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� PURPOSE: To determine the intra- and intervisit repro-
ducibility of circumpapillary retinal nerve fiber layer
(RNFL) measures using handheld optical coherence
tomography (OCT) in sedated children.
� DESIGN: Prospective cross-sectional and longitudinal
study.
� METHODS: Children undergoing sedation for a clini-
cally indicated magnetic resonance imaging for an optic
pathway glioma and/or neurofibromatosis type 1 (NF1)
had multiple 6 3 6 mm volumes (isotropic 300 3 300
or nonisotropic 1000 3 100 samplings) acquired over
the optic nerve. Children with 2 handheld OCT sessions
within 6 months were included in the intervisit cohort.
The intra- and intervisit coefficient of variation (CV)
and intraclass correlation coefficient (ICC) were calcu-
lated for the average and anatomic quadrant circumpapil-
lary RNFL thickness.
� RESULTS: Fifty-nine subjects (mean age 5.1 years,
range 0.8–13.0 years) comprised the intravisit cohort
and 29 subjects (mean age 5.7 years, range 1.8–12.7
years) contributed to the intervisit cohort. Forty-nine sub-
jects had an optic pathway glioma and 10 subjects hadNF1
without an optic pathway glioma.TheCVwas comparable
regardless of imaging with an isotropic and nonisotropic
volume in both the intra- and intervisit cohorts. The
average circumpapillary RNFL demonstrated the lowest
CV and highest ICC compared to the quadrants. For the
intervisit cohort, the average ICC was typically higher
while the CV was typically lower, but not statistically
different compared to the other quadrants.
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� DISCUSSION: Circumpapillary RNFLmeasures acquired
with handheld OCT during sedation demonstrate good
intra- and intervisit reproducibility. Handheld OCT has
the potential to monitor progressive optic neuropathies in
young children who have difficulty cooperating with tradi-
tional OCT devices. (Am J Ophthalmol 2014;158:
780–787.� 2014 by Elsevier Inc. All rights reserved.)

T
HE ABILITY OF TIME-DOMAINAND SPECTRAL-DOMAIN

optical coherence tomography (SDOCT)measures of
circumpapillary retinal nerve fiber layer (RNFL) to

diagnose and monitor optic neuropathies in adults has been
well established.1–7 The intra- and intervisit reproducibility
of SD OCT circumpapillary RNFL measures has recently
been enhanced by eye tracking and registration technology,
typically yielding an intraclass correlation coefficient
(ICC) greater than 90% and coefficient of variation below
4.0%.7–12 Despite the addition of eye-tracking technology,
many infants, toddlers, and young children frequently
cannot cooperate with traditional table-mounted SD OCT
imaging owing to their young age and/or comorbid medical
conditions.
The development of a handheld SD OCT has enabled

pediatric practitioners to acquire high-resolution images
of the circumpapillary RNFL and macula in neonates, in-
fants, and young children.13–24 Whereas neonates and
infants can be imaged while awake, the portability of the
handheld OCT permits acquisition in toddlers and young
children during sedation.
Handheld OCT measures of circumpapillary RNFL

thickness have previously demonstrated a close relationship
to vision loss (eg, visual acuity and/or visual field) in chil-
dren with optic pathway gliomas. In order to interpret lon-
gitudinal changes in circumpapillary RNFL measures, the
reproducibility of handheld OCT must be established. We
investigated the intra- and intervisit reproducibility of
handheld OCT circumpapillary RNFL measurements in
sedated children being evaluated for optic pathway gliomas.

METHODS

� SUBJECTS: Children undergoing a sedated magnetic reso-
nance imaging (MRI) scan as part of their clinical care and
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enrolled in an ongoing longitudinal study of handheld OCT
were eligible for inclusion. The longitudinal study primarily
recruits children with optic pathway gliomas and those with
neurofibromatosis type 1 (NF1). All subjects were recruited
through the Neuro-Ophthalmology or Ophthalmology
clinics at Children’s National Medical Center and received
a comprehensive ophthalmologic examination. Written
informed consent from the parent/guardian and written
assent from the child (when applicable) was obtained before
study enrollment. The study adhered to the tenets of the
Declaration of Helsinki and was approved by the Institu-
tional Review Board at Children’s National Medical Cen-
ter. All data collected was Health Insurance Portability
and Accountability Act (HIPAA) compliant.

The diagnosis of NF1 and NF1-related optic pathway gli-
oma was based on standardized clinical criteria.25 Subjects
with biopsy-proven low-grade gliomas (ie, World Health
Organization grade 1 juvenile pilocytic astrocytoma or grade
2 fibrillary astrocytoma) in the absence of NF1 were consid-
ered to have a sporadic optic pathway glioma. Age-
appropriate quantitative visual acuity (VA) testing was
attempted on all subjects. Subjects were classified as having
vision loss if they demonstrated decreased VA, defined as
>_0.2 logMARbelow age-based norms, and or had visual field
(VF) loss in 1 or more anatomic quadrants. Subjects who
experienced vision loss from non–optic pathway glioma–
related mechanisms (ie, amblyopia, papilledema, or glau-
coma) were excluded.

Subjects with 2 or more acceptable handheld OCT scans
(same sampling volume and eye) acquired during a single
imaging session were included in the intravisit cohort. A
6 3 6 mm volume (isotropic 300 3 300 or nonisotropic
1000 3 100 samplings) was acquired over the optic nerve.
Subjects could contribute scans from 1 eye for each type of
sampling volume. Subjects were eligible for the intervisit
cohort if they met all of the following criteria: (1) second
handheld OCT imaging session within 6 months meeting
the above intravisit criteria; (2) stable ophthalmologic ex-
amination (ie, no more than 0.1 logMAR decline in visual
acuity and no change in their visual field); and (3) stable
MRI without evidence of tumor growth. Children unable
to complete quantitative visual acuity testing were
excluded from the intervisit cohort as there would be no
way to detect clinical decline. Acceptable scans were
defined as no obvious motion artifacts and even illumina-
tion (no vignetting or shadowing) on OCT fundus images.

� IMAGE ACQUISITION WITH HANDHELD OPTICAL
COHERENCE TOMOGRAPHY: Handheld OCT acquisition
was identical to the previously published protocol.24 Mydri-
atic eye drops were instilled approximately 1 hour before the
subjects’ MRI. Once the child was adequately sedated using
a standardized anesthesia protocol, handheld OCT imaging
was performed using a high-resolution handheld device
acquiring 36 000 A-scans per second (Bioptigen, Durham,
North Carolina, USA). A 6 3 6 3 2 mm volume scan
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centered on the optic nerve head using 1000 A-scans across
100 B-scans or 300A-scans across 300 B-scans was acquired.
The total number of handheld OCT volumes acquired
during an imaging session was dependent on the time avail-
able to the examiner, as the current protocol does not
prolong the child’s exposure to anesthesia.

� HANDHELD OPTICAL COHERENCE TOMOGRAPHY
IMAGE ANALYSIS: Automated custom-made software
segmented the volume and determined the circumpapillary
RNFL thickness.26 The optic nerve head margin was drawn
manually by the same investigator (C.-L.C.). Circumpapil-
lary RNFL measures were derived from 256 A-scans around
a 3.4mmcircle that was centered at the geographic center of
the optic nerve head, and were equally divided into 4 quad-
rants (ie, 64 samples per quadrant). One investigator
(C.-L.C.) processed all of the raw handheld OCT data,
which were de-identified and did not include clinical infor-
mation.
As the device did not provide signal quality information

for each volume, image and signal quality was quantified by
calculating the quality index based on a previously described
method.27 Briefly, quality index (QI) was the product of 2
parameters, intensity ratio and tissue signal ratio, acquired
from a signal intensity histogram of an OCT volume. The
histogram represents the pixel intensity/reflectivity distribu-
tion of the entire volume. Intensity ratio is analogous to
signal-to-noise ratio for the entire volume, whereas tissue
signal ratio is the ratio of the number of pixels of retinal
signal vs background noise. Handheld OCT scans with a
QI value less than 22 were considered to be of poor image
quality and were eliminated from all analysis.

� STATISTICS: Demographic and clinical characteristics
were summarized by standard descriptive statistics
(eg, means and standard deviations for continuous vari-
ables). The Shapiro-Wilk test for normality was used to
determine the need for parametric (t test) vs nonparametric
(Wilcoxon rank-sum test) comparisons when analyzing the
differences between volume type and vision groups. A
paired t test was performed for subjects contributing eyes
to both volumes. The coefficient of variation (CV) and
ICC (2-way mixed-effects model) was calculated for the
global average and anatomic quadrant circumpapillary
RNFL thickness of the intra- and intervisit cohorts. Subjects
could contribute 2 or more scans of the same volume, eye,
and visit to the CV analysis in the intra- and intervisit
cohorts. For subjects with more than 1 eligible imaging ses-
sion, their earliest study visit was selected for the intravisit
cohort. The 2 scans with the highest QI were selected for
the intravisit ICC calculation. The average of all available
quality scans from visit 1 and visit 2 were used to calculate
the intervisit ICC. In cases of a unilateral isolated optic
nerve glioma without vision loss, the non–optic pathway
glioma eyes were eliminated from the analysis. When
normal vision subjects had eligible scans contributed from
781TICAL COHERENCE TOMOGRAPHY



TABLE 1. Intravisit Coefficient of Variation and Intraclass Correlation Coefficient for Nonisotropic and Isotropic Volumes of
Circumpapillary Retinal Nerve Fiber Layer Measurements Using Handheld Optical Coherence Tomography

Average

Region

Superior Nasal Inferior Temporal

1000 3 100a

Normal vision

N ¼ 32b

Thickness (mean 6 SD) 126.4 6 13.6 155.7 6 20.2 102.3 6 15.8 150.6 6 18.3 97.1 6 19.3

CV (%) 1.5 3.0 4.6 3.4 4.0

ICC 0.987 0.953 0.934 0.931 0.963

ICC 95% CI 0.97, 0.99 0.90, 0.97 0.86, 0.96 0.86, 0.96 0.92, 0.98

Abnormal vision

N ¼ 12b

Thickness (mean 6 SD) 81.8 6 22.9 102.0 6 27.2 72.4 6 25.3 96.9 6 33.7 56.1 6 22.7

CV (%) 3.3 4.2 11.5 3.7 8.3

ICC 0.992 0.987 0.956 0.992 0.962

ICC 95% CI 0.97, 0.99 0.95, 0.99 0.85, 0.98 0.97, 0.99 0.86, 0.98

300 3 300c

Normal vision

N ¼ 46b

Thickness (mean 6 SD) 125.7 6 19.9 157.1 6 25.3 100.5 6 19.1 150.0 6 25.0 95.4 6 22.3

CV (%) 2.5 3.5 6.4 4.3 5.1

ICC 0.985 0.967 0.929 0.967 0.953

ICC 95% CI 0.97, 0.99 0.94, 0.98 0.87, 0.96 0.94, 0.98 0.91, 0.97

Abnormal vision

N ¼ 15b

Thickness (mean 6 SD) 91.2 6 16.2 113.6 6 19.9 79.9 6 14.9 111.4 6 26.0 59.9 6 19.5

CV (%) 3.3 3.3 6.3 4.2 9.4

ICC 0.990 0.982 0.958 0.987 0.954

ICC 95% CI 0.96, 0.99 0.94, 0.99 0.87, 0.98 0.96, 0.99 0.85, 0.98

CI ¼ confidence interval; CV ¼ coefficient of variation; ICC ¼ intraclass correlation coefficient.
aA total of 104 scans contributed to the CV analysis.
bStudy eyes.
cA total of 197 scans contributed to the CV analysis.
both eyes, a random-number generator determined which
eye would be included in the analysis. Children could
contribute both eyes to an analysis if one was classified as
having abnormal vision while the other eye was classified
as having normal vision. Children with vision loss in both
eyes were permitted to contribute both eyes to the analysis,
as the magnitude and location of their deficit was never
identical between eyes. Data were analyzed using commer-
cially available software (STATA, version 13; StataCorp,
College Station, Texas, USA).

RESULTS

� INTRAVISIT COHORT: Fifty-nine subjects contributed to
the intravisit analysis. The median age was 4.6 years (range
0.79–13.0, N ¼ 36), with 61% of subjects being female. A
majority of subjects were white (68%, n ¼ 40), followed
by multiracial (15%, n ¼ 9), black non-Hispanic (14%,
782 AMERICAN JOURNAL OF
n¼ 8), andAsian (3%, n¼ 2). Fifty-nine percent of subjects
(n ¼ 35) had an optic pathway glioma secondary to NF1,
24% (n ¼ 14) had sporadic optic pathway gliomas, and
17% (n ¼ 10) had NF1 without an optic pathway glioma.
Twenty-seven optic pathway glioma subject eyes experi-
enced vision loss; 12 were imaged with nonisotropic vol-
umes (NF1–optic pathway glioma ¼ 4, sporadic optic
pathway glioma¼ 8) and 15 were imaged with isotropic vol-
umes (NF1–optic pathway glioma ¼ 7, sporadic optic
pathway glioma ¼ 8). Thirty-six subjects contributed 1
eye to each volume. Table 1 lists the RNFL thickness,
CV, ICC and ICC 95th percentile confidence interval for
the non-isotropic and isotropic volumes of the intravisit
cohort.

Nonisotropic volume analysis: intravisit cohort. Thirty-
eight subjects contributed 44 subject eyes (104 volumes ac-
quired) to the nonisotropic analysis, 12 of which had
abnormal vision. All circumpapillary RNFL quadrants
OCTOBER 2014OPHTHALMOLOGY



and global average thicknesses were higher in the normal
vision group compared to the abnormal vision group
(P < .001 for all comparisons). The average circumpapil-
lary RNFL thickness demonstrated a lower CV and higher
ICC compared to the quadrants in both the normal and
abnormal vision groups. The nasal quadrant, regardless of
vision status, most frequently demonstrated the highest
CV and the lowest ICC, although on occasion other quad-
rants would demonstrate similar results.

All CV values were not normally distributed (P< .001).
The CV values of the average, superior, inferior, and tem-
poral quadrants were not statistically different between
those with and without vision loss (P > .05, all compari-
sons). In the nasal quadrant, the CV of the normal vision
group was significantly lower compared to the abnormal
vision group (Z ¼ �3.162, P < .01; 4.6% vs 11.5%).

Isotropic volume analysis: intravisit cohort. Fifty-three sub-
jects contributed 61subject eyes (197 volumes), 12 with
vision loss, to the isotropic volume analysis (Table 1).
All circumpapillary RNFL quadrants and global average
thicknesses were higher in the normal vision group
compared to the abnormal vision group (P < .001 for all
comparisons). The average circumpapillary RNFL
thickness demonstrated a lower CV and higher ICC
compared to the quadrants in both the normal and
abnormal vision groups. The superior and inferior
quadrants demonstrated similarly high ICC values,
whereas the nasal and temporal quadrants showed the
lowest ICC values, with the low end of the confidence
interval reaching 0.87 and 0.85, respectively. The nasal
quadrant, regardless of vision status, most frequently
demonstrated the highest CV and the lowest ICC,
although on occasion other quadrants would demonstrate
similar results.

The CV values of the superior, nasal, and inferior quad-
rants were not statistically different between those with
and without vision loss (P ¼ .98, P ¼ .59, P ¼ .78,
respectively). The normal vision group’s CV was lower
for the temporal quadrant (P ¼ .0071; 5.1% vs 9.4%) and
neared significance (P ¼ .050) for the global average
(2.5% vs 3.3%).

Intravisit cohort: volume comparison. The nonisotropic
and isotropic volumes did not show statistically signifi-
cantly different CV values in all quadrants and the global
average (P > .05, all comparisons), even when comparing
based on vision loss/status. For subjects contributing eyes to
both volume types, a paired t test of CV values failed to
demonstrate a significant difference between volumes
across all quadrants (P > .05, all comparisons).

� INTERVISIT COHORT: Twenty-nine unique subjects
(median age 5.7 years, range 1.8–12.7 years) contributed
in the intervisit analysis. This cohort included more
female (17/29 ¼ 58.6%) and white subjects (22/29,
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76%), followed by multiracial (5/29, 17%) and black
non-Hispanic (2/29, 7%). Twenty-one had NF1-related
optic pathway gliomas, 7 had sporadic optic pathway gli-
omas, and 1 had NF1 without an optic pathway glioma.
Nine subject eyes experienced vision loss (NF1–optic
pathway glioma ¼ 6, sporadic optic pathway glioma ¼
3). Table 2 lists the RNFL thickness, CV, ICC, and ICC
95th percentile confidence interval for the nonisotropic
and isotropic volumes of the intervisit cohort. In general,
the global average demonstrated the lowest CV and high-
est ICC measures. The superior, inferior, and temporal
quadrants demonstrated similar, but slightly more vari-
able, CV and ICC measures as compared to the global
average. The nasal quadrant typically demonstrated the
highest CV values.
Thirty subjects from the intravisit cohort were not

eligible for the intervisit cohort owing to radiographic
and/or clinical progression (n ¼ 6), lack of quantitative
VA testing (n ¼ 1), and no follow-up imaging (n ¼ 23).
The intra- and intervisit cohorts had similar demographic
and clinical characteristics, although a slightly greater per-
centage of subjects experienced vision loss in the intravisit
cohort (45% vs 33%).

Nonisotropic volume analysis: intervisit cohort. Nineteen
subjects were included in the nonisotropic cohort analysis.
The small number of subjects in the abnormal vision group
did not permit appropriate statistical power to calculate the
ICC or to make an appropriate comparison between vision
groups.

Isotropic volume analysis: intervisit cohort. Twenty-nine
subjects contributed 31 subject eyes, 7 with vision loss, to
the isotropic analysis. All circumpapillary RNFL quadrants
and global average thickness were higher in the normal
vision group compared to the abnormal vision group (P <
.001, all comparisons). A lower CV and higher ICC were
frequently observed for the average circumpapillary RNFL
thickness in both the normal and abnormal vision groups.

Intervisit cohort: volume comparison. The comparison of
the CV values between the nonisotropic and isotropic vol-
umes was limited to the normal vision groups and did not
reach significance in any quadrant and in the global
average.
DISCUSSION

IN OUR STUDY, WE DEMONSTRATED THAT HANDHELD

OCT measures of circumpapillary RNFL have good repro-
ducibility in sedated children. Most CV and ICC values
were comparable between volume types (nonisotropic vs
isotropic) and vision category (normal vs abnormal).
Although children with vision loss demonstrated slightly
783TICAL COHERENCE TOMOGRAPHY



TABLE 2. Intervisit Coefficient of Variation and Intraclass Correlation Coefficient for Nonisotropic and Isotropic Volumes of
Circumpapillary Retinal Nerve Fiber Layer Measurements Using Handheld Optical Coherence Tomography

Average

Region

Superior Nasal Inferior Temporal

1000 3 100

Normal vision

N ¼ 17a

Thickness (mean 6 SD) 126.8 6 15.1 156.5 6 20.6 99.2 6 14.5 151.7 6 21.4 99.8 6 17.9

CV (%) 1.9 3.3 6.2 2.9 3.3

ICC 0.981 0.939 0.868 0.962 0.977

ICC 95% CI 0.95, 0.99 0.83, 0.97 0.64, 0.95 0.89, 0.98 0.93, 0.99

Abnormal vision

N ¼ 2a

Thickness (mean 6 SD) 93.9 6 14.8 117.7 6 11.1 82.7 6 11.5 113.2 6 20.0 62.2 6 21.0

CV (%) 2.7 3.8 11.0 4.6 5.9

ICC - - - - -

ICC 95% CI - - - - -

300 3 300

Normal vision

N ¼ 24a

Thickness (mean 6 SD) 127.5 6 16.3 159.3 6 22.3 100.1 6 16.5 155.2 6 23.2 95.3 6 18.0

CV (%) 1.9 3.7 5.8 2.8 2.9

ICC 0.984 0.948 0.916 0.968 .986

ICC 95% CI 0.96, 0.99 0.88, 0.97 0.88, 0.96 0.92, 0.98 0.96, 0.99

Abnormal vision

N ¼ 7a

Thickness (mean 6 SD) 99.1 6 16.8 120.8 6 21.3 89.1 6 15.6 121.6 6 29.9 64.7 6 17.6

CV (%) 3.1 4.5 3.6 6.6 3.4

ICC 0.978 0.962 0.965 0.956 0.99

ICC 95% CI 0.77, 0.99 0.80, 0.99 0.75, 0.99 0.59, 0.99 0.96, 0.99

CI ¼ confidence interval; CV ¼ coefficient of variation; ICC ¼ intraclass correlation coefficient.
aStudy eyes.
higher global average (3.3% vs 2.5%) and temporal quad-
rant (9.4% vs 5.1%) CVs when imaged with isotropic vol-
umes, these values were still comparable to other quadrant
CVs. The reproducibility of circumpapillary RNFL mea-
sures between visits was also very good and was unaffected
by imaging volume or presence of vision loss.

Understanding the variability within and between hand-
held OCT imaging sessions is essential in establishing what
amount of change in circumpapillary RNFL thickness con-
stitutes a statistically and clinically meaningful decline.
Based on our results, onemight consider a 10%–15%decline
in global average circumpapillary RNFL to be clinically sig-
nificant and to represent progression of disease. Since the
presence and magnitude of VA loss is closely related to
RNFL thickness,28 being able to monitor presymptomatic
RNFL changes, especially in young children who cannot
cooperate with quantitative VA and VF tasks, could poten-
tially present an opportunity to provide early treatment
before significant axonal loss andvisual decline has occurred.

The ability to monitor longitudinal circumpapillary
RNFL changes could be useful in young children with optic
784 AMERICAN JOURNAL OF
pathway gliomas24 and glaucoma.29 The ophthalmologic
monitoring and neuro-oncologic care of children with
optic pathway gliomas, especially those with NF1-related
optic pathway gliomas, is challenging for a number of rea-
sons. First, since optic pathway gliomas typically occur in
toddlers and very young children, a group known to have
a low rate of success in completing recognition VA
testing30 and manual/automated perimetry, circumpapil-
lary RNFL thickness could serve as a surrogate marker of
pregeniculate visual pathway integrity. For example, if a
child with an optic pathway glioma cannot complete
VA testing, yet their handheld OCTmeasures of circumpa-
pillary RNFL thickness are stable, this could provide
much-needed clinical information that the child is not
experiencing progressive vision loss from his or her tumor.
Secondly, children with optic pathway gliomas frequently
experience vision loss from their tumors without any appre-
ciable radiographic changes. An increase in tumor size does
not always result in vision loss and thus may not require a
change in the treatment plan. Although a large proportion
of children with sporadic optic pathway gliomas experience
OCTOBER 2014OPHTHALMOLOGY



vision loss, nearly 50% of children with NF1-related optic
pathway gliomas never experience vision loss and subse-
quently do not require treatment with chemotherapy or
biologic agents.31 Therefore, the poor correlation
between tumor growth and changes in vision is another
reason why monitoring circumpapillary RNFL thickness
may provide essential clinical information needed to alter
and even defer treatment in children with optic pathway
gliomas, especially in those children who cannot perform
VA testing or perimetry.

Although traditional table-mounted SD OCT demon-
strates good reproducibility, it cannot be used for infants,
toddlers, and young children who frequently cannot
cooperate owing to their young age and/or comorbidmedical
conditions. The addition of eye-tracking and image registra-
tion technology has significantly improved the inter- and
intravisit reproducibility of SD OCT measures. Many of
the current-generation SD OCT devices typically report
an excellent ICC (ie, greater than 90%) and coefficient of
variation below 4.0% for the global average and quadrant
circumpapillary RNFL.7–12 It is important to note that
ICC values are population specific, so their values are not
comparable between studies. Despite our lack of eye-
tracking and registration software, the CV results from
our study are comparable to SD OCT studies that enrolled
adult healthy controls and those with glaucoma.9,11,12

Prakalapakorn and associates performed one of the only
longitudinal studies of circumpapillary RNFL thickness in
children with glaucoma using time-domain OCT, which
demonstrated CVs somewhat comparable to our study.29

Although our results can be used to plan future handheld
OCT studies in children with optic pathway gliomas, our
results may not be applicable to children with other optic
neuropathies (ie, glaucoma, optic neuritis), as their pattern
of RNFL loss and mechanism of damage are different.

A number of factors need to be considered when evalu-
ating our rate of success in acquiring handheld OCT vol-
umes of sufficient quality. For example, the operator may
not save all acquisitions based on his or her subjective vi-
sual inspection. On the other hand, some images are saved
despite the operator’s having a low suspicion that the image
will have an acceptable quality index, thereby decreasing
the success rate. Approximately 10% of our acquisitions
were saved but failed segmentation owing to a variety of
causes, including inability to acquire a volume that encom-
passes the entire 3.4 mm circle, operator or patient move-
ment, image artifact secondary to poorly dilated pupils,
image artifact from the eyelid, low signal strength second-
ary to a poorly lubricated cornea, difficult eye position,
incorrect focus, and incorrect setting of the device refer-
ence arm. Nearly 11% of our acquired scans were elimi-
nated owing to a quality index value less than 22,
indicative of poor scan quality. For these acquired scans,
our success rate was comparable to adult studies that report
a failure rate between 2.5% and 12%,3,9,11,32 although 1
pediatric study reported no imaging failures.8
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Our study has a number of limitations. The number of
volumes acquired during an imaging session varied depend-
ing on a number of circumstances. Our current protocol
was designed to acquire handheldOCT images during seda-
tion for clinically indicated MRIs with the explicit goal of
not exposing the child to additional anesthesia. In some
cases, the anesthesia and radiology teams had minimal
time lag between anesthesia induction and commence-
ment of the MRI, ultimately leaving time for only 1 scan
per eye. At other times, acquisition of multiple volumes
was permitted without delaying the MRI and prolonging
the anesthesia exposure. Although it would be ideal to
collect the same number of volumes during each session,
we do not believe a protocol providing additional anes-
thesia exposure is ethically acceptable. Although some
OCT reproducibility studies combine both eyes when
calculating CV and ICC,9,29,32–34 we chose to report
values for only 1 normal-vision eye, given the known
inter-eye correlation. Despite having relatively small
numbers of children with abnormal vision, the percentage
of children with vision loss compared to normal vision is
typical of what is seen in clinical practice. The relatively
small number of subjects per group also likely contributed
to lack of statistical significance when comparing CV
values between volume type and vision loss groups. It is
conceivable that a larger multicenter cohort may demon-
strate statistically significant differences between quad-
rants, volume types, and vision loss categories. The
exclusion of children with clinical and/or radiographic pro-
gression also decreased the number of potential subjects.
Despite restricting our intervisit cohort to those who did
not demonstrate clinical (ie, VA or VF loss) or radio-
graphic progression, some children may have experienced
continued axonal loss, thereby weakening our CV and
ICC values. Lastly, it is conceivable that the magnitude
of globe cyclotorsion in the supine position could vary be-
tween visits and subsequently influence the variability.
Our imaging protocol included both nonisotropic and

isotropic volumes. During the later stages of our study,
we primarily chose to use isotropic volumes based on our
experience with our custom-designed segmentation soft-
ware. Many OCT users prefer to acquire nonisotropic
scans, as they provide higher-definition images for each
frame (or B-scan) owing to higher sampling density along
the x-axis. However, when it comes to quantitative anal-
ysis, in general, having the same sampling density in
both x- and y-axis is preferable. With nonisotropic scans,
superior and inferior quadrants along the 3.4-mm-diameter
circumpapillary scan can easily have more than 500 indi-
vidual A-scans, while temporal and nasal quadrants only
have about 50 individual samples. This may lead to uneven
measurement variability depending on how a resampling
(in our case, circular resampling) is performed. Interest-
ingly, our results did not show significant differences
between isotropic and nonisotropic scans in terms of mea-
surement variability.
785TICAL COHERENCE TOMOGRAPHY



In conclusion, our study demonstrated high reproduc-
ibility of circumpapillary RNFL measures using a handheld
OCT in sedated children with optic pathway gliomas.
786 AMERICAN JOURNAL OF
Based on our results, handheld OCT has the potential to
monitor longitudinal circumpapillary RNFL changes in
young children with progressive optic neuropathies.
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