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Estimating OCT Structural Measurement Floors to Improve
Detection of Progression In Advanced Glaucoma

Christopher Bowd, Linda M. Zangwill, Robert N. Weinreb, Felipe A. Medeiros, and Akram
Belghith

Hamilton Glaucoma Center, Department of Ophthalmology and Shiley Eye Institute, University of
California, San Diego, La Jolla, CA 92093-0946

Abstract

Purpose—*“Floor effects” in retinal imaging are defined as the points at which no further
structural loss can be detected. We estimated the measurement floors for spectral-domain optical
coherence tomography (SD-OCT) measurements and compared global change over time in
advanced glaucoma eyes.

Design—Validity study to investigate measurement floors.

Methods—A longitudinal “Variability Group” of 41 eyes with moderate to advanced glaucoma
(SAP MD < -8 dB) was used to estimate measurement floors. Minimum rim width (MRW),
ganglion cell-inner plexiform layer thickness (GC-IPLT) and circumpapillary retinal nerve fiber
layer thickness (cpRNFLT) were determined. Floors were defined as the average image area with a
loss < 15t percentile confidence interval of the variability in this group. Global rate of change and
percentage of the region of interest that did not reach the measurement floor at baseline were
calculated in 87 eyes with advanced glaucoma (SAP MD < -12 dB).

Results—Global change over time in longitudinal eyes was —1.51 um/year for MRW, —0.21 pm/
year for GC-IPL and —0.36 um/year cpRNFL (all p<0.03). The percentage of region of interest
that did not reach the floor at baseline was 19% for MRW, 36% for GC-IPLT and 14% for
CPRNFLT. Average (xS.D.) floors were 105 um (x15.9 pm) for MRW, 38 um (x3.4 um) for GC-
IPLT and 38 pm (4.2 pm) for cpRNFLT.
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Conclusions—In advanced glaucoma, more GC-IPL tissue remains above the measurement
floor compared to other measurements, suggesting GC-IPL thickness is the better candidate for
detecting progression. Progression in SD-OCT measurements is observable in advanced disease.

Glaucoma is a progressive optic neuropathy that can result in irreversible loss of visual
function in response underlying structural changes.!:2 Detecting worsening of the disease is
an essential part of glaucoma management, as health care providers worldwide must
determine whether the patient is stable and current treatment is effective or if the patient is
progressing and treatment must be modified.

Optical imaging using spectral domain optical coherence tomography (SD-OCT) currently is
the standard of care for the early detection and monitoring of glaucoma based on anatomical
abnormality [e.g., retinal nerve fiber layer (RNFL) thinning and more recently macular
thinning3-%]. Some evidence exists, however, that in advanced disease, SD-OCT
measurements are not useful for measuring tissue thickness because of the presence of a
floor effect, after which no more thinning is observable.”11 This floor effect, possibly due
to the presence of residual tissue (e.g., glial cells, blood vessels!?) or failure of tissue
segmentation algorithms (i.e., an artifactual floor)13, is thought to be a serious problem for
monitoring structural changes in eyes with advanced glaucoma. Even though the patient with
advanced disease may be progressing, it is often challenging to detect any observable change
with optical imaging. In these eyes, monitoring of disease must rely on standard automated
perimetry (SAP) or other visual function tests. Although SAP is a standard clinical test, SAP
measurements of visual sensitivity are notoriously variable, particularly as glaucoma
severity increases.14-16

Ideally, some SD-OCT measured anatomical structures would reach a measurement floor
further along the disease continuum than others. If this were the case, certain structures
would prove more valuable for assessing structural progression in advanced glaucoma than
others. The purposes of the current study were 1) to estimate the measurement floors of
several SDOCT- measured retinal structures: minimum rim width (MRW), ganglion cell-
inner plexiform layer (GC-1PL) thickness and circumpapillary RNFL (cpRNFL) thickness;
from raw 3D images in eyes with advanced but stable glaucoma, 2) to report the percentage
of the whole image area of eyes that had not reached the measurement floor in an
independent test sample of baseline measurements from advanced glaucoma eyes and 3) to
determine if significant change over time of these measurements is observable in advanced
glaucoma eyes. The results should be relevant to the SD-OCT measurements most suitable
for detecting change in eyes with advanced disease.

METHODS

128 eyes from 86 glaucoma patients enrolled in the UC San Diego Diagnostic Innovations in
Glaucoma Study (DIGS) were included in the current analysis. The DIGS is a prospective
longitudinal study designed to evaluate optic nerve structure and visual function in glaucoma
that follows the same protocol as the UC San Diego-based African Descent and Glaucoma
Evaluation Study.1’ Enrollment of participants is based on the inclusion/exclusion criteria
specified below. The UC San Diego Human Research Protection Program/Institutional
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Review Board approved all methodology and all methods adhered to the tenets of the
Declaration of Helsinki for research involving human subjects and to the Health Insurance
Portability and Accountability Act. The DIGS was registered at http://cilincaltrials.gov
(NCT00221897) on September 14, 2005.

Eligible participants had best corrected visual acuity of 20/40 or better, spherical refraction
within +5.0 Diopter (D), cylinder correction within £3.0 D, and open angles on gonioscopy.
All participants were older than 18 years. Participants were excluded if they had a history of
intraocular surgery (except for uncomplicated cataract or glaucoma surgery). Eyes with
coexisting retinal disease, uveitis or non-glaucomatous optic neuropathy were excluded from
the investigation. Diabetic participants with no evidence of retinal involvement were
included. Self-reported information regarding systemic conditions, medications and risk
factors associated with glaucoma was recorded. For glaucoma subjects, inclusion criteria
were: 1) open angles on gonioscopy and 2) at least 2 consecutive standard automated
perimetry visual field (VF) examinations with either a pattern standard deviation (PSD) <
0.5 or a glaucoma hemifield test (GHT) result outside the 99% normal limits.

Participants and Testing

All subjects underwent an annual comprehensive ophthalmologic examination including
review of medical history, best-corrected visual acuity, slit-lamp biomicroscopy, dilated
funduscopic examination, and stereoscopic optic disc photography. Semi-annual
examination included intraocular pressure (IOP), SD-OCT imaging and VF testing.

Two independent groups of glaucoma eyes, as defined above, were assessed for the analyses.
All VF results were reliable with fixation losses < 33%, false positive responses < 15% with
no apparent test artifacts as assessed by technicians for the UC San Diego Visual Field
Assessment Center (VisFACY).

A Variability Group of 41 eyes of 27 glaucoma patients with moderate to advanced
glaucoma (mean deviation; MD < -8 dB) with repeated tests over 5 weeks was used to
estimate the measurement floors (The Variability Group is named as such because testing
was frequent over a time frame that should not show progressing glaucomatous change,
rather just measurement variability). Eighty-seven eyes of 59 patients with advanced to
severe glaucoma (SAP MD < -12 dB18) imaged twice over the course of approximately two
years were included in a Longitudinal Group.

All eyes underwent two 24-2 SAP exams prior to baseline imaging to be classified as
glaucomatous and were imaged using Spectralis® SD-OCT (software version 5.2.0.3,
Heidelberg Engineering GmbH) two or more times. Scan protocols used were the enhanced
depth imaging (EDI) optic nerve head-centered radial scan (48 B-scans * 768 A-scans each),
the high-resolution macular cube scan (73 B-scans * 768 A-scans each) and the high-
resolution optic disc cube scan (73 B-scans * 768 A-scans each). Overall quality of OCT
scans was evaluated by UC San Diego Imaging Data Evaluation and Assessment (IDEA)
Center technicians and all scans were considered of acceptable quality based on
standardized assessment protocol.
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A summary of the demographic variables and measurements at baseline for each group are
shown in Table 1. Glaucoma patients in the Longitudinal Group were significantly older (p <
0.001) and had worse visual field MD (p < 0.001) than those in the Variability Group (the
latter difference by design). Participants in the Longitudinal and Variability groups were
similar with respect to gender (p = 0.68), axial length (p = 0.44) and optic disc area (p =
0.41).

Retinal Layer Segmentation

Raw SD-OCT thickness maps were exported to a numerical computing language
(MATLAB, The MathWorks, Natick, MA). The MRW, GC-IPL and cpRNFL layer
thicknesses were segmented from the raw images (from the three scan protocols described
above) using the San Diego Automated Layer Segmentation Algorithm (SALSA). SALSA
has been described previously®-21 and was used to automatically segment 1) the Bruch's
membrane opening (BMO) and the internal limiting membrane (ILM) on each ONH radial
B-scan to calculate the MRW defined as the shortest distance from BMO to ILM, 2) the
macular GC-IPL thickness from the macular cube scan and 3) the cpRNFL thickness from
the optic disc cube scan.

SALSA is based on the assumption that each B-scan consists of several inter-retinal layers
[e.g., the Bruch's membrane (BM) layer, the cpRNFL]. Briefly, each retinal layer was
defined by a curve modeling its skeleton and a filter, or set of filters, modeling its thickness.
In this study, we were only interested in the segmentation of the BM and ILM layers in the
ONH radial scans and the GC-IPL and cpRNFL layers in the macular and ONH cube scans.
An object-oriented approach where segments of the layer are generated was utilized to build
connected skeletons rather than a voxel-oriented approach. A Monte Carlo Markov Chain
approach was used estimate the model parameters and hyper-parameters.22

Defining the Measurement Floors

For each structural measurement, we defined local variability to assess change over time in
the Longitudinal Group. Specifically, for MRW, local variability was calculated at 96 MRW
locations defined by each of the 48 radial B-scans (intersecting at each side of the BMO).
For GC-IPL and cpRNFL thickness maps, local variability was calculated from a 5,906
superpixel grid (sized 2 pixels * 5 pixels) comprising the total 73 B-scan * 768 A-scan
(56,065 pixels) macular cube image and optic disc cube image, respectively. Theoretically
for cpRNFL images, because the size of the optic disc varies by eye, the number of available
super-pixels used to define the image area also varies by eye. To control for this potential
confounder, optic disc area was standardized on all images to be equal to the 95%
confidence interval (CI) of optic disc area of all eyes included in the study, 2.91 mm2. To
reduce the variability of fovea-to-disc angle across eyes, we normalized the fovea-to-disc
angle to —6 deg for all eyes.23

To define the measurement floors we plotted the distribution of the variability of the slopes
of linear regression of MRW, GC-IPL thickness and cpRNFL thickness at each location
(from MRW locations and GC-IPL and cpRNFL grids, described above) over 5 imaging
sessions obtained from eyes composing the Variability Group. The floor for each structural
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measurement was defined based on the image area with a loss less than the 15 percentile
confidence interval of the variability observed in this group. This cut-off was selected to
minimize the false positive rate (i.e., to minimize the chance of potential glaucoma
progression diagnostic regions being assigned as floor regions). The average percentage of
image area useable to assess glaucoma progression over time in advanced glaucoma eyes
also was calculated.

ANALYSES

Demographic characteristics by group (Variability versus Longitudinal) were compared
using descriptive statistics. Categorical variables were compared using Chi? tests and
continuous variables were compared using t-tests (Table 1).

Ordinary least square linear regression was used to calculate the structural loss from baseline
(i.e., the slope) for each area of MRW, macular GC-IPL thickness map and cpRNFL
thickness map. Multivariable models included Group (Variability Group vs. Longitudinal
Group), Time and the interaction term Group * Time. P-values less than 0.05 were
considered statistically significant. Statistical analyses were performed using SAS, Version
9.2 (SAS Institute, Cary, NC, USA).

For each structural measurement, the Variability group was used to determine the variability
at each radial scan for MRW and for each superpixel for GC-IPL and cpRNFL thickness.
Therefore any change beyond this variability in the glaucoma group was due to either rapid
disease related change or age related change (the latter is less likely with two years follow-
up and on two Visits).

RESULTS

Baseline global MRW derived from the ONH radial scan, macular GC-IPL thickness derived
from the macular cube scan and cpRNFL thickness derived from the ONH cube scan
measurements in eyes from the Variability Group and the Longitudinal Group are presented
in Table 2. Eyes from the Variability Group had thicker baseline MRW, GC-IPL thickness
and cpRNFL thickness than eyes from the Longitudinal Group (all p < 0.001), likely a result
of the selected difference in SAP severity between groups.

Average structural loss across the whole thickness map over time of MRW, macular GC-IPL
thickness and cpRNFL thickness in the Variability Group eyes (which reflects measurement
variability over 5 weeks follow-up) and the Longitudinal Group eyes (which reflects aging
and glaucoma progression over two years follow-up) are presented in Table 3. In eyes from
the Variability Group, mean rates of MRW, macular GC-1PL thickness change and cpRNFL
thickness change were, —0.09 um/year (p =0.69), and —0.008 pm/year (p =0.74) and —-0.01
pum/year (p =0.87), respectively, confirming stability (i.e., all p > 0.05).

In advanced glaucoma eyes from the Longitudinal Group, the mean rates of MRW, macular
GC-IPL thickness change and cpRNFL thickness change were, =1.51 um / year (p =0.03),
-0.21 um / year (p < 0.001) and —0.36 pm / year (p =0.02), respectively. All changes were
statistically significant from baseline to approximately two years of follow-up. Based on the
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Variability Group, 15t percentile Cls (i.e., cut-offs used to define change) were —-0.32 for
MRW, -0.02 for GC-IPL and —1.0 cpRNFL (Table 3). In addition, there was no association
between image signal-to-noise ratio (SNR, Mean = 25.33, S.D. £4.11) and rate of change of
MRW (p=0.17, p=0.49), GC-IPL (p=0.09. p=0.35) or cpRNFL (p=0.23, p=0.71).

The mean percentage of image area that did not reach the floor in the baseline images of
eyes in the Longitudinal Group (i.e., the image percentage that changed after two years of
follow-up) was 19% for MRW, 36% for GC-IPL thickness and 14% for cpRNFL thickness,
indicating that GC-IPL likely is the most robust measurement for assessing localized change
in eyes with advanced glaucoma. Mean rates of change of MRW, GC-IPL and cpRNFL were
not significant in areas reaching the estimated measurement floors in the Longitudinal Group
(all p=0.41), but were significant in areas that did not reach the estimated floor (all p<0.001)
(Table 4).

Using the estimated measurement variability from the Variability Group, the measurement
floors were 105 pm (£15.9) for MRW, 38 um (£3.4) for GC-IPL thickness and 38 um (+4.2)
for cpRNFL thickness. These values are specific to our Variability Group only and are not
necessarily indicative of measurement floors observed in other or larger groups. These
values were used only to provide descriptions of the tissue remaining that was usable for
detecting progression (i.e., the diagnostic tissue) in more advanced glaucoma and to
compare the possible change in the different tissues in the same advanced glaucoma eyes
over time.

Figure 1 shows color-coded examples of whole image GC-IPL thickness (top) and cpRNFL
thickness (bottom) measurements from baseline images of an eye in the Longitudinal Group
with areas that have reached the defined respective floors shaded.

DISCUSSION

The current study estimated the measurements below which no further change in SD-OCT-
measured MRW, GC-IPL thickness and cpRNFL thickness could be observed (i.e., the
measurement floors) in glaucoma eyes. These results indicate that changes in SD-OCT
measurements are possible in advanced glaucoma (MD < -12 dB), and that such changes are
observable over a relatively short period of time, suggesting the usefulness of SD-OCT
monitoring for progression detection in this population.

Moreover, we found SD-OCT measured ganglion cell-inner plexiform layer thickness was
the least likely parameter to reach the floor across the majority of the image area at baseline,
suggesting this parameter is the most informative of the parameters investigated for
detecting disease-related change in advanced glaucoma and supporting the long-held idea
that the macular region is preserved latest in the glaucoma disease process. One recently
published study has suggested the same. Belghith and colleagues?* showed that in 35 very
advanced glaucoma eyes (MD <-21 dB) imaged longitudinally for approximately 3.5 years
(at approximately 6 months intervals) using Spectralis SD-OCT, significant change in GC-
IPL thickness was detected in 31% of eyes compared to 11% and 5% for MRW and cpRNFL
thickness, respectively. In addition, in these very advanced eyes, the mean rate of change of
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GC-IPL was significantly different from zero whereas this was not the case for MRW and
cpRNFL. The mean macular GC-IPL thickness tended to be greater at baseline in the eyes
that showed progression than in the eyes that did not, suggesting that progressing eyes had
not reached the floor at baseline. It should be noted that glaucoma eyes in the Belghith et al.,
study were significantly more advanced at baseline than eyes in the current study.

To our knowledge, our results are the first attempt to describe the measurement floors locally
across whole SD-OCT images. However, several earlier studies have used a variety of
methods to estimate the measurement floor for coRNFL thickness using various methods
with varying results. Sihota et al.25, utilized cross-sectional analysis of Stratus time-domain
OCT (TD-OCT) circle scans to estimate an average RNFL thickness floor of 44.93 pm
(£4.95 um) in 17 eyes blinded by glaucoma (no light perception). In addition, they reported
average RNFL thickness of 53.65 um (£14.20 um) in 25 eyes with SAP MD < -12 dB (i.e.,
severe glaucoma by our current definition), suggesting that the potential for detecting
disease-related change in advanced glaucoma already existed with an earlier generation
instrument with comparatively limited image resolution. Hood and colleagues’ measured
cpRNFL thickness in 15 glaucoma eyes across a range of glaucoma severities (SAP MD
-2.7 dB to -16.11 dB) using the Stratus TD-OCT fast circle scan protocol (256 A-scans)
and tested the applicability of a previously described linear structure versus function model
in which the cpRNFL thickness floor based on the assumption that at visual field MD worse
than —10 dB, RNFL thickness reaches an asymptotic floor).26 Using this assumption, they
estimated the RNFL measurement floor at 53.7 pm (+14.2 pm) (see also?” for similar
results). Using the same method with a —10dB cut-off on independent data sets of glaucoma
eyes and anterior ischemic optic neuropathy eyes, the cpRNFL thickness measurement floor
ranged from 45.5 pum to 50.5 um?8).

More recently, Mwanza and colleagues used Bayesian analysis methods to estimate the
tipping point at which measurable cpRNFL thinning ends (i.e., the cpRNFL measurement
floor).? Using cpRNFL thickness measurements obtained from Spectralis and RTVue circle
scan protocols. Calculated global cpRNFL floors were 49.9 um for Spectralis and 70.6 pm
for RTVue at SAP MDs of —25.1 dB and —18.9 dB, respectively. Although the estimated
Spectralis cpRNFL thickness floor reported by Mwanza et al. was similar to that described
by Hood and colleagues, the RTVue-measured thickness floor was not. This difference likely
is attributable to different reported RNFL thickness measurements between instruments
(e.g., Leite et al.2%). Dramatic differences in reported SAP MD cut-points between Hood and
colleagues and Mwanza and colleagues (visual field MD < -10 dB versus < —18 dB or
worse) may be attributable to differences in analysis strategies (use of a simple linear model
versus a Bayesian analysis method). In fact, in another study, Mwanza et al. compared their
method of estimating the structure versus function tipping point to the simple linear model
proposed by Hood et al. and found more similar SAP MD cut-points using the simple linear
model in their independent data set (ranging from visual field MD —10.4 dB for Cirrus to
-14.4 dB for RTVue) and similar cpRNFL thickness floors, supporting a likely explanation
for the differences in results was due to differences in methods used to define thickness
floors.
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The measurement floor for cpRNFL thickness reported in the current study is not directly
comparable to those described above because it was estimated based on variability in stable
glaucoma eyes and was not directly observed or related to a proposed SAP MD cut-off. It
would not have been appropriate to use the thickness floors reported from other studies as
our cut-offs, because we estimated the floor across the entire available image instead of
under an instrument defined circle scan.

A criticism of the current study may be that because we estimated the MRW, GC-IPL and
cpRNFL thickness floors based on variability in stable glaucoma eyes using an arbitrary
variability cut-off, our estimated floor results are not accurate and therefore our percent-
image-area-preserved-relative-to-image-floor results reported from baseline measurements
in the Longitudinal Group are not accurate. While this might be the case, we argue that no
matter the cut-off chosen, the refative results among the investigated parameters would
remain similar.

We also did not require a minimum Spectralis image quality metric, SNR, cut-off (although
SNR was reported). This is because SNR is a global assessment and we assessed local
measurements. Image quality likely varies locally over the whole image so we individually
assessed each image to assure that the measurement-specific region of interest was well
focused and without any image-related artifacts. Recall that the overall quality of each OCT
scan was considered good based on our standardized assessment protocol. Because of this, it
is possible that our images did not represent images obtained in a typical glaucoma clinic
that, in some cases, may not be assessed for quality beyond SNR.

One could argue that any image area defined as a floor measurement in the current study
was a stable area that simply did not show change over time. However, these areas were not
apparently diagnostic of glaucomatous progression (or progression due to aging) because no
statistical change was observed. Reported thicknesses in floor regions were less thick than
the glaucoma progression diagnostic areas (i.e., image areas that showed significant change
over time, Table 4) suggesting that, for our advanced glaucoma eyes, these areas had in fact
reached the measurement floor.

Despite these possible criticisms, we believe that the strengths and innovation of this study
are that we are investigating multiple newly available parameters, measured longitudinally
on whole images in advanced glaucoma eyes. Most importantly, this study serves as a proof-
of-concept that SD-OCT measurements are sensitive to disease-related change in advanced
glaucoma, particularly in specific regions of the image. Longer follow-up and investigation
of various cut-off definitions to define measurement floors would provide added
information, but are beyond the scope of the current study.

In conclusion, the current study showed that a significant percentage of SD-OCT-measured
retinal tissue is spared from the measurement floor in advanced glaucoma eyes. In addition,
progressive thinning of the spared tissue is observable well into late-stage disease,
particularly when GC-IPL thickness is the structural parameter measured. These results
indicate that optical imaging, particularly SD-OCT imaging, has a place in detecting
structural change in eyes with advanced glaucoma. These finding have strong clinical
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implications because treatment decisions rely on determining whether a patient is stable or
progressing. These decisions are most important in advanced glaucoma patients, who are at
the greatest risk of becoming functionally impaired or blind from the disease and are the
most expensive to manage.30
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Figure 1.
Color-coded examples of whole image ganglion cell-inner plexiform layer thickness (left)

and circumpapillary retinal nerve fiber layer thickness (right) measurements from baseline
images of an advanced glaucoma eye in the Longitudinal Group with areas that have reached
the defined respective floors shaded (SAP MD = -17.9 dB in this eye).
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Demographic, ocular and visual field measurements in eyes composing the Variability Group and Longitudinal

Group at baseline SD-OCT imaging date.

Variability Group  Longitudinal Group P=

Number of eyes 41 87

Sex, % female 61 59 0.68
Age in years (SD) 70.0 (£7.9) 73.0 (£9.4) <0.001
Number of visits 5 2 <0.001
Follow-up time (SD) 5 weeks 1.8 (+0.3) years <0.001
Axial length in mm (SD) 24.1 (+1.9) 23.95 (+1.4) 0.44
Disc area in mm? (SD) 2.17 (+0.5) 2.10 (+0.4) 0.41
Visual field Mean deviation -10.4 (-8.3,-23.0) -17.0 (-12.5,-27.0) <0.001

in dB (range)
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Table 2

Baseline mean global minimum rim width, macular ganglion cell-inner plexiform layer thickness and
circumpapillary retinal nerve fiber layer thickness measurements by study group.

Variability Group  Longitudinal Group P=

MRW in pm (SD) 155.1 (+16.4) 141.8 (+15.3) <0.001
GC-IPL in pm (SD) 71.3 (29.3) 62.8 (+10.4) <0.001
¢pRNFL pm (SD) 67.4 (£7.9) 61.4 (£6.7) <0.001

MRW = minimum rim width
GC-IPL = Ganglion Cell-Inner Plexiform Layer
cpRNFL = Circumpapillary Retinal Nerve Fiber Layer

T-test p-values reported represent the differences between stable variability eyes and longitudinal eyes.

Am J Ophthalmol. Author manuscript; available in PMC 2018 March 01.

Page 13



Page 14

Bowd et al.

'sdnoJB jeurpn)iBuo| pue ajqels usamiag aBUBYD JO B1J URBW B Ul S3DUBIBYIP Sa1en|ens d
¥

J1aAeT Jaqi4 anIaN [eunay Asepidedwnali) = 14NYdo
JaAe] WiojIxa|d Jauul-1D uoljbues) = 1d1-09
YIpIm Wi wnwiuiw = MAIN

T000> 200> (L00°290-) 9¢0- 280 (STO'0T0-) 7T00- (feakywr)7dNydo

1000> 7T00> (#00'620-) TZ0- +.0 (200'200-) 8000- (teskjwrl) 1dI1-09

T000> €00> (ov0‘0€e-) T1ST- 690 (vP0°2€0-)  600- (reakywm) MEIN

1D 8[nusdasd
=d 10 %56 ues|y =d w66  uesN
=d, dnouo feuipnyibuo] dnouo Aljigerren

‘dnof Apnis Aq ssoj

sSaux Iyl JaAe] Jaqly ansau eunal Arejjidedwinalid pue ssauxoiy) JaAe| wiogixa|d Jauui-1192 uoljbueh rejndew ‘Yipim wis wnwiuiw [eqolb Jo sarel [enuuy

Author Manuscript

€ 9lqeL

Author Manuscript

Author Manuscript Author Manuscript

Am J Ophthalmol. Author manuscript; available in PMC 2018 March 01.



Page 15

Bowd et al.

"seale onsouBelp pue seale 100}y UsaMIag aBUEBYD JO 81.1 10 SSBUXOIY) BNSSI) BUIJSSEq UBSLU 8] Ul S30UIaYIP Salen|ens 4
x

JaAe Jaqi4 anaN [eunay Asepjidedwnon) = 14NYdd
JaAeT WI0IX3]d Jauu]-[]3D uoljbues) = 1d1-09
YIpIM Wl wnwiuiw = MAN

T000> T00'0> (¥1°0-'680-) 250- .0  (2T0'6T0-) €200-  (Meakjwr)IdNydo
T000> T00'0> (L0'0-'9¥'0-) €€0- G90 (1€000'600-) GT00-  (sedkyum) 1dI-09
7000> T00°0> (€z0-'v0e-) TL2- 100  (1S0'89°0-) 090°0- (reakjuurt) MYIN
100°0> =d 10%G6 UeSN  =d IOWyse  uesiy adojs
700°0> (1566 'TT'89)  €T'T8 (68'7¥ 'STTE)  0T'8E (wrl) 74Ny
100°0> (€0'16 '2€T9)  29'6L (SL'ev'19z8) 108 (wrl) 1dI-09
700°0> (8v'€TZ '€2'T9T)  6G°28T (ov'vy1'se’9s)  £5'S0T (wrl) MmN

10%56  UBsIN IOUIG6  UBBN  SSauMdIYL duljeseq

~—d sealy onsoubelq Sealy 100|4

‘dnolo eurpnibuo] ewoone|h pasurApe ay) Ul sease uollosiap uolssalboad ewoone|b Aq ssoj ssauxIyl JaAe| Jaqly aAIau [eullal
Arejjidedwinag pue ssaudoIyl JaAe| wuolixald Jauul-|[32 uoljbueb Jejnoew ‘YIPIM Wil wnwiuiw [eqolb Jo sajel [enuue pue ssauxdly) anssi auljaseg

Author Manuscript

¥ alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Am J Ophthalmol. Author manuscript; available in PMC 2018 March 01.



	Abstract
	METHODS
	Participants and Testing
	Retinal Layer Segmentation
	Defining the Measurement Floors

	ANALYSES
	RESULTS
	DISCUSSION
	References
	Figure 1
	Table 1
	Table 2
	Table 3
	Table 4



