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Abstract

Aim: To determine the minimum number of optical coherence tomography B-scan corrections
required to provide acceptable vessel density measurements on optical coherence
tomography angiography images in eyes with diabetic macular edema.

Methods: In this prospective, noninterventional case series, the optical coherence tomography
angiography images of eyes with center-involving diabetic macular edema were assessed. Optical
coherence tomography angiography imaging was performed using RTVue Avanti spectral-domain
optical coherence tomography system with the AngioVue software (V.2017.1.0.151; Optovue,
Fremont, CA, USA). Segmentation error was recorded and manually corrected in the inner

retinal layers in the central foveal, 100th and 200th optical coherence tomography B-scans. The
segmentation error correction was then continued until all optical coherence tomography B-scans in
whole en face image were corrected. At each step, the manual correction of each optical coherence
tomography B-scan was propagated to whole image. The vessel density and retinal thickness were
recorded at baseline and after each optical coherence tomography B-scan correction.

Results: A total of 36 eyes of 26 patients were included. To achieve full segmentation error
correction in whole en face image, an average of 1.72 £ 1.81 and 5.57 = 3.87 B-scans was
corrected in inner plexiform layer and outer plexiform layer, respectively. The change in the
vessel density measurements after complete segmentation error correction was statistically
significant after inner plexiform layer correction. However, no statistically significant change

in vessel density was found after manual correction of the outer plexiform layer. The vessel
density measurements were statistically significantly different after single central foveal B-scan
correction of inner plexiform layer compared with the baseline measurements (p = 0.03);
however, it remained unchanged after further segmentation corrections of inner plexiform layer.
Conclusion: Multiple optical coherence tomography B-scans should be manually corrected

to address segmentation error in whole images of en face optical coherence tomography
angiography in eyes with diabetic macular edema. Correction of central foveal B-scan provides the
most significant change in vessel density measurements in eyes with diabetic macular edema. Gorrespondence to
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OCTA images are created by analyzing the differ-
ence between sequential OCT B-scans. Correct
identification of the retinal and choroidal layers is
essential in providing accurate measurements.
Several studies have shown that misidentification of
the retinal layers, also known as segmentation error,
is a major source of error in OCT measurements.>7
Although previous studies have reported different
types of artifacts in OCTA images,®12 limited stud-
ies have shown the impact of segmentation error on
OCTA quantitative measurements.!14 Qur group
has shown that segmentation error and consequent
vessel density (VD) measurement error occurred in
all eyes with diabetic macular edema (DME), and
in one-third of healthy eyes.!? Therefore, manual
correction of segmentation error is a crucial part of
OCTA imaging studies.

Manual correction of all segmentation errors in
an OCTA image is a difficult and time-consum-
ing procedure. For example, a skilled technician
should correct around 300 OCT B-scans for a
single image of a patient with DME. Recent
advances in OCTA software allow automated
propagation of manual segmentation correction
of an OCT B-scan to adjacent B-scans. The aim
of this study was to evaluate the impact of manual
correction of segmentation error on OCTA met-
rics in eyes with DME and to determine the mini-
mum required OCT B-scan corrections to provide
acceptable VD measurements.

Methods

This study was a prospective, noninterventional
case series on patients with center-involving
DME, who underwent OCTA. The study was
approved by the Iran University of Medical
Sciences Ethics Committee and adhered to the
tenets of Declaration of Helsinki. Eyes with any
ocular pathology other than diabetic retinopathy
such as vitreomacular interface abnormalities
(except for mild epiretinal membrane), and cho-
roidal neovascularization were excluded. Eyes
with spherical equivalent refraction of more than
3.5 diopters of myopia or hyperopia were
excluded.

OCTA imaging was performed using RTVue
Avanti spectral-domain OCT system with the
AngioVue software (V.2017.1.0.151; Optovue,
Fremont, CA, USA). En face 3 X 3 OCTA images
were acquired from the fovea. Images with a scan
quality of <5 and those with motion artifact were
excluded.

The superficial capillary plexus (SCP) and deep
capillary plexus (DCP) en face images were auto-
matically segmented by the device software. SCP
was segmented with an inner boundary set at the
internal limiting membrane (ILM) and an outer
boundary set at 9 um above the inner plexiform
layer (IPL). The DCP en face image was seg-
mented with an inner boundary 9 um above the
IPL and an outer boundary at 9um below the
outer plexiform layer (OPL). The vascular density
of the fovea (central 1 mm of the Early Treatment
Diabetic Retinopathy Study (ETDRS) grid) and
parafovea (500-1500 um from the foveal center),
in the SCP and DCP, that was automatically gen-
erated by the instrument, was recorded. Also, the
central subfield thickness, the superficial inner
retinal thickness in the central subfield (ILM to
9um above the IPL), and the deep inner retinal
thickness in the central subfield (9 um above the
IPL to 9 um below the OPL) were recorded. The
method of segmentation correction was described
elsewhere.!?> One expert graders (S.G.) evaluated
the segmentation lines of the SCP and DCP
(ILM, IPL, OPL, and retinal pigment epithelium
(RPE)) in the registered horizontal OCT B-scan,
respectively, and recorded the number of B-scans
with segmentation error in each layer in the whole
image, between the 100th and 200th, 0-100th
and 200-304th B-scans. If the segmentation lines
were not correctly aligned according to the param-
eters defined above, the ‘Edit Bnd/Propagation’
tool on the device software was used for manual
correction. This tool automatically applies the
manually corrected segmentation to the registered
OCT B-scan and propagates the correction to the
adjacent B-scans. The segmentation correction
was started from inner layers (ILM to OPL) on a
single B-scan in the central fovea, and propagation
function was used to automatically spread the cor-
rection to other B-scans in the whole image. Then,
the upper and lower OCT B-scans were reviewed
to find any uncorrected segmentation error.
Segmentation corrections were continued by the
graders for the 200th and 100th OCT B-scans,
respectively, and then throughout other OCT
B-scans, if necessary, until all OCT B-scans were
corrected in the whole image (Figure 1). In some
eyes, the segmentation error in OPL could not be
completely corrected and further correction
resulted in more segmentation error in other
B-scans. Therefore, full correction was considered
when the final segmentation correction of OPL
was successful in =95% of B-scans. OCTA images
with final segmentation correction of OPL <95%
were excluded. The VDs in the SCP and DCP,
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Figure 1. En face optical coherence tomography angiography (OCTA], OCTA B-scan, and vessel density image of a patient with
diabetic macular edema before [(a-c) for superficial capillary plexus and (g-i) for deep capillary plexus] and after [(d-f) for superficial
capillary plexus and (j-l] for deep capillary plexus] segmentation error correction at the level of inner plexiform layer. The double
arrow line shows the location of the corresponding OCT B-scan at the foveal center. Upper and lower dashed lines show 100th and

200th OCT B-scan locations.

and retinal thicknesses were recorded before and
after each segmentation error correction by first
grader. The segmentation boundaries were evalu-
ated separately by a senior grader (R.M.) and any
discrepancy was resolved by open discussion.

The data were entered using a SPSS software
(V.15.0. SPSS Inc, Chicago, IL, USA). The
changes were calculated by subtracting the post-
error correction values from the baseline measure-
ments and the absolute changes were calculated by
ignoring the negative signs, to determine the actual
magnitude of the changes without regard to their
signs. DME was categorized based on the OCT
patterns into the four groups: diffuse macular
edema, diffuse macular edema with cystoids
changes, diffuse macular edema with subretinal
fluid, and diffuse macular edema with cystoids
spaces and subretinal fluid.!> Mixed model and
repeated measures analyses were used. Considering
inclusion of bilateral cases, inter-eye correlation

was considered in the analysis. Post hoc analysis
was performed using least significant difference
test. A p<0.05 was considered statistically
significant.

Results

Thirty-six eyes of 26 patients with center-involv-
ing DME with a mean = standard deviation (SD)
age of 57.64 *+10.24 were included. Regarding
the pattern of macular edema, 55.6% (20 eyes)
had diffuse edema with cystic changes, 36.1% (13
eyes) had diffuse edema with cysts and subretinal
fluid, 5.6% (2 eyes) had diffuse edema alone, and
1 eye (2.7%) had diffuse edema with subretinal
fluid. Mean central subfield thickness of retina
was 578.17 = 156.75 um.

There was no segmentation error at the RPE and
ILM in any of eyes. At baseline, the automated seg-
mentation of IPL and OPL layers was correct in 7
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Table 1. Number of Eyes With At Least One OCT B-Scan Segmentation Error and the Percentages of OCT

B-Scans With Segmentation Error at Baseline.

Layer

Number of eyes (%) with
segmentation error

% of B-scans with
segmentation error

IPL in whole image 29 (80.6%) 49.74 + 38.99
IPL at the foveal center B-scan 25 (69.4%) NA

IPL between 100th to 200th B-scan 29 (80.6%) 65.47 + 39.30
IPL between Oth and 100th B-scan 18 (50%) 42.25 = 47.32
IPL between 200th and 304th B-scan 21 (58.3%]) 41.50 = 45.82
OPL in whole image 34 (94.4%) 4931 + 27.39
OPL at the foveal center B-scan 31(86.1%) NA

OPL between 100th and 200th B-scan 34 (94.4%) 78.25 + 30.18
OPL between Oth and 100th B-scan 25 (69.4%) 32.17 + 35.44
OPL between 200th and 304th B-scan 26 (72.2%) 37.53 + 36.31

IPL, inner plexiform layer; NA, not applicable; OPL, outer plexiform layer.

(19.4%) and 2 (5.6%) eyes, respectively. However,
correct automated segmentation of both IPL and
OPL layers was found in only one eye (2.7%).

Mean number of OCT B-scans that needed
correction to achieve correct segmentation in
whole image was 1.72+1.81 (range: 0-7) and
5.57+3.87 (range: 0-18) for IPL and OPL,
respectively. Table 1 shows the number of eyes
with segmentation error at different OCT B-scans.
The main location for segmentation error was
fovea (between 100th and 200th B-scans).

After correction and propagation of the IPL seg-
mentation error at the single central foveal B-scan,
the IPL was corrected automatically at all other
OCT B-scans in 17 (58.6%) of 29 eyes that
needed IPL correction. In remaining 12 eyes,
additional correction was needed at 100th B-scans
(two eyes) and 200th B-scan (three eyes) and
other B-scans (12 eyes). After correction and
propagation of the OPL segmentation error at the
single central foveal B-scan, OPL was completely
corrected in whole image in only two eyes (5.8%)
of 35 eyes that needed OPL correction. Sixteen
eyes (44.4%) and 17 eyes (47.2%) needed OPL
correction at 200th and 100th B-scan, respec-
tively; however, 30 of 35 eyes (85.7%) needed fur-
ther corrections in other B-scans as well.

The mean absolute change in VD after complete
segmentation error correction was 1.31 =1.69%
(range: 0-6.2%) and 3.00*4.06% (range:
0-15.8%) for SCP and DCP, respectively. A
change in VD of more than 4.5% was found in 11
eyes (30.5%). In repeated measures analysis, the
changes in whole image VD at SCP was not sta-
tistically significantly different during different
stages of segmentation correction at IPL and
OPL layers (p=0.2 and p=0.3, respectively).
However, there was a statistically significant dif-
ference in foveal VD at SCP after IPL correction
(p=0.001). The changes in whole image VD
measured at DCP was statistically significantly
different after correction of IPL (p=0.001). In
post hoc analysis, the VD at DCP was statistically
significantly different after single foveal B-scan
correction of IPL compared with the baseline
measurements (p=0.03); however, it remained
statistically unchanged after further segmentation
corrections of IPL. Foveal VD measurement
changes at DCP were not significantly different
(p = 0.54); however, the parafoveal VD measure-
ments at the DCP were statistically significantly
different after IPL correction (p=0.01). The
changes in VD of DCP after correction of OPL
were not statistically significant (p=0.51). The
details of VD measurements are presented in
Table 2.
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The mean superficial inner retinal thickness at the
central subfield was 98.14 * 86.62 um at baseline
and 64.03 = 17.49 um after final correction of IPL.
(p=0.011). There was a statistically significant
difference after single foveal correction of IPL
(65.36 £17.29 um, p=0.02). No statistically sig-
nificant change was found after correction of IPL
at 200th and 100th B-scan (p = 0.423 and p = 0.334,
respectively). The mean deep inner retinal thick-
ness was 140.44+92.66um at baseline and
148.78 = 106.01 um after final OPL correction
(p=0.33).

Discussion

In this study, automated segmentation of the
OCTA software failed to properly segment the
boundaries of the inner retinal layers in 97% of
eyes with DME and manual correction of the seg-
mentation error resulted in significant change in
VD measurements. After segmentation error cor-
rection, a change in VD of >4.5%, which is con-
sidered clinically important,!¢ was found in 30%
of eyes. Our results are in line with previous stud-
ies that showed that manual correction of seg-
mentation error significantly impacts the OCTA
derived measurements.!314

Misidentification of retinal boundaries is a com-
mon finding in OCT images obtained from
healthy and pathologic eyes and the impact of
segmentation error correction has already been
shown for retinal thickness measurements.%!7
However, manual delineation of retinal bounda-
ries on all OCT B-scans that comprise the volume
dataset is time-consuming and not feasible in a
clinical settings.!® Previous studies have shown
that B-scan density can be reduced in volume
OCT acquisitions with minimal change in retinal
thickness measurements.!®2! In these studies,
retinal thickness maps were generated using less
dense subsets of scans by removing other B-scans.
To our knowledge, no study investigated the min-
imum number of OCT B-scans that should be
corrected without removing other B-scans to pro-
duce similar thickness map in eyes with segmen-
tation errors. OCTA software utilizes the OCT
datato provide the angiographic image. Therefore,
it is rational to investigate the minimum number
of OCT B-scans that need manual correction of
the segmentation.

This study shows that OPL needs more attempts
for segmentation correction (meanof5.57 * 3.87/
eye) than IPL (mean of 1.72 * 1.81/eye) to

achieve correct segmentation in whole image.
Segmentation error occurred mainly in the fovea
(between B-scans number 100 and 200). After
manual correction of the foveal central B-scan
and propagation to whole image, additional
B-scan corrections were needed in other parts of
the image in 41% of eyes for IPL and 94% of eyes
for OPL. These rates remained nearly the same
after manual correction and propagation of the
B-scans number 100 and 200. The change in VD
measurements was statistically significant after
IPL correction; however, no statistically signifi-
cant change was found after OPL correction.
Interestingly, maximum change in VD measure-
ments occurred after first IPL correction (i.e. at
the foveal center), and then remained stable. The
retinal thickness measurement changes followed
the same pattern after segmentation error correc-
tion. If confirmed in future larger studies, it may
be concluded that by IPL correction at the foveal
center, valid VD measurements are obtained for
clinical use. However, the segmentation error
should be fully corrected in clinical trials when
the OCTA metrics are main outcome measures.

This study has some limitations. The sample size
is small and there is no control group of healthy
eyes and eyes with other retinal and choroidal
pathologies. However, in our previous study, the
rate of segmentation error and the changes in VD
measurements after manual correction was negli-
gible; therefore, we did not include healthy eyes
in this study.!? Also, in some eyes, the segmenta-
tion correction could not be completed in all
B-scans at the level of OPL. Therefore, we con-
sidered a cut-off of at least 95% of final correct
segmentation. In addition, this study was per-
formed with a single device and its specific soft-
ware (AngioVue). Other devices may be different
based on their segmentation and propagation
algorithm. Despite these imitations, our study
shows that misidentification of retinal layers is a
frequent artifact in macular OCTA images of
patients with DME leading to significant error in
VD measurements. Manual correction of seg-
mentation of the retinal boundaries should be
performed prior to extraction and analysis of
OCTA metrics. Further studies with larger sam-
ple size and control group of patients with differ-
ent retinochoroidal pathologies are warranted.

Conclusion
Propagation and correction of segmentation error
in central foveal B-scan of OCTA images of patients
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with DME seems to be sufficient in daily clinical
practice to obtain valid VD measurements.
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