, Schnorr C, Siggel R, Liakopoulos S. Comparison
of swept-source versus spectral-domain optical coherence tomography angi-
ography for detection of macular neovascularization. Graefes Arch Clin Exp
Ophthalmol. 2022;260:113-9.

11. Ishii H, Shoji T, Yoshikawa Y, Kanno J, Ibuki H, Shinoda K. Automated measure-
ment of the foveal avascular zone in Swept-Source optical coherence tomog-
raphy angiography images. Transl Vis Sci Technol. 2019;8:28.

12. Hosari S, Hohberger B, Theelke L, Sari H, Lucio M, Mardin CY. OCT angiog-
raphy: measurement of retinal macular microvasculature with spectralis
IIOCT Angiography - Reliability and reproducibility. Ophthalmologica.
2020;243:75-84.

13. Freund KB, Gattoussi S, Leong BCS. Dense B-Scan optical coherence tomogra-
phy angiography. Am J Ophthalmol. 2018;190:78-88.

14. Lupidi M, Fruttini D, Eandi CM, Nicolo M, Cabral D, Tito S, et al. Chronic
neovascular central serous chorioretinopathy: A stress/rest optical coherence
tomography angiography study. Am J Ophthalmol. 2020;211:63-75.

15.  LeiJ, Durbin MK, Shi, Uji A, Balasubramanian S, Baghdasaryan E, et al.
Repeatability and reproducibility of superficial macular retinal vessel density
measurements using optical coherence tomography angiography En face
images. JAMA Ophthalmol. 2017;135:1092-8.

16. Hagag AM, Gao SS, Jia Y, Huang D. Optical coherence tomography angiogra-
phy: technical principles and clinical applications in ophthalmology. Taiwan J
Ophthalmol. 2017;7:115-29.

17. Lupidi M, Coscas G, Coscas F, Fiore T, Spaccini E, Fruttini D, et al. Retinal micro-
vasculature in nonproliferative diabetic retinopathy: automated quantitative
optical coherence tomography angiography assessment. Ophthalmic Res.
2017,58:131-41.

18.  Coscas G, Lupidi M, Coscas F. Optical coherence tomography angiography in
diabetic maculopathy. Dev Ophthalmol. 2017;60:38-49.

19. TeplyiV, Grebchenko K. Evaluation of the scars'vascularization using com-
puter processing of the digital images. Skin Res Technol. 2019;25:194-9.

20. Uji A Balasubramanian S, Lei J, Baghdasaryan E, Al-Sheikh M, Sadda SR.
Impact of multiple En face image averaging on quantitative assessment
from optical coherence tomography angiography images. Ophthalmology.
2017;124:944-52.

21, Sakamoto A, Hangai M, Yoshimura N. Spectral-domain optical coherence
tomography with multiple B-scan averaging for enhanced imaging of retinal
diseases. Ophthalmology. 2008;115:1071-e10787.

22. Ishibazawa A, Nagaoka T, Takahashi A, Omae T, Tani T, Sogawa K, et al. Optical
coherence tomography angiography in diabetic retinopathy: A prospective
pilot study. Am J Ophthalmol. 2015;160:35-e441.

23. Faridi A, JiaY, Gao SS, Huang D, Bhavsar KV, Wilson DJ, et al. Sensitivity and
specificity of OCT angiography to detect choroidal neovascularization. Oph-
thalmol Retina. 2017;1:294-303.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿“Setting the standard”: an analysis of different acquisition patterns for macular OCT-angiography
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design
	﻿Study population
	﻿OCTA image acquisition
	﻿Quantitative and qualitative assessment of OCTA images
	﻿Statistical analysis

	﻿Results
	﻿Demographic data
	﻿Qualitative data
	﻿Quantitative data

	﻿Discussion
	﻿Conclusion
	﻿References


