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Purpose: To determine the influence of volume averaging on retinal layer thickness
measures acquired with spectral-domain optical coherence tomography (SD-OCT) in
children.

Methods: Macular SD-OCT images were acquired using three different volume
settings (i.e., 1, 3, and 9 volumes) in children enrolled in a prospective OCT study. Total
retinal thickness and five inner layers were measured around an Early Treatment
Diabetic Retinopathy Scale (ETDRS) grid using beta version automated segmentation
software for the Spectralis. The magnitude of manual segmentation required to
correct the automated segmentation was classified as either minor (,12 lines
adjusted), moderate (.12 and ,25 lines adjusted), severe (.26 and ,48 lines
adjusted), or fail (.48 lines adjusted or could not adjust due to poor image quality).
The frequency of each edit classification was assessed for each volume setting.
Thickness, paired difference, and 95% limits of agreement of each anatomic quadrant
were compared across volume density.

Results: Seventy-five subjects (median age 11.8 years, range 4.3–18.5 years)
contributed 75 eyes. Less than 5% of the 9- and 3-volume scans required more
than minor manual segmentation corrections, compared with 71% of 1-volume scans.
The inner (3 mm) region demonstrated similar measures across all layers, regardless of
volume number. The 1-volume scans demonstrated greater variability of the retinal
nerve fiber layer (RNLF) thickness, compared with the other volumes in the outer (6
mm) region.

Conclusions: In children, volume averaging of SD-OCT acquisitions reduce retinal
layer segmentation errors.

Translational Relevance: This study highlights the importance of volume averaging
when acquiring macula volumes intended for multilayer segmentation.

Introduction

Spectral-domain optical coherence tomography
(SD-OCT) now provides excellent visualization of
all retinal layers compared with previous generations
of OCT devices (i.e., time-domain). Beyond the
improved resolution, many SD-OCT devices use eye
tracking technology to reduce image artifacts due to
eye movements and inconsistent fixation.1 These
improvements now permit segmentation and quanti-
tative measurement of discrete retinal layers using
manufacturer supplied and/or custom designed seg-
mentation software.2–5 Research on glaucomatous
and nonglaucomatous optic neuropathies has dem-

onstrated that multilayer retinal segmentation of the
macula can be informative.6–12

Despite the advances in SD-OCT hardware and
software, imaging pediatric patients remains challeng-
ing as their inconsistent cooperation and inability to
hold fixation may reduce the operator’s ability to
acquire images of sufficient quality necessary for
macular segmentation. Although a number of inves-
tigators have acquired total retinal thickness (TRT)
measures in children,13–15 multilayer retinal segmen-
tation across an entire volume has not been reported.
Given the difficulties with children’s cooperation and
fixation, the time it takes to acquire a high quality
SD-OCT macula volume void of artifacts must be
considered. There is debate whether volume averaging
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decreases the variability of circumpapillary RNFL
measures in adults.16,17 Multilayer segmentation of
the macula is more challenging due to the varying
signal intensities of each layer and less clearly defined
borders between layers.

In this study, we investigated how volume averag-
ing influenced the frequency and magnitude of
macula segmentations errors from SD-OCT per-
formed in children.

Methods

Subjects

Children undergoing SD-OCT as part of their
clinical evaluation in the Neuro-Ophthalmology clinic
at Children’s National Medical Center, Washington,
DC; between January 2013 and June 2015 were eligible
for study inclusion. All subjects underwent compre-
hensive neuro-ophthalmic eye examinations as part of
their clinical care. Subjects were included if they met all
of the following criteria: (1) able to perform quantita-
tive visual acuity testing, (2) absence of anterior
segment abnormalities that would produce SD-OCT
artifacts, (3) acquisition of SD-OCT macular volume
scans with automatic real-time (ART) settings of 1, 3,
and 9, (4) scan signal strength greater than 20 dB for all
images, and (5) acquisition of the entire image volume
without appreciable movement or acquisition artifact.
Clinical and demographic characteristics were abstract-
ed from the subject’s clinical record. Subjects were
classified as having abnormal vision if their visual
acuity was greater than or equal to 0.2 logMAR above
normal for age or had visual field loss.

The study adhered to the tenets of the Declaration
of Helsinki and was approved by the institutional
review board at Children’s National Medical Center.
Informed consent was obtained from the parent/legal
guardian. All data collected was Health Insurance
Portability and Accountability Act compliant.

Image Acquisition and Segmentation

SD-OCT volume scans were obtained for all
subjects using the Spectralis Nsite Analytics (V.
5.6.3.0) software with the TruTrack eye tracking
technology (Heidelberg Engineering GmbH, Heidel-
berg, Germany). Each subject contributed only one
study eye. All scans, regardless of the number of
volumes (i.e., ART settings of 1, 3, and 9), were
acquired in high-speed mode utilizing 768 a-scans per
b-scan, over a 9.2 3 7.6 mm (308 3 258) region,
centered on the fovea. Sixty-one horizontal b-scans

were acquired in each volume producing a 120 lm gap
between b-scans. Once all scans were captured from
both eyes, they were immediately reviewed by a single
operator (CTH) to ensure they were void of any
imaging artifacts. Scans with significant mirror or
edge artifacts were discarded and the subject was
rescanned. Any scan with a quality score less than 20
dB was excluded from analysis.

All subjects underwent three different volume
scans, each with an ART mean setting of 1, 3, and
9. The ART mean creates a single image by averaging
multiple b-scans across the frame. Scans with an ART
of 1 acquire a single b-scan at 61 sections across the
volume. Scans with ART settings of 3 or 9 would
acquire each horizontal b-scan multiple times (i.e., 3
or 9) over the frame and average them together. As
the ART increases, the image noise is reduced
resulting in higher quality images (Fig. 1).

Scans that qualified for analysis were processed
using beta version segmentation software supplied by
the manufacturer. This software uses a proprietary
algorithm to automatically segment the different layers
of the retina including the retinal nerve fiber layer
(RNFL), ganglion cell layer (GCL), inner and outer
plexiform layers (IPL/OPL), inner and outer nuclear
layers (INL/ONL), and outer retinal layers including
the RPE and Bruch’s complex (Fig. 2). Each of the 61
b-scan frames of the volume were reviewed for
segmentation errors by one reviewer (KV) who was
blinded to all clinical information. If the layer was
segmented incorrectly (Fig. 3), the reviewer manually
adjusted the segmentation. After all segmentation
errors were corrected, the individual layer thickness
measures were calculated for the anatomic quadrants
(superior, inferior, nasal, and temporal) of the inner (3
mm) and outer (6 mm) regions of the Early Treatment
Diabetic Retinopathy Study (ETDRS) grid. Quadrants
with clipping artifact involving more than one b-scan
were eliminated from the analysis.

The magnitude of manual segmentation required
to correct the automated segmentation was classified
as either minor (,12 segmentation lines adjusted, see
Fig. 4), moderate (.12 and ,25 lines adjusted),
severe (.26 and ,48 lines adjusted), or fail (.48 lines
adjusted or could not discriminate the layers due to
low quality sections). The frequency of each edit
classification was assessed for each volume density.

Statistics

Standard descriptive statistics were used to sum-
marize clinical and demographic characteristics.
Thickness, paired difference, and 95% limits of
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agreement of each anatomic quadrant were compared
across volumes. Shapiro-Wilk testing assessed nor-
mality and Wilcoxon rank-sum test was used to
compare the paired differences among volume scans,

adjusting for multiple comparisons (significance
adjusted to P , 0.001). Linear regression models
assess the impact of vision loss on differences between
volume types.

Figure 2. Multilayer retinal segmentation. The RNFL is defined between the borders of the inner limiting membrane (ILM) and GCL; GCL
between the RNFL and IPL; IPL between the GCL and INL; INL between the IPL and OPL; and OPL between the INL and ONL. BM, Bruch’s
membrane.

Figure 1. Representative scans with and without volume averaging. (A) Single volume scan (ART of 1). (B) Scan with three volumes
averaged (ART of 3). (C) Scan with 9 volumes averaged (ART of 9).

3 TVST j 2016 j Vol. 5 j No. 4 j Article 12

Trimboli-Heidler et al.



Results

Seventy-five subjects with a median age of 11.8
years (range 4.3–18.5 years) contributed 75 subject
eyes. A little more than half were female (42/75, 56%)

and most were Caucasian (59/75, 79%) or Black (13/

75, 17%) of non-Hispanic ethnicity (68/75, 91%). Of

subjects, 85% (64/75) had normal visual acuity,

whereas 15% (11/75) had vision loss.

The scan quality score was not significantly

Figure 3. Examples of moderate automated segmentation errors, requiring manual correction, occurring in a single volume (ART of 1)
scan.

Figure 4. Example of an automated segmentation error, requiring a minor amount of manual correction, occurring in a 3-volume (ART
of 3) scan.

4 TVST j 2016 j Vol. 5 j No. 4 j Article 12

Trimboli-Heidler et al.



different between the 1- (33.0 6 3.5), 3- (33.1 6 3.4),
and 9-volume (32.7 6 3.3) scans (Z¼ 0.028, P¼ 0.97;
Z ¼ �0.574, P ¼ 0.56, respectively). Single volume
scans (ART of 1) demonstrated far more failures
classified as moderate and severe using the automat-
ed segmentation (Table 1). Only one (1.3%) of three
volume scans (ART of 3) and none of the 9-volume
scans (ART of 9) had a total failure in segmentation.
Less than 5% of the 9- and 3-volume scans required
more than minor manual segmentation corrections,
compared with 71% of 1-volume scans. Of 13 scans
that failed despite demonstrating good image qual-
ity, only three came from patients with visual acuity
loss, while the other 10 subjects had normal visual
function and structural examinations. Post-hoc
analysis demonstrated that RNFL thickness at any
anatomic quadrant did not influence the magnitude
or rate of algorithm failure (P . 0.05, all compar-
isons). Regression analysis failed to demonstrate a
significant influence of vision loss on the paired
differences across all retinal layers (P . 0.05, all
comparisons).

The mean thickness and mean paired differences,
calculated after the manual corrections were per-
formed, were similar across all layers for both the
inner 3-mm circle (Table 2) and outer 6-mm circle of
the ETDRS grid (Table 3). When comparing volumes
(i.e., 1 vs. 3 volume, and 3 vs. 9 volume), none of the
retinal layers thickness measures or mean paired
differences were statistically different (P . 0.001, all
comparisons). On average, the mean paired difference
was less than 1 micron between volume types. The
95% limits of agreements demonstrated the greatest
amount of variability in the INL and OPL.

Discussion

The resolution and speed of SD-OCT imaging now
permits segmentation and quantitative measurement
of multiple retinal layers. In the current study, we
compared the frequency of automated segmentation
errors between macula SD-OCT scans with and
without volume averaging. Macular volumes without
averaging (i.e., single volume designated by ART
setting of 1) demonstrated the highest frequency of
segmentation errors requiring manual correction.
Once these single volume scans were manually
corrected, some of the results were similar to 3- and
9-volume scans (ART setting of 3 and 9, respectively).
Of our 1-volume scans, 15% failed automated
segmentation completely despite having the appear-
ance of a good acquisition and having an acceptable
image quality score. Volumes with averaging (i.e., 3
and 9) required much less manual correction of the
segmentation results. While the 3- and 9-volume scans
did require some manual adjustments, they tended to
be quite minor.

A majority of previously published studies have
performed either total retinal thickness or isolated
GCL-IPL measures using either automated or
manual segmentation methods.3,6,7,13,14,18–21 Even
though manual segmentation may provide reliable
results, it is time consuming and not practical to
perform during a busy clinic.9,19 When automated
segmentation produces a small number of segmen-
tation errors that need manual correction, some
authors believe doing so is feasible in the clinical
setting.20

Using the same SD-OCT device as in our study,
Waldstein and colleagues20 imaged a 1-mm region
centered over the fovea using raster lines and
discovered that segmentation errors occurred in 48%
of cases. This rate of correction is much lower than
our 1-volume scans, and much higher than our 3- and
9-volume scans. We suspect that differences in scan
acquisition parameters such as b-scan orientation
(i.e., raster versus volume), b-scan number (i.e., 49 vs.
61), and number of a-scans per b-scan (512 vs. 768)
could have contributed to differences in segmentation
errors between studies. On the other hand, the mean
difference and limits of agreements for our TRT
measures were similar to investigators who reported
virtually no segmentation errors when using scans
with lots of averaging (i.e., 10 volumes) in volumes
with fewer (i.e., 25) and greater number of b-scans
(i.e., 49 and 97).22

Table 1. Magnitude and Frequency of Automated
Segmentation Errors Requiring Manual Correction in
Children Undergoing SD-OCT of Different Volumes

Automated Segmentation
Errors

OCT Volumes

9 3 1

Minor 72 71 22
Moderate 3 3 24
Severe 0 0 17
Fail 0 1 12
Total 75 75 75

Minor: ,12 lines adjusted; Moderate: .12 and ,25 lines
adjusted; Severe: .26 and ,48 lines adjusted; Fail: .48
lines adjusted or could not adjust due to poor image
quality.
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Multilayer retinal segmentation rather than total

retinal thickness measures is needed to provide the

most comprehensive imaging evaluation—especially

in the clinical setting. Investigators are now using

automated software algorithms to segment multiple

retinal layers, although most are custom made rather

than provided by the manufacturer.4,23–25 Chiu and

colleagues4 have demonstrated reliable and accurate

8-layer automated retinal segmentation that outper-

forms the variability of manual segmentation.

Table 2. Comparison of Inner Region (3 mm) Retinal Layer Thickness Measures by Volume Density Using Eye-
Tracking with SD-OCT in Children

Mean 6 Thickness, lm

9- vs. 3-Volume Scans 3- vs. 1-Volume ScansVolumes Per Scan

9 3 1

Mean Paired
Difference,
Mean 6 SE

95%
Limits of

Agreement

Mean Paired
Difference,
Mean 6 SE

95%
Limits of

Agreement

TRT
Superior 338 6 20 337 6 19 338 6 19 0.9 6 0.2 �3.4 to 5.2 0.8 6 0.2 �3.2 to 5.0
Nasal 336 6 21 336 6 22 336 6 21 0.8 6 0.4 �6.3 to 7.9 1.4 6 0.8 �11.5 to 14.4
Inferior 332 6 20 331 6 19 332 6 19 0.8 6 0.3 �4.3 to 6.0 0.3 6 0.3 �4.7 to 5.4
Temporal 323 6 17 322 6 18 322 6 18 0.9 6 0.4 �6.1 to 8.0 1.0 6 0.6 �8.5 to 10.6

RNFL
Superior 22 6 3 22 6 4 22 6 3 0.1 6 0.2 �4.1 to 4.3 0.7 6 0.2 �2.9 to 4.4
Nasal 18 6 2 19 6 3 18 6 2 �0.2 6 0.2 �3.8 to 3.4 0.5 6 0.2 �3.5 to 4.5
Inferior 22 6 3 21 6 4 21 6 3 0.0 6 0.2 �4.5 to 4.6 0.3 6 0.2 �3.8 to 4.4
Temporal 15 6 1 15 6 1 15 6 1 0.0 6 0.1 �2.7 to 2.8 0.3 6 0.2 �3.1 to 3.8

GCL
Superior 49 6 10 49 6 9 50 6 9 0.2 6 0.2 �3.3 to 3.8 0.4 6 0.2 �2.8 to 3.6
Nasal 48 6 12 47 6 12 47 6 11 0.4 6 0.2 �3.8 to 4.8 0.8 6 0.4 �6.3 to 8.0
Inferior 47 6 9 47 6 9 48 6 9 0.0 6 0.2 �3.8 to 3.8 0.2 6 0.2 �3.0 to 3.6
Temporal 44 6 9 44 6 9 44 6 9 0.1 6 0.2 �4.5 to 4.8 0.7 6 0.3 �5.3 to 6.8

IPL
Superior 39 6 6 39 6 6 39 6 6 0.4 6 0.1 �1.9 to 2.8 0.0 6 0.1 �3.0 to 3.0
Nasal 39 6 7 39 6 7 39 6 7 0.6 6 0.1 �2.4 to 3.7 0.4 6 0.2 �3.9 to 4.8
Inferior 39 6 6 38 6 5 38 6 5 0.6 6 0.1 �1.9 to 3.2 0.0 6 0.1 �3.0 to 3.0
Temporal 38 6 5 38 6 5 38 6 5 0.4 6 0.1 �2.6 to 3.5 0.3 6 0.2 �3.5 to 4.2

GCIPL
Superior 89 6 16 88 6 15 89 6 15 0.6 6 0.2 �3.5 to 4.8 0.4 6 0.2 �3.7 to 4.6
Nasal 88 6 19 86 6 19 87 6 18 1.1 6 0.3 �5.1 to 7.3 1.3 6 0.6 �9.1 to 11.8
Inferior 86 6 15 86 6 15 87 6 14 0.7 6 0.2 �4.1 to 5.5 0.3 6 0.2 �4.1 to 4.7
Temporal 83 6 14 83 6 14 82 6 14 0.6 6 0.4 �6.1 to 7.4 1.0 6 0.5 �7.7 to 9.9

INL
Superior 43 6 5 44 6 4 46 6 4 �0.6 6 0.3 �5.8 to 4.6 �2.4 6 0.7 �15.1 to 8.8
Nasal 41 6 5 42 6 5 43 6 5 �0.8 6 0.2 �5.0 to 3.2 �1.9 6 0.7 �14.4 to 9.4
Inferior 40 6 4 42 6 4 43 6 4 �1.1 6 0.2 �5.3 to 2.9 �1.0 6 0.3 �8.4 to 1.2
Temporal 38 6 2 40 6 3 40 6 3 �1.2 6 0.2 �5.9 to 3.5 �1.3 6 0.7 �12.8 to 9.0

OPL
Superior 37 6 9 37 6 9 37 6 9 �0.2 6 0.9 �16.8 to 16.3 �0.2 6 0.8 �14.0 to 13.4
Nasal 30 6 3 30 6 3 31 6 5 0.0 6 0.3 �5.0 to 5.1 �1.1 6 0.5 �10.2 to 5.7
Inferior 30 6 6 30 6 7 30 6 8 0.0 6 0.5 �8.9 to 8.9 0.2 6 0.5 �8.4 to 9.0
Temporal 32 6 3 32 6 4 32 6 4 0.0 6 0.4 �7.8 to 7.8 �0.2 6 0.5 �9.2 to 8.2
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A small number of studies have used SD-OCT to

perform quantitative retinal segmentation in chil-

dren.9,13–15,26 Using the same OCT-device as in our

study, investigators did not perform volume averag-

ing, but instead acquired single volume scans using a

wide range of b-scans (i.e., 13–61) to only measure

total retinal thickness.13–15 To our knowledge, no

prior pediatric studies have evaluated the impact of

volume averaging on segmentation of inner retinal

layers.

Table 3. Comparison of Outer Region (6 mm) Retinal Layer Thickness Measures by Volume Density Using Eye-
Tracking with SD-OCT in Children

Mean 6 Thickness, lm

9- vs. 3-Volume Scans 3- vs. 1-Volume ScansVolumes Per Scan

9 3 1

Mean Paired
Difference,
Mean 6 SE

95%
Limits of

Agreement

Mean Paired
Difference,
Mean 6 SE

95%
Limits of

Agreement

TRT
Superior 299 6 15 298 6 16 300 6 14 0.7 6 0.4 �6.3 to 7.8 �0.1 6 0.4 �7.0 to 6.6
Nasal 312 6 21 312 6 20 314 6 21 0.5 6 0.3 �4.8 to 5.8 0.0 6 0.4 �6.4 to 6.6
Inferior 291 6 17 290 6 17 292 6 16 0.6 6 0.3 �5.2 to 6.4 �0.0 6 0.4 �6.7 to 6.7
Temporal 287 6 15 287 6 15 288 6 14 0.0 6 0.4 �7.3 to 7.4 0.4 6 0.7 �10.3 to 11.1

RNFL
Superior 34 6 7 34 6 8 33 6 7 0.0 6 0.0 �3.8 to 3.8 0.7 6 0.3 �3.9 to 5.4
Nasal 42 6 11 42 6 11 42 6 11 �0.4 6 0.3 �5.6 to 4.7 1.1 6 0.4 �5.6 to 7.8
Inferior 35 6 8 35 6 8 35 6 9 �0.2 6 0.2 �4.7 to 4.1 0.9 6 0.2 �2.3 to 4.2
Temporal 17 6 1 17 6 1 17 6 1 �0.1 6 0.1 �2.2 to 1.9 0.1 6 0.1 �2.4 to 2.6

GCL
Superior 34 6 4 33 6 4 34 6 4 0.2 6 0.1 �2.5 to 3.0 0.0 6 0.1 �2.9 to 2.9
Nasal 37 6 6 36 6 6 37 6 6 0.1 6 0.1 �2.7 to 2.9 �0.0 6 0.2 �4.2 to 4.0
Inferior 33 6 4 33 6 4 33 6 4 0.2 6 0.1 �2.1 to 2.6 0.4 6 0.2 �2.9 to 3.7
Temporal 35 6 6 36 6 6 36 6 6 �0.2 6 0.2 �4.1 to 3.7 0.6 6 0.3 �3.9 to 5.2

IPL
Superior 27 6 3 27 6 3 28 6 3 0.1 6 0.0 �1.4 to 1.7 �0.1 6 0.1 �2.2 to 1.9
Nasal 29 6 4 28 6 4 29 6 4 0.0 6 0.1 �2.3 to 2.5 �0.5 6 0.2 �3.8 to 2.6
Inferior 27 6 3 27 6 3 28 6 3 0.1 6 0.1 �2.1 to 2.4 �0.2 6 0.1 �2.7 to 2.1
Temporal 38 6 5 38 6 5 38 6 5 0.2 6 0.1 �1.9 to 2.3 0.2 6 0.1 �2.4 to 2.8

GCIPL
Superior 62 6 7 61 6 7 62 6 7 0.3 6 0.2 �3.2 to 3.9 �0.1 6 0.2 �3.9 to 3.7
Nasal 66 6 10 65 6 10 67 6 10 0.1 6 0.2 �4.7 to 5.0 �0.6 6 0.4 �7.5 to 6.1
Inferior 61 6 7 60 6 7 61 6 7 0.3 6 0.2 �3.6 to 4.4 0.1 6 0.2 �4.1 to 4.3
Temporal 68 6 10 68 6 10 68 6 10 0.0 6 0.2 �4.3 to 4.3 0.8 6 0.3 �4.8 to 6.5

INL
Superior 34 6 3 35 6 3 36 6 3 �0.4 6 0.1 �3.1 to 2.1 �1.5 6 0.5 �10.5 to 7.3
Nasal 37 6 4 37 6 4 38 6 4 �0.2 6 0.1 �2.3 to 1.9 �1.3 6 0.5 �10.3 to 7.6
Inferior 34 6 2 34 6 2 35 6 2 �0.3 6 0.1 �2.8 to 2.2 �0.4 6 0.1 �3.3 to 2.4
Temporal 36 6 2 36.9 6 2 37.7 6 3 �0.4 6 0.1 �2.8 to 1.9 �1.2 6 0.6 �11.1 to 8.6

OPL
Superior 27 6 3 27 6 3 26.8 6 2 0.4 6 0.3 �5.1 to 5.9 0.3 6 0.3 �4.6 to 5.2
Nasal 27 6 2 27 6 2 26.6 6 2 0.0 6 0.1 �2.2 to 2.3 0.6 6 0.1 �2.1 to 3.3
Inferior 26 6 2 26 6 3 25.4 6 2 0.0 6 0.2 �3.8 to 3.8 0.6 6 0.2 �2.8 to 4.1
Temporal 27 6 2 27 6 2 26.6 6 2 0.1 6 0.1 �2.5 to 2.8 0.7 6 0.2 �2.4 to 3.9

7 TVST j 2016 j Vol. 5 j No. 4 j Article 12

Trimboli-Heidler et al.



Our results highlight a number of important
factors when choosing a SD-OCT imaging protocol
for both clinical and research applications in children.
First, we demonstrated that 3-volume scans, which
are acquired in one-third the time of a 9-volume scan,
required the same amount of manual adjustment to
the segmentation. This reduction in SD-OCT acqui-
sition time may improve success as even adult subjects
are known to experience fatigue when undergoing
SD-OCT imaging.20 Secondly, despite the excellent
resolution of SD-OCT, automated segmentation of
inner retinal layers using 1-volume scans performed
poorly. Although the 1-volume scans had the shortest
acquisition time, the time needed to perform manual
adjustment is just not practical in the clinical setting.
Acquisition time also depends on the number of b-
scans per volume. Others have acquired fewer b-scans
than used in our study, thereby decreasing acquisition
time, although this subsequently increases the space
and interpolation between scans, which may miss
subtle changes.22 All of the above factors need to be
considered when designing clinical and research
imaging protocols that are feasible for both younger
and older children as many pediatric ophthalmologic
conditions present across a wide age spectrum. But,
most importantly, all SD-OCT automated segmenta-
tion results should be for reviewed for errors.

Our study had a number of limitations that should
be considered when interpreting our results.

The magnitude of segmentation errors were
categorized rather than calculated as a continuous
variable, possibly obscuring some subtle differences
among those classified as needing minor adjustments.
Also, we did not determine the frequency of manual
segmentation required for specific retinal layers.
Qualitatively, the borders of the GCL, IPL, and
INLs required the most manual adjustments. SD-
OCT acquisitions were immediately repeated in those
children whose images appeared to be of poor
technical quality as this is typical in clinical practice.
It is important to note that this study was not
designed to determine the success rate in acquiring
SD-OCT in children, but instead assessed the impact
of volume averaging on automated segmentation.
Lastly, our protocol acquired a large number of b-
scans, thereby increasing the opportunity for the
automated segmentation to fail and require manual
adjustment.

In conclusion, our study demonstrated that single
volume SD-OCT scans resulted in many more
automated segmentation errors than volumes that
used frame averaging. There was no appreciable

difference in thickness measures between those with
3 or 9 volumes, thereby arguing that greater volume
averaging is unnecessary.
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