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Abstract

Aim: The aim of the present study was to investigate the reli-
ability of macular microvasculature measurements in normal
subjects by Heidelberg Spectralis Il optical coherence tomog-
raphy angiography (OCT-A) in combination with a newly
made software. Subjects and Methods: This prospective
study included 23 eyes of 23 persons from the Erlangen Glau-
coma Registry (ISSN 2191-5008, CS-2011; NTC00494923).
The subjects underwent a complete clinical, standardized
ophthalmologic examination to rule out any eye disease. En
face OCT-A imaging was done using Heidelberg Spectralis |l
OCT (Heidelberg, Germany). Images were recorded with a
15 x 15° angle and a lateral resolution of 5.7 um/pixel, result-
ing in a retinal section of 2.9 x 2.9 mm. The Erlangen-Angio-
Tool (EA-Tool) OCT-A application performed multiple seg-
mentations, allowing analysis of the vessel density in 12 seg-
ments. The software was coded in MATLAB. Macular data on
the superficial vascular plexus (SVP), intermediate capillary

plexus (ICP), and deep capillary plexus (DCP) were exported
into the application and analyzed separately. The EA-Tool cal-
culated the percentage of “white area” in the “total area” of
the region of interest, called vessel density. Foveolar avascu-
lar zones (FAZs) of the SVP, ICP, and DCP were calculated
manually. To investigate the reproducibility of the new soft-
ware, individual scans (SVP, ICP, and DCP) were analyzed
twice with the EA-Tool and intraclass coefficients (ICCs) of the
vessel density values were calculated. Statistical analysis was
performed with SPSS version 21.0. Results: The mean vessel
density of the SVP ranged between 30.4 and 33.5, that of the
ICP between 20.9 and 24.7, and that of the DCP between 23.5
and 27.6.Bland-Altman plots showed a good reliability of two
consecutive scans of each sector (51-512) in the SVP, ICP, and
DCP. Testing reproducibility, no statistically significantly dif-
ferent sectorial coefficients of variation of the SVP, ICP, and
DCP were observed (p > 0.05). The mean FAZ area of the SVP
was 0.43 + 0.16 mm?, that of the ICP 0.28 + 0.1 mm?, and that
of the DCP 0.44 + 0.12 mm?. Conclusions: Spectralis OCT I, in
combination with the semiautomated vessel density soft-
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ware EA-Tool, showed good or even excellent ICCs in 75% of
all segments of the SVP, ICP, and DCP. The ICCs for the FAZ
area in the SVP, ICP, and DCP were excellent.

© 2019 S. Karger AG, Basel

Introduction

Analysis of the retinochoroidal microvasculature is an
important diagnostic tool for clinical everyday life and
research issues. Visualization of the vessels’ structure and
their perfusion can be done by invasive techniques (e.g.,
fluorescence angiography); yet, a recent noninvasive
technique was introduced by Makita et al. [1] and Jia et
al. [2]. Optical coherence tomography angiography
(OCT-A) enables fast and noninvasive 3D imaging of the
retinochoroidal vasculature with high spatial resolution.
Using a motion contrast algorithm, dye injection is not
necessary to visualize vessels of the retina and choroid.
OCT-A of the first generation showed the microvascula-
ture of two distinct retinal vascular layers: the superficial
vascular plexus (SVP) and the deep capillary plexus
(DCP) [3]. The latest version of the Spectralis II imple-
ments visualization of a third vascular layer, the interme-
diate capillary plexus (ICP), localized between the SVP
and DCP [4]. These three microvascular layers were seen
to correlate well with anatomical structures [5].

Several different OCT-A tools are currently available;
however, each manufacturer uses its own algorithm for
generating vascular images based on OCT signal infor-
mation (e.g., a full-spectrum amplitude algorithm or a
split-spectrum amplitude algorithm) [6, 7]. Additionally,
different software tools and algorithms with consecutive-
ly different binarization were used for the evaluation of
OCT-A images [3, 6, 8, 9]. Due to these facts, different
vessel density values were observed when using OCT-A
systems of diverse manufacturers. Thus, it is important to
investigate the reliability of each OCT-A device and anal-
ysis software. Only one reliability study is currently avail-
able, using Heidelberg Spectralis II OCT-A and custom-
made software (AngiOCTool version 4.0), analyzing fo-
veal avascular zone (FAZ) metrics as well as SVP and
DCP vessel density. At present there is no commercially
available evaluation software to use Spectralis II OCT-A
images.

The aim of the present study was to investigate the re-
liability of macular microvasculature measurements in
normal subjects by Heidelberg Spectralis II OCT-A in
combination with a newly made MATLAB (The Math-
Works, Inc; R2017b) software (Erlangen-Angio-Tool
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[EA-Tool] version 1.0). Intraclass correlation coefficients
(ICCs) of vessel density and FAZ for the SVP, ICP, and
DCP were calculated.

Subjects and Methods

Participants

The present, prospective study included 23 eyes of 23 persons
from the Erlangen Glaucoma Registry (ISSN 2191-5008, CS-2011;
NTC00494923) of the Department of Ophthalmology, Friedrich-
Alexander University Erlangen-Niirnberg, Germany. All subjects
underwent a complete standardized ophthalmologic examination
including slit-lamp biomicroscopy, funduscopy, and Goldmann
applanation tonometry. White-on-white perimetry (Octopus 500,
program G1; Interzeag AG, Schlieren, Switzerland) was done. The
presence of any eye disease was an exclusion criterion. Best cor-
rected visual acuity was >0.8. No eye was amblyopic.

OCT Angiography

En face OCT-A imaging was done using Heidelberg Spectralis
II OCT (Heidelberg, Germany). The images were recorded with a
15 x 15° angle and a lateral resolution of 5.7 um/pixel, resulting in
a retinal section of 2.9 x 2.9 mm. One of the eyes of each subject
was chosen randomly for the en face OCT-A measurements. Two
scans were performed within 1 day by the same investigator. Mac-
ular data on the SVP (thickness: 80 pm), ICP (thickness: 50 um),
and DCP (thickness: 40 um) were obtained and exported. The
scans were checked for artifacts or shadows prior to analysis.

OCT-A Vessel Density and FAZ Measurements

The EA-Tool OCT-A application performed multiple segmen-
tations, allowing analysis of vessel density. The software was coded
in MATLAB. It is designed as stand-alone software with a graphi-
cal user interface to work independently from the device. Macular
data on the SVP, ICP, and DCP were exported into the application
and analyzed separately.

First, a binary picture was generated, in which each vessel pix-
el (i.e., a pixel belonging to a vessel) was white and each tissue
pixel (i.e., a pixel belonging to tissue) was black. For definition of
a “vessel pixel,” the original image was convolved with a Frangi
vesselness filter, based on eigenvalue analysis of the multiscale
Hessian image filter response [7, 10]. The resulting image was bi-
narized using the Otsu thresholding algorithm [11] (Fig. 1).

After segmentation, the center of the macular region, being the
center of the circle which is defined as the region of interest (ROI),
was marked by the user. Therefore, the center of the macula was
marked by a geometrical grid and manually approved with a cross-
hair defining 4 equal quadrants of the FAZ in the en face OCT-A
images. The ROI was defined as an annulus, which itself was sub-
divided into 11 sectors (S1-S12) of 30° each (Fig. 2). In the present
study, the inner ring of this annulus had a diameter of 0.80 mm
and the outer ring had a diameter of 2.9 mm, resulting in a total
ROI area of 6.1 mm?. The quantification part of the EA-Tool cal-
culated the percentage of “white area” in the “total area” of the
ROI, called vessel density. Additionally, the FAZs of the SVP, ICP,
and DCP were calculated manually by the same reader by inter-
connecting the most inward-reaching vessel tails. Afterwards, the
application software automatically calculated the total size of the
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Fig. 1. Optical coherence tomography an-
giography scans of the superficial vascular
plexus (a, b), intermediate capillary plexus
(c, d), and deep capillary plexus (e, f) be-
fore (a, ¢, e) and after filtering and thresh-
olding with the EA-Tool (b, d, f).

FAZ within the defined layer. To investigate the reproducibility of
our software, we also evaluated one scan (SVP, ICP, DCP) from
each subject twice with our EA-Tool and calculated the ICCs of the
vessel density values.

Statistics

Statistical analysis was performed with SPSS version 21.0. De-
mographic and OCT-A data are presented as the mean + SD. As
the SD increased with the magnitude of the measurements, coef-
ficients of variation (CVs) were calculated for the SVP, ICP, DCP,

Measurement of Retinal Macular
Microvasculature with Spectralis II

and area of FAZ in order to investigate the reliability of the first
and second OCT-A scans; f tests, nonparametric tests, and one-
way ANOVA were performed for statistical analysis. Bland-Alt-
man plots [12] are presented. Additionally, the power of one-way
ANOVA for balanced data was calculated. The input values were
the number of observations in each group, their average values,
and the estimate SD. We tested if there were differences between
the two cases at the 0.05 significance level. The power analysis was
conducted with SAS version 9.3 (SAS Institute Inc., Cary, NC,
USA).
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Fig. 2. Region of interest (i.e., macula) marked with an annulus,
subdivided into 12 sectors of 30° (S1-S12).

Results

Demographic Data on the Study Population

Twenty-three eyes of 23 normal subjects (14 male and
9 female probands) were included in the present study.
The spherical equivalent showed a mean of -0.69 + 1.4 D.
The mean age was 26.8 * 6 years, with a range of 19-48
years (women: 24.4 + 5; men: 28.4 £+ 7). None of the par-
ticipants had an ophthalmic disorder. No previous oph-
thalmic surgery or laser treatment had been performed.
The OCT scans showed healthy foveal areas. The intra-
ocular pressure was within the normal range.

Reliability and Reproducibility of Vessel Density

Measurements in the SVP, ICP, and DCP

The mean vessel density values of S1-S12 for the SVP,
ICP, and DCP on the first scan and the second scan can
be seen in Table 1. Additionally, the absolute difference
between the first and the second scan is presented. The
mean vessel density of the SVP ranged between 30.4 (S10)
and 33.5 (S12) on the first scan and between 30.2 (S10)
and 33.1 (S12) on the second scan. The ICP showed a
lower mean vessel density than the SVP, ranging from
20.9 (S7) to 24.7 (S4) on the first scan and from 21.2 (S7)
to 24.9 (S3 and S4) on the second scan. The mean vessel
density of the DCP ranged between 23.5 (S8) and 27.6
(S4) on the first scan. The second scan of the DCP showed
a mean vessel density between 23.6 (S8) and 27.6 (S4). No
statistically significant differences in the vessel densities
of S1-S12 between the first and the second scan were ob-
served for the SVP, ICP, and DCP, respectively (p > 0.05).

The CVs of the SVP, ICP, and DCP can be seen in
Table 1. No statistically significant difference was ob-
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served between CVs of the first and the second run for the
SVP, ICP, and DCP (p > 0.05). Bland-Altman plots rep-
resent the good reliability of the two scans of each sector
(S1-S12) in the SVP, ICP, and DCP (Fig. 3). Testing re-
producibility, no statistically significantly different secto-
rial CVs of the SVP, ICP, and DCP were observed (p >
0.05). The CVs of each sectorial analysis can be seen in
Table 2 for each vascular layer.

A subgroup analysis considering myopia (defined as a
spherical equivalent >-1.0 D) yielded no statistically sig-
nificant difference in the CVs of the SVP, ICP, and DCP,
respectively (p > 0.05). Additionally, no statistically sig-
nificant differences were observed between the gradings
of the two different readers of the vessel densities of the
SVP, ICP, and DCP (p > 0.05).

Reliability of FAZ Measurements

The mean areas of the FAZ on the first and the second
scan can be seen in Table 3. No statistically significant dif-
ference was observed between the repeated scans of the
FAZ in the SVP, ICP, and DCP, respectively (p > 0.05).

The CVs of the first and the second OCT-A run did
not differ significantly (p > 0.05; Table 3). Additionally,
good consistency of the first and the second scan can be
seen in the Bland- Altman plots of the SVP, ICP, and DCP
(Fig. 4). No statistically significant inter-reader differenc-
es were observed for the FAZ of the SVP, ICP, and DCP,
respectively (p > 0.05).

Power Analysis

An average power of 6% (ICP), 5% (SVP), and 5%
(DCP) was observed, respectively. The FAZ yielded an
average power of 5% (SVP), 6% (ICP), and 6% (DCP).
This means that we had a 5-6% chance to retrieve a sta-
tistically significant difference (a p value <0.05) between
the two measurements.

Discussion

OCT-A, a technical extension of OCT, is a noninva-
sive imaging technique based on the motion contrast of
moving blood cells’ signal amplitude between two repeat-
ed scans of the same retinal region. As a new essential
part of morphological diagnostics, this technique enables
novel diagnostic possibilities and insights into the cho-
rioretinal vasculature. En face OCT-A scans with Spec-
tralis II OCT allow visualization of the vasculature in all
retinal layers. This technique, in combination with the
semiautomated vessel density software EA-Tool, showed
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Table 1. Mean vessel density and CV of the first and the second scan, as well as the AD, of the superficial vascular plexus, intermediate
capillary plexus, and deep capillary plexus of all probands, subdivided into 12 sectors (S1-S12)

Vessel density AD

scan 1 scan 2 mean * SD

mean + SD (min.-max.) CV mean + SD (min.-max.) CcvV
Superficial vascular plexus
S1 32.8+3.2 (24.9-37.7) 16.7 32.7+3.5(20.7-36.9) 16.8 0.5+0.6
S2 32.6+3.1 (25.1-38.8) 16.2 32.9+2.8 (24.5-37.4) 16.2 0.6+0.5
S3 32.4+2.8 (23.4-36.1) 11.1 32.7£1.9 (26.8-36) 11.5 0.7+£0.7
S4 32.9+2.4 (27.4-36.7) 19.1 33.2+2.5(26.5-37.2) 19.2 0.4+0.5
S5 32.7+3.6 (20.8-36.7) 16.8 33+2.3 (26-35.5) 16.6 0.5+0.4
S6 32.8+4.3 (18.8-37.6) 18.1 33.3+2.8 (25.2-37.6) 18.7 0.1+0.3
S7 32.5+4.3 (20.4-37.8) 20.2 32.4+4.5 (18.3-37) 20.7 0.4+0.3
S8 31.9+4.2 (22-36.8) 22.7 32.2+3.5 (20.5-37.3) 22.4 0.7+0.7
S9 30.6+4.6 (15.8-35.7) 20.0 31.1+3.7 (17.8-36.1) 20.2 0.1+0
S10 30.4+3.2 (23.9-34.1) 19.9 30.2+3.2 (24.6-35.5) 19.8 0£0.1
S11 32.4+2.1 (27.3-35.1) 13.5 32.1+3.1 (23.6-35.5) 13.9 0.2+0.2
S12 33.5+3 (26.9-38.3) 15.0 33.1+4.1 (22.2-38.9) 15.2 0.5+£0.5
Intermediate capillary plexus
S1 23+2.9 (17.9-28.1) 12.3 23+3.1 (15.6-28.2) 12.6 0.1+£0.2
S2 23.1+3 (16.2-27.3) 12.9 23.242.5(16.7-26.7) 13.0 0.4+0.5
S3 24.5+3.3 (16.1-30.5) 13.3 24.942.5(17.1-29.2) 13.1 0.2+£0.2
S4 24.7+2.8 (18.1-30.6) 16.5 24.942.9 (15.9-29.5) 17.0 0.3+0.2
S5 22.5+3.5(12.2-30.2) 15.4 22.743.1 (14.5-28.7) 15.6 0.3+0.1
S6 21.1+4.5 (8.1-29.6) 17.6 21.3£3.2 (15.6-27.1) 18.1 0.3+£0.1
S7 20.9+3.8 (11.9-27.2) 19.9 21.243.6 (12.7-26.5) 20.0 0.4+0.3
S8 21.4+4.2 (12.4-26.1) 19.7 21.74£3.4 (15-26.7) 19.9 0.3+0.3
S9 22.8+4 (10.6-29.2) 13.0 23.14+3.3 (14.4-28) 12.8 0.3£0.4
S10 23.6+3.3 (13.7-28.5) 14.5 23.3+3.3 (14.6-27.8) 14.2 0.2+0.3
S11 23.1+2.8 (16.5-27.3) 12.3 22.943 (16.5-27.6) 12.7 0.3+£0.2
S12 23+2.8 (18.5-28) 12.9 22.7+3.5(13.3-27.6) 13.6 0.4£0.5
Deep capillary plexus
S1 25.8+3.2 (17.9-33.3) 13.2 25.9+3.4 (16.7-31.5) 13.0 0.1£0.2
S2 25.5+3.5 (15.7-31.7) 12.7 26.2+2.7 (20.8-33.9) 12.6 0.7+0.8
S3 27.3%3.8 (16-32) 12.2 27.5%2.6 (21.2-32.7) 11.8 0.2+0.1
S4 27.6£3 (18.2-31.5) 17.8 27.612.9 (19.2-32) 17.6 0.1£0.1
S5 25.4+4 (9.4-29.5) 14.6 25.5+3.4 (17.8-30.7) 15.1 0.1+0
S6 24.8+4.6 (8.4-29.6) 17.3 24.7+4.1 (17.1-31.3) 17.8 0.2+0.4
S7 24.1+4.4 (12.8-30.5) 21.3 24.1+4.6 (12.6-32.6) 21.6 0+0.3
S8 23.5+4.9 (10.4-30) 21.1 23.6+3.6 (15.8-28.3) 21.1 0.1+0.1
S9 24.4+5.1 (8.4-29.8) 15.2 24.9+3.3 (17.3-30) 15.5 0.5£0.5
S10 24.9+3.2 (15.7-29.2) 14.2 24.9+2.9 (16.5-28.9) 14.3 0£0.1
S11 25.3+2.9 (17.3-30.9) 13.2 25.2+2.8 (19.3-30.8) 13.3 0.1+0.1
S12 26.1+3.5 (17.2-33.7) 13.5 26.0+3.8 (15.2-32.6) 14.1 0.1+0.1

AD, absolute difference between the first and the second scan; CV, coefficient of variation.

good or even excellent ICCs in 75% of all segments of the
SVP, ICP, and DCP, respectively. Additionally, the ICCs
for the FAZ area in the SVP, ICP, and DCP were excel-
lent.

Spectralis IT OCT employs a probabilistic full-spec-
trum amplitude decorrelation algorithm (FSADA). The

Measurement of Retinal Macular
Microvasculature with Spectralis II

FSADA scales the signal-to-noise ratio down in favor of
a higher axial resolution [2]. In contrast, the split-spec-
trum amplitude decorrelation algorithm emphasizes
noise reduction and imaging of smaller vascular entities,
but the axial resolution is lower. This antidromic para-
digm of signal to noise leads to different data with each
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Fig. 3. Bland-Altman plots of the first and the second scan of each sector (S1-S12) of the superficial vascular
plexus (SVP; a), intermediate capillary plexus (ICP; b), and deep capillary plexus (DCP; c).

algorithm. Using the FSADA, Spectralis Il OCT shows an
axial resolution of 3.9 um/pixel, enabling precise separa-
tion of the distinct vascular layers without projection ar-
tifacts in the underlying retinochoroidal layers. The in-
triguing resolution of OCT-A imaging correlates well
with the histological pattern. This fact allows precise in
vivo analysis of the retinochoroidal vasculature. Up to
now, several studies have investigated vascular altera-
tions in disease (e.g., glaucoma, diabetic retinopathy, and
age-related macular degeneration) [13-20]. However, it
is important to know the “normal” physiology and anat-
omy in healthy subjects, as well as the reliability of the
methods (i.e., en face OCT-A and analysis software), be-
fore transferring the technique to pathophysiological
alterations.

Currently, there is only 1 study that investigated the
reliability of measurement of two macular vascular lay-
ers (the SVP and the DCP) and FAZ characteristics of

6 Ophthalmologica
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(Figure continued on next pages.)

Spectralis II OCT-A with a custom-made analysis soft-
ware. Lupidi et al. [8] reported a mean vessel density of
27.84 + 1.93 (present study: 32.28 + 3) for the SVP and
27.69 + 2.23 (present study: 25.40 + 3.0) for the DCP.
No data on the mean vessel density were provided for
the ICP. The FAZ areas of the two layers in the previous
study were 0.28 + 0.11 mm? (SVP) and 0.30 + 0.10 mm?
(DCP), differing from our values (0.43 + 0.16 mm?
[SVP], 0.28 + 0.1 mm? [ICP], and 0.44 + 0.12 mm?
[DCP]). These discrepancies might be due to different
implemented analysis algorithms and software updates
like projection artifact removal (PAR). Additionally, Lu-
pidi et al. [8] calculated coefficients of repeatability and
reproducibility to demonstrate the reliability of their
method; thus, a direct comparison is not possible. The
latest software version of Spectralis I uses the PAR tool,
eliminating blood movement artifacts from overlying
layers. This PAR tool enables an even more distinct look
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at deeper layers (e.g., the ICP and DCP) [21]. Addition-
ally, the TruTrack Active Eye Tracking technology,
tracking eye movements and attenuating movement-
based artifacts, allows for high-quality retinal imaging
even with eye movements. Further evidence for the dif-
ferent data between the two studies might be seen in the
ROI, which was larger in our study (i.e., macula, 6.10
mm?) than in the study by Lupidi et al. [8] (2.86 mm?),
and we had a more detailed B-scan thickness (5.7 vs. 11
pm).

Furthermore, the semiautomated vessel density soft-
ware EA-Tool uses custom-built filters, improving the
quality of each scan and reducing noise (Fig. 1). In a first
step, the images were convolved with Frangi’s vesselness
filter, an image processing technique originally developed
for angiogram segmentation. It calculates vesselness fea-
tures for each pixel based on the eigenvalues of the Hes-
sian matrix with consecutive enhancement of the vessel
structures of the image. Additionally, it is relatively insen-
sitive to background noise [10]. Therefore, it can improve
subsequent binarization. In order to binarize the images,

Measurement of Retinal Macular
Microvasculature with Spectralis II

the Otsu thresholding algorithm was used. This algo-
rithm calculates the optimum threshold based on a statis-
tical analysis of a bimodal histogram. It assumes that the
image contains two classes: background and foreground
pixels (in our case, tissue pixels and vessel pixels) [11].
This leads to a reliable and comparable binary picture,
which then undergoes further calculations (e.g., FAZ
measurements and vessel density).

Lupidi et al. [8] calculated coefficients of repeatability
and reproducibility to demonstrate the reliability of their
method. Our study, in contrast, used ICCs, which also
showed excellent results.

Quantification of en face OCT-A images is important
in everyday clinical life and for research issues. Even small
pathological alterations of the retinal vasculature can
have a strong influence on patients’ vision. Implementa-
tion of the EA-Tool yielded a high spatial resolution of
vessel density and FAZ characteristics of the three main
vascular layers of the macula.

Our study is not without limitations. The proband
group was not very large and their mean age was young
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Table 2. Reproducibility of vessel density measurements of one scan evaluated two times: coefficient of variation of the first and the sec-

ond evaluation of all vessel density values for the three vascular layers

Sector SVP ICP DCP
1st evaluation 2nd evaluation 1st evaluation 2nd evaluation 1st evaluation  2nd evaluation

S1 16.7 16.8 12.3 12.6 13.2 13.0
S2 16.2 16.2 12.9 13.0 12.7 12.6
S3 11.1 11.5 13.3 13.1 12.2 11.8
S4 19.1 19.2 16.5 17.0 17.8 17.6
S5 16.8 16.6 154 15.6 14.6 15.1
S6 18.1 18.7 17.6 18.1 17.3 17.8
S7 20.2 20.7 19.9 20.2 21.3 21.6
S8 22.7 22.4 19.7 19.9 21.1 21.1
S9 20.0 20.2 13.0 12.8 15.2 15.5
S10 19.9 19.8 14.5 14.2 14.2 14.3
S11 13.5 13.9 12.3 12.7 13.2 13.3
S12 15.0 15.2 12.9 13.6 13.5 14.1

SVP, superficial vascular plexus; ICP, intermediate capillary plexus; DCP, deep capillary plexus.
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Table 3. Foveal avascular zone size and CV of the first and the second scan, as well as AD, of all probands for the three vascular layers

Foveal avascular zone AD

scan 1 scan 2 mean = SD

mean * SD (min.-max.) (0% mean *+ SD (min.-max.) (0%
SVP 0.42+0.23 (0.19-0.8) 38.5 0.43+0.19 (0.21-0.84) 41.3 0.02+0.02
ICP 0.28+0.1 (0.1-0.5) 37.0 0.27+0.11 (0.08-0.5) 38.1 0.01£0.01
DCP 0.44+0.12 (0.22-0.66) 27.9 0.43+0.12 (0.22-0.68) 27.9 0.05+0.04

AD, absolute difference between the first and the second scan; CV, coefficient of variation; SVP, superficial vascular plexus; ICP,

intermediate capillary plexus; DCP, deep capillary plexus.
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Fig. 4. Bland-Altman plots of the first and the second scan of the foveal avascular zone in the superficial vascular
plexus (a), intermediate capillary plexus (b), and deep capillary plexus (c).

at a mean of 26.8 + 6 years. Thus, all probands had good
fixation as a basis for the OCT-A measurements. Yet,
scanning the macular or papillary microcirculation might
be more difficult in elderly or even diseased people. The
data from the present study cannot be seen as “general”
normal values for OCT-A measurements. Additionally,
studies are necessary to investigate any effects of age on
retinal microcirculation in the SVP, ICP, and DCP. Ad-
juvant studies might investigate inter-visit reliability of
Spectralis I OCT-A and EA-Tool measurements consid-
ering the circadian rhythm.

Conclusions

The reliability of measurements with en face
Spectralis IT OCT-A in combination with the EA-Tool
software was good or even excellent with regard to in-
tra-visit analysis of SVP, ICP, and DCP as well as FAZ
characteristics. The EA-Tool can be used as analysis

Measurement of Retinal Macular
Microvasculature with Spectralis II

software for subsequent study of the healthy or dis-
eased macular vasculature for clinical use or research
purposes.
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