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Purrose. The purpose of this study was to determine the effects of axial elongation
on optic nerve head morphology and macula inner retinal thickness in young rhesus
monkeys.

MerHoDS. Both eyes of 26 anisometropic, 1-year-old rhesus monkeys were imaged using
optical coherence tomography (OCT). Before imaging, the animals were sedated, their
eyes were dilated, and axial length was measured using an optical biometer. OCT imaging
included a 20 degrees, 24-line radial scan centered on the optic nerve head (ONH) and
two 20 degrees x 20 degrees raster scans, one centered on the ONH and the other on the
macula. Radial scans were analyzed using programs written in MATLAB to quantify the
Bruch’s membrane opening (BMO) area and position, minimum rim width (MRW), ante-
rior lamina cribrosa surface (ALCS) position, size of any scleral crescent, circumpapillary
retinal nerve fiber layer (RNFL), and choroid thickness (pCh). Macula total retinal thick-
ness (MTRT) and ganglion cell inner plexiform layer (GCIPL) thicknesses were quantified
from macula scans. Linear least square regression was determined for OCT measures and
axial length of the right eye, and for inter-eye differences.

ResuLts. Animals were 341 £ 18 days old at the time of imaging. BMO area (R? = 0.38),
ALCS position (R*> = 0.45), scleral crescent area (R*> = 0.35), pCh thickness (R?> = 0.21),
mTRT (R? = 0.24), and GCIPL thickness (R?> = 0.16) were correlated with the axial length
(all P < 0.05). For each of these parameters, the right-eye regression slope did not differ
from the slope of the interocular difference (P > 0.57).

Concrusions. There are posterior segment morphological differences in anisometropic
rhesus monkeys related to axial length. Whether these differences increase the risk of
pathology remains to be investigated.

Keywords: axial elongation, nonhuman primates, ocular morphology, optic nerve head
(ONH), macula

yopia, or nearsightedness, occurs when the optics of

the anterior segment focus light from a distant object
in front of the retina when accommodation is relaxed. Axial
elongation is the main contributing factor, and it is esti-
mated that the worldwide prevalence of myopia will reach
50% by 2050.! Although refractive visual impairment can
be managed with spectacles, contact lenses, or refractive
surgery, these options do not address the anatomic changes
associated with axial elongation and the related risks for
ocular complications.?

Clinical studies show that axial elongation is negatively
correlated with macula/parafoveal thickness and volume 3-8
choroidal thickness,”"'> and macular vascular density.'>'# In
addition to the macula region, the optic nerve head (ONH)
morphology is also altered in longer eyes. Myopic eyes often
have an increased optic disc size,'>'° tilting of the nerve,'’
a more anterior lamina cribrosa surface,'”® and temporal
crescents.”” These structural alterations are hypothesized
to increase the eye’s susceptibility to ocular pathology,
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including mechanical stress from intraocular pressure and
ganglion cell damage.

Population-based studies have identified myopia as a
significant and independent risk factor for open-angle glau-
coma.?’-2® Whereas glaucoma risk is thought to increase
by approximately 20% with each diopter, the relation-
ship is nonlinear, significantly increasing past 6 diopters
of myopia.?’” Both myopia and glaucoma have posterior
segment and peripapillary connective tissue alterations,*®
but the pathophysiology linking the two remains unknown.

Animal models of emmetropization could provide meth-
ods for determining the link between the two conditions.
Although there are some notable differences, the rhesus
monkey (Macaca mulatta) has similar ocular structure
and biomechanical response to that of humans.?’ Whereas
several studies have examined ocular growth and develop-
ment, there is a lack of data on axial elongation and poste-
rior segment structure in this animal model.**-*! We hypoth-
esize that axial elongation in this animal model has similar
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posterior segment morphological features to that commonly
reported in human clinical studies. Using optical coherence
tomography (OCT), we present the relationship between
posterior eye morphology and axial length in a group of
young rhesus monkeys with visually induced experimental
anisometropia.

MATERIALS AND METHODS
Subjects

Subjects included 26 rhesus monkeys (Macaca mulatta),
previously used in experiments of refractive error from 3
weeks to 6 months of age.?*-3* In these prior experiments,
the majority of animals were reared wearing vision-altering
goggles to induce myopic refractive errors in their right
eyes.3?-3% Following this experimental period, visual inter-
ventions were removed, and the animals were reared in a
standard colony environment, as previously described.®> At
the time of imaging and image processing, the imaging team
(authors N.P. and Z.S.) was blinded to the prior visual expe-
rience of the animal. For this cross-sectional study, animals
were imaged at a single timepoint, 6 months after removal
of the vision-altering goggles (mean age of 347 + 18 days).
At this time point, the majority of anisometropic recovery is
complete and the rate of axial elongation has slowed, and
is similar between the two eyes.’?3° Further, this time point
was selected as maturational changes in retinal thickness
have stabilized. All animal care procedures were reviewed
and approved by the Institutional Animal Care and Use
Committee of the University of Houston and adhered to the
ARVO Statement for the Use of Animals in Ophthalmic and
Vision Research.

Animal Preparation

Animals were fasted for at least 12 hours before seda-
tion, and free access to water was allowed during this
time. An intramuscular injection of ketamine (20-25 mg/kg)
and xylazine (0.2-0.4 mg/kg) was administered while the
animals were gently restrained in their home cages. After
transporting them to the imaging laboratory, they were
placed on an imaging table over a waterbed heater, and
a subcutaneous injection of atropine sulfate (0.04 mg/kg)
was administered to minimize salivation and maintain their
heart rate. At this systemic dose, atropine does not cause
pupil dilation. Instead, pupils were dilated with 1% tropi-
camide, and an eyelid speculum was used to keep the eyes
open. Heart rate, blood pressure, and oxygen saturation
were monitored continuously for the duration of the experi-
ment. At the end of the imaging session, the effect of xylazine
was reversed with atipamezole (0.03 mg/kg). The animals
were then recovered in a temperature-controlled incubator
before returning to their home cages.

Ocular Biometry

An optical interferometric biometer (LenStar LS900; Haag-
Streit, Koeniz, Switzerland) was used to measure corneal
curvature, anterior chamber depth, lens thickness, and axial
length. These measures were obtained at a separate session,
nominally +3 weeks from the time of OCT imaging. Six well-
centered scans were acquired for each eye and averaged.
In addition to axial length correlations, biometry measures
were used to calculate individual transverse retinal scaling
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for OCT imaging. In brief, for each eye, a three-surface
schematic eye was constructed using the biometric data,
and transverse scaling was calculated (in pm/deg) using the
distance of the second nodal plane to the retina.’

Optical Coherence Tomography Imaging

Prior to imaging, a custom plano-powered, gas permeable
contact lens was placed on the cornea to maintain optical
clarity. OCT images were acquired using the small eye and
high-resolution settings (Spectralis; Heidelberg Engineering,
Heidelberg, Germany, central wavelength = 870 nm, 51.2 A-
scans/deg). Scans acquired included a 24-line 20 degrees
x 20 degrees radial scan and a 193-line 20 degrees x 20
degrees raster scan centered on the ONH, and a 193-line 20
degrees x 20 degrees raster scan centered on the macula.
Radial scans were acquired with b-scan averaging of 20
frames, and 9 frame averaging was used for both raster
scans. Only scans with signal quality above 30 decibels (dB)
were used for analysis.

Image Analysis

Scans were exported as “.vol” files and analyzed using
programs written in MATLAB. To minimize bias, b-scans
were segmented using neural networks trained on a
DeepLabv3+ network based on ResNet-50, details of which
have been previously published.?®-4! The output segmen-
tation for only the Bruch’s membrane opening (BMO) was
inspected for errors, and corrected as needed. Corrections
were made by a trained observer (author N.P.), who was
masked from the individual animal’s prior visual treatment
at the time of image analysis. Prior to morphological anal-
ysis, individualized transverse scaling using a three-surface
schematic eye was incorporated.

Each of the radial b-scans (Fig. 1A) was compensated for
light attenuation (Fig. 1B) prior to processing with the neural
networks (Fig. 1C).3% The BMO area was computed from
the best-fit ellipse to all identified BMO locations. For each
radial b-scan, the minimum rim width (MRW) was calcu-
lated as the average of all perpendicular distances from the
BMO to the inner limiting membrane (ILM). To accurately
represent the neural rim tissue, the MRW was confined to
locations inside the BMO. The BMO position was deter-
mined as the perpendicular distance of the BMO to a 4 mm
reference line aligned to the Bruch’s membrane (BM) and
centered on the BMO. Using the BMO as a reference, the
anterior lamina cribrosa surface (ALCS) position was deter-
mined for the central 50% of the 2 BMO points. Although the
posterior border of the lamina was visible in many sections
(see Figs. 1B, 10C), its thickness was not quantified due to
variability in visibility. Peripapillary choroid thickness (pCh)
was determined for a 500 to 1000 pm annulus from the
BMO. For each two-dimensional analysis, data from each b-
scan were weighted equally toward determining the average
thickness and position metrics.

Raster scans centered on the ONH were segmented using
a neural network that labeled the ILM, nerve fiber layer
(NFL), and BM.** The outer edges of the area devoid of
BM was marked as the BMO. The circumpapillary retinal
nerve fiber layer (RNFL) thickness was extracted from an
interpolated scan path 550 pym from the BMO, as previously
described (Fig. 2A).*> Using the BM segmentation as a refer-
ence, a 100-micron enface slab was extracted from the OCT
data to visualize any scleral crescent. When present, scleral
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Ficure 1. (A) OCT radial section through the center of the optic nerve with segmentation for the ILM, RNFL, and BM. The orange dashed
line illustrates the minimum rim width, and the white dasbed line is the 4 mm reference plane used to quantify BMO position. (B) B-scans
were compensated for light attenuation, prior to semantic segmentation using a neural network (C).

Scleral Cresent Total R

380

360

Ficure 2. (A) RNFL thickness map illustrating the 550 pm elliptical scan path used to quantify circumpapillary RNFL thickness. (B) Scleral
crescent, indicated in yellow, manually marked on an OCT slab projection from the same OCT volume as A. (C, D) Macula total retinal and
GCIPL thickness, with inner and outer elliptical bounds used for quantification.
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crescents were manually delineated, and the area was quan-
tified (Fig. 2B).

Macula scans were segmented to identify the BM, ILM,
NFL, and inner plexiform layer border. The center of the
fovea was manually marked, and an elliptical annulus with
an inner limit of radii 375 and 450 pm, and outer limit
of 1500 and 1800 pm were used to determine the aver-
age macula total retinal thickness (mTRT) and ganglion cell
inner plexiform layer (GCIPL) thickness (see Figs. 2C, 2D).
The annular region was selected to match that used for
human analysis of GCIPL thickness, scaled for nonhuman
primate eyes, which are approximately 0.75 the size of
human eyes.** The major retinal vasculature was included
with the NFL segmentation for consistency with optic nerve
scans. Hence, GCIPL thickness maps appear with focal thin-
ning in the regions with retinal vasculature (see Fig. 2D).

Data Analysis and Statistics

Only global metrics are used for OCT measures to mini-
mize false positive results from multiple comparisons. Least-
square linear regression was used to determine the asso-
ciation between right eye axial length and OCT quantified
measures. The initial analysis only included data from the
right eye, which are suitable for studying structure-axial
length correlation because their axial length spread over
a larger range than the left eyes. In addition to right eye
data, the interocular difference data (OCT structure and axial
length) were also assessed for statistically significant regres-
sions (P < 0.05). Because the two eyes of an animal are
genetically identical and the developments of their refractive
error are relatively independent, analysis of the interocular
difference should corroborate right-eye data by reducing the
influence of intersubject variability. Unless otherwise stated,
the mean =+ standard deviation are presented, along with
95% confidence intervals for regression data. All statistics
were performed using GraphPad Prism 9.5 (GraphPad Soft-
ware, LLC). The supplementary Excel file has data on each
animal’s OCT and axial length.

REsULTS
Axial Length

The right eyes (mean =+ standard deviation = 17.87 + 0.99
mm) were, on average, longer than the left (17.59 + 0.90
mm, paired #-test, P = 0.02), with the right eye minus the
left eye difference in axial length ranging from —1.7 mm to
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0.62 mm. Of the 26 animals, 14 had greater axial lengths in
the right eyes compared to the left eyes (>0.04 mm between
eye difference), 7 animals had greater axial lengths in the left
eyes, whereas the rest of the animals had less than 0.04 mm
between eye difference. The interocular differences in axial
length were consistent, with the majority of animals having
been previously reared with a right-eye myopic stimulus.

Right Eye OCT Metrics and Axial Length

Table 1 summarizes the linear regressions for each OCT
metric and axial length for the right eyes. The data show
that longer eyes have larger scleral crescents (R?> = 0.35, P
< 0.05), a larger BMO area (R?* =0.38, P < 0.05), with a more
anteriorly displaced lamina (R*> = 0.45, P < 0.05), and thin-
ner peripapillary choroid (R* = 0.21, P < 0.05). Although the
position of the lamina referenced to the BMO was related to
axial length, the relative position of the BMO was not corre-
lated with axial length (P = 0.91). Further, the correlation of
axial length with MRW and RNFL thickness was not statisti-
cally significant (P > 0.05). However, the macula total retinal
and GCIPL thicknesses were negatively correlated with axial
length (P < 0.05).

Interocular Differences

OCT metrics from the right and left eyes in normal control
animals are expected to be highly correlated. Hence, interoc-
ular differences (right eye data minus left eye data) of axial
length and OCT metrics in the experimental animals should
reflect the influence of axial elongation on ONH and retinal
morphology. Further, the axial length versus OCT morphol-
ogy slopes observed for the right eyes should be similar
for interocular differences if the transverse scaling meth-
ods are accurate. Only statistically significant OCT metrics
from Table 1 were assessed for this analysis. One animal
did not have radial scans for the left eye, so the analy-
sis was limited to the 25 animals with complete datasets.
The correlation of inter-eye differences in axial length and
OCT metrics was statistically significant for each measure,
other than for the peripapillary choroid thickness (P =
0.50). Further, the right-eye and inter-eye correlation slopes
were not statistically different for any of the metrics (P
> 0.57). Table 2 summarizes these inter-eye correlations,
and Figures 3 and 4 (ONH and macula data, respectively)
illustrate the right eye and inter-eye differences for the statis-
tically significant relationships in Table 1.

TaBie 1. Linear Regression of Axial Length and OCT Metrics

OCT Measure Slope (95% CI) Intercept (95% CI) R? P Value
BMO area, mm? 0.14 (0.06 to 0.22) —1.28 (—2.56 to 0.07) 0.38 <0.01"
BMO position, pm 0.9 (—=14.5 to 16.3) 42.1 (—2.7 to 0.07) <0.01 0.91
ALCS position, pm —41 (—60.2 to —21.8) 977.3 (633.2 to 1321) 0.45 <0.01"
Crescent, mm? 0.09 (0.04 to 0.14) —1.39 (=2.30 to —0.47) 0.35 <0.01"
pCh thickness, pm —4.1 (—=7.5to —0.8) 150.7 (90.7 to 210.7) 0.21 0.02"
MRW, um 0.9 (—12.2 to 13.9) 286 (52.8 to 519.5) <0.01 0.89
RNFL, pm —0.4 (—3.9 to 3.1) 126.3 (63.4 to 189.1) <0.01 0.80
mTRT, pm —5.5(=9.6 to —1.4) 425.3 (351.7 to 499) 0.24 0.01"
GCIPL, um —1.4(—2.8t0 0) 95.3 (70.2 to 120.3) 0.16 0.04"

ALCS, anterior lamina cribrosa surface; BMO, Bruch’s membrane opening; GCIPL, ganglion cell inner plexiform layer; MRW, minimum
rim width; mTRT, macula total retinal thickness; pCh, peripapillary choroid; RNFL, retinal nerve fiber layer.

*Slopes that were statistically significant.
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TaBLE 2. Linear Regression of Inter-Eye Differences of Axial Length and OCT Metrics

OCT Measure Slope (95% CI) Intercept (95% CI) R? P Value
BMO area, mm? 0.16 (0.11 to 0.20) —0.03 (—0.06 to 0.0) 0.70 <0.01"
ALCS position, pm —31.6 (—46.4 to —16.7) —1.7 (-11.1to 7.7) 0.46 <0.01"
Crescent, mm? 0.09 (0.01 to 0.16) 0.03 (—0.02 to 0.08) 0.21 0.02"
pCh thickness, pym 1.1 (-2.2to 4.4) —0.3 (-2.4t0 1.7) 0.02 0.50

mTRT, pm —5.4 (-89 to —1.9) —0.4 (2.6 to 1.8) 0.31 <0.01"
GCIPL, pm —1.6 (=2.6 to —0.7) —0.1 (0.7 t0 0.3) 0.35 <0.01"

ALCS, anterior lamina cribrosa surface; BMO, Bruch’s membrane opening; GCIPL, ganglion cell inner plexiform layer; mTRT, macula total

retinal thickness; pCh, peripapillary choroid.
" Slopes that were statistically significant.

DiscussioN

In primates, the retinal neurons and ocular morphology
continue to mature early in life.*~* During this period
of development and emmetropization, there is scleral shell
expansion, with associated changes in ONH and retinal layer
structure.’”:5%>! Myopia is a refractive condition that occurs
when the scleral shell expands beyond the refractive power
of the anterior segment and is linked to many ocular patholo-
gies, including glaucoma.?°-?” However, the pathophysiol-
ogy of this association remains elusive. Animal models may
aid in determining features of the ONH and macula inner
retinal thickness, which places some eyes at a higher risk
of glaucoma. In this experiment, using year old animals
with anisometropic axial elongation, we show that longer
eyes have a larger BMO with greater scleral crescent areas,
and a more anteriorly positioned lamina surface. Although
measures of the peripapillary nerve fiber layer and MRW
were not related to axial length, longer eyes had thinner
macula inner retinal thickness.

OCT morphometrics are typically analyzed for one eye, as
measures from the genetically identical fellow eye are highly
correlated.”® Several population studies in children show-
ing inter-ocular differences in OCT metrics, are often not
adequately corrected for ocular magnification.>>>* Hence,
to evaluate axial length-specific associations, in addition
to single eye analysis, we analyzed the interocular differ-
ence for significant relationships using ocular magnifica-
tion corrected measures. Such interocular differences are
commonly analyzed in refractive error studies to better iden-
tify the effects of monocular treatments, with the assumption
that eye developments in monocularly treated animals are
independent of each other. When applied to morphological
data, the interocular difference metric reduces the influence
of individual variability in structural dimensions and biolog-
ical development. Hence, the interocular difference agreeing
with the single, right eye, analysis further supports the idea
that scleral expansion alters posterior structure as measured
by OCT.

Human, in vivo OCT and cadaveric studies show that
during infancy, along with globe expansion, there is an
increase in the size of the ONH.!®51,5 The increase in ONH
size is linear in eyes with low to moderate myopia, but
becomes nonlinear in individuals with high myopia.'>>° The
monkeys in the current study did not have signs of patho-
logical myopia, and, hence, only the linear component was
realized for the relationship between BMO area and axial
length (see Figs. 3A, 3B). Although the size of the BMO
reflects on the underlying scleral opening,”” due to vari-
ability in visualization of the scleral canal, we were unable

to accurately quantify the scleral opening diameter for the
current study. Addition of this metric would have enabled
quantification of the relative positions of the ONH openings,
whose offset increases with axial length.>*-°° A morpholog-
ical feature related to opening-offset development is scleral
crescent,®! for which the distance from the temporal edge of
the crescent to the fovea is not related to axial length, but
the distance from the edge of the nerve to the fovea is.!?
In the primate model, based on manual delineation on an
OCT enface slab, the scleral crescent was linearly related to
axial length (see Figs. 3E, 3F). However, the development of
a scleral crescent in young rhesus monkeys is heterogenous,
with some animals not developing this feature, but having
large interocular differences in axial length (see Supplemen-
tary Data).

Although the size of the ONH has been hypothesized to
be a risk factor for glaucoma development, this has not been
substantiated, even in anisometropic eyes.®?~> However, in
addition to ONH enlargement, axial elongation is associ-
ated with thinning of the posterior pole sclera, peripapil-
lary scleral flange, and lamina cribrosa.®®-% As the scleral
canal enlarges with axial elongation, the lamina is thought to
become taught, and is anteriorly displaced. This is supported
by human studies showing that hyperopic eyes have a more
posterior lamina than myopia.!® Similarly, the right eye and
interocular difference data show that the lamina of longer
eyes have a more anterior ALCS position when referenced
to the BMO. However, the position of the BMO referenced
to the BM plane was not correlated with axial length. This
suggests that the anterior displacement of the lamina is likely
a reflection of radial rather than lateral strain. In fact, the
relationship between BMO area and ALCS position had a
negative slope and was statistically significant (R*> = 0.22, P
= 0.01, data not shown).

Although several features of the ONH were related to
axial length, the MRW and peripapillary RNFL thickness
were not, which is comparable to previous work in this
animal model.** Specifically, whereas the RNFL thickness
from standard circular 12 degree diameter scans is shown
to be negatively correlated with axial length, this was not
the case when lateral scaling was included, and scan paths
extrapolated from a fixed distance from the BMO.** These
findings are similar to human studies, which show that the
relationship between circumpapillary RNFL thickness scans
from 12 degree diameter circular scans and axial length
can be explained by ocular magnification.®*~"! As circum-
papillary RNFL thickness and MRW correlate with total reti-
nal ganglion cell axon count in the optic nerve,’? the data
suggest that axial elongation in these subjects did not result
in retinal ganglion cell loss. Hence, the results of the current
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Ficure 3. Right eye and interocular difference correlations with axial length and BMO area (A, B), ALCS position (C, D), Peripapillary
scleral crescent (E, F), and pCh thickness (G, H). Blue lines illustrate the 95% confidence interval for the slope of the function. ALCS, anterior

lamina cribrosa surface; BMO, Bruch’s membrane opening; pCh, peripapillary choroid.
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Ficure 4. Right eye and inter-eye difference correlations with axial length and mTRT (A, B), and GCIPL thickness (C, D). Blue lines illustrate
the 95% confidence interval for the slope of the function. GCIPL, ganglion cell inner plexiform layer; mTRT, macula total retinal thickness.

study suggest that stretching of axons from mild to moderate
axial elongation alone has minimal effect on retinal ganglion
cell content.

The relationship between choroid thickness and axial
length/refractive error has been extensively studied, show-
ing that longer or more myopic eyes have a thinner
choroid.”>=7° In these previous studies, choroid thickness is
most commonly measured in the macula region, where the
changes are influenced by axial length and other factors,
including, but not limited to defocus, age, medication use,
and time of day.”’~8® The relationship between axial length
and choroid thickness has also been reported for the peri-
papillary region,®* and, as with previous studies, the current
work suggests that longer eyes have a thinner peripapil-
lary choroid, although this relationship was not appreciated
when interocular comparisons were made (see Figs. 3G, 3F).
The latter likely reflects the larger variability of this measure
in comparison to the effect size for rhesus monkeys and
our relatively small sample size, as the relationship between
axial length and choroid thickness was also significant when
only left eye data were analyzed (R* = 0.50, P < 0.01,
plot not shown, see Supplementary Data File). Although
several studies show that choroid thickness is not decreased
in patients with open-angle glaucoma -5 it is thinner in
patients with peripapillary atrophy,®” and could be associ-
ated with vascular compromise to the ONH.

In addition to the ONH and peripapillary region, OCT
assessment of the macula region, including the inner retinal
thickness, provides valuable information on retinal ganglion

cell content in healthy and diseased eyes.?%% Although the
association has a lot of variability, with more significant
axial elongation, human studies suggest greater thinning
of the total retinal thickness in the periphery.>?°°! For the
macula region, whereas some studies show no relationship
with axial length, others suggest a negative correlation with
the nuclear layers, including the GCIPL, inner nuclear layer,
and outer nuclear layer3-%°2-%4 In the present study, both
total retinal and GCIPL thickness were negatively correlated
with axial length. The slope of the function was steeper
for total retinal thickness than GCIPL thickness, suggesting
greater outer than inner retinal thinning with axial elonga-
tion. Together with the ONH data, these findings suggest
that although axial elongation does not result in retinal
ganglion cell loss, the cell density is reduced in the macula
region.

The study has several additional limitations to those
already mentioned. The current data are cross-sectional
in nature, and longitudinal changes, as demonstrated in
other species, cannot be ascertained.”” Whereas both the
ONH and macula regions were imaged, widefield imag-
ing could provide added information on the extent of reti-
nal thinning with eccentricity with axial elongation. Due to
the limited number of subjects, sector-based analysis was
not performed for statistical reasons. Our laboratory has
reported on the repeatability of most OCT metrics used for
this study. However, in this cross-sectional study, we could
not assess repeatability of new metrics, including the cres-
cent area. Although assumptions can be made on cellular
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content, the study did not quantify retrobulbar axon counts
or retinal nuclear layer cell density. In addition, the study
did not induce a pathological state to determine if morpho-
logical differences in longer versus shorter eyes place them
at higher risk of disease. To address these limitations,
our future studies will include longitudinal data collection,
with glaucoma risk assessment when animals reach sexual
maturity.

CONCLUSIONS

In young rhesus monkeys, longer axial lengths were associ-
ated with a series of ocular morphological changes, includ-
ing larger BMO areas with a more anterior position of the
lamina. Whereas circumpapillary RNFL thickness and ONH
MRW were not related to axial length, the macula total reti-
nal and GCIPL thicknesses were thinner in longer eyes. The
associations were seen in right-eye only analyses, as well
as in interocular comparisons, and collectively they support
that axial elongation in developing eyes alters the posterior
eye morphology. Whether or not these changes contribute
to the onset and development of glaucoma remains to be
studied.
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