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Abstract

Purpose—To compare the effect of elevated intraocular pressure (I0OP) on retinal capillary filling
in elderly vs adult rats using optical coherence tomography angiography (OCTA).

Methods—The I0OP of elderly (24-month-old, N = 12) and adult (6-8 month-old, N = 10) Brown
Norway rats was elevated in 10 mmHg increments from 10 to 100 mmHg. At each I0OP level, 3D
OCT data were captured using an optical microangiography (OMAG) scanning protocol and then
post-processed to obtain both structural and vascular images. Mean arterial blood pressure (MAP),
respiratory rate, pulse and blood oxygen saturation were monitored non-invasively throughout
each experiment. Ocular perfusion pressure (OPP) was calculated as the difference between MAP
for each animal and IOP at each level. The capillary filling index (CFI), defined as the ratio of area
occupied by functional capillary vessels to the total scan area but excluding relatively large vessels
of > 30 um, was calculated at each IOP level and analyzed using the OCTA angiograms. Relative
CFI vs I0OP was plotted for the group means. CFI vs OPP was plotted for every animal in each
group and data from all animals were combined in a CFI vs OPP scatter plot comparing the two
groups.

Results—The MAP in adult animals was 108 £ 5 mmHg (mean+SD), whereas this value in the
elderly was 9945 mmHg. All other physiologic parameters for both age groups were uniform and
stable. In elderly animals, significant reduction of the CFI was first noted at IOP 40 mmHg, as
opposed to 60 mmHg in adult animals. Individual assessment of CFl as a function of OPP for
adult animals revealed a consistent plateau until OPP reached between 40 — 60 mmHg. Elderly
individuals demonstrated greater variability, with many showing a beginning of gradual
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deterioration of CFI at an OPP as high as 80 mmHg. Overall comparison of CFl vs OPP between
the two groups was not statistically significant.

Conclusions—Compared to adults, some, but not all, elderly animals demonstrate a more rapid
deterioration of CFI vs OPP. This suggests a reduced autoregulatory capacity that may contribute
to increased glaucoma susceptibility in some older individuals. This variability must be considered
when studying the relationship between 10P, ocular perfusion and glaucoma in elderly animal
models.
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Retinal capillary blood flow; Intra-ocular pressure; Ocular perfusion pressure; Optical coherence
tomography; Optical microangiography

INTRODUCTION

Glaucoma, the second leading cause of blindness in the world (Bourne et al., 2016), involves
both structural and functional damage to the axons of the optic nerve head (ONH) and their
retinal ganglion cells (RGC)(Quigley, 2011). Elevated intraocular pressure (I0OP), a widely
recognized risk factor for this disease, has long been considered to contribute to optic nerve
damage through biomechanical as well as vascular mechanisms (Liang et al., 2009; Roberts
et al., 2010; Yang et al., 2017). However, to date, the exact relationship between these two
mechanisms and their contribution to glaucomatous optic nerve damage is still unknown.

Age is another significant risk factor for glaucoma (Chrysostomou et al., 2010; Gordon et
al., 2002; Leske et al., 2003). Tissue changes that accompany advancing age have been
argued to contribute to glaucoma through biomechanical as well as vascular mechanisms
(Burgoyne, 2011; Coudrillier et al., 2012; Downs, 2015). Increases in stiffness of the
connective tissues of the ONH could alter biomechanical responses to elevations in IOP that
may increase axonal vulnerability. Additionally, age-related increases in laminar beam and
basement membrane thickness may retard nutrient delivery from capillaries to axons within
their nerve fiber bundles. Better understanding of these possibilities would benefit greatly
from improved insights into the effects of IOP on vascular perfusion and how these may be
affected by the aging process.

As a functional extension of optical coherence tomography (OCT), OCT angiography
(OCTA)(Wang et al., 2010, 2007) is a technology that can generate 3D images of dynamic
microcirculation within the whole retina without a need for contrast agents. Its high
resolution and label-free features make OCTA a useful tool for studying glaucoma for pre-
clinical as well as clinical studies. In earlier work, we used optical microangiography
(OMAG), an OCTA imaging method, to demonstrate comparable responses to elevated |IOP
in the retina and ONH(Zhi et al., 2012). However, this work used a 1300 nm-centered light
source that, while allowing penetration into the ONH, lacked the resolution needed to
visualize details of capillary beds. With subsequent improvements, including use of a central
wavelength of 840 nm, we later performed quantitative evaluations of capillary filling
responses to a stepwise elevation of 10OP, which allowed us to demonstrate, using 6 month
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old animals, preservation of retinal capillary bed filling down to an ocular perfusion pressure
of 40 mmHg, which we interpreted as a manifestation of autoregulation (Zhi et al., 2015).

In this study, we used OMAG/OCT to evaluate the effect of elevated IOP on retinal capillary
bed filling and compared the results obtained in young adult animals (age 6—8 months) to
elderly animals (age 24 months). Because of the close anatomic association between the
anterior optic nerve head and retinal vasculature (Morrison et al., 1999) and the comparable
responses to elevated IOP between these two vascular beds (Zhi et al., 2012), we believe that
observations acquired with this system have relevance for the glaucomatous process and how
vascular factors may contribute to this disease in the elderly population.

MATERIAL AND METHODS

System setup and animal preparation

The system setup used in this study has been previously described in detail (Zhi et al., 2012).
Briefly, it is a customized SD-OCT system using a super luminescent diode (SLD) light
source with central wavelength of 840 nm and the spectral bandwidth of 42 nm. The lateral
and axial resolutions are ~15 pm and 7.2 um, respectively. The total depth range is measured
to be ~2.5 mm in air, and is estimated to be about 1.85 mm in tissue. The power of the OCT
beam at the cornea is ~1.2 mW, providing a system sensitivity of ~100 dB. The phase
stability of the system was measured at ~4 mrad. Integrated with the system is an apparatus
used to alter IOP via anterior chamber cannulation with a tube connected to a reservoir filled
with balanced salt solution and to a calibrated pressure transducer.

To investigate the association between age and retinal capillary filling upon the elevated 0P,
we used 10 adult (6-8 month old) and 12 elderly (24-month old) Brown Norway rats in this
study. All protocols conformed to the Association for Research in Vision and
Ophthalmology Statement for the Use of Animals in Ophthalmic and Vision Research, and
were approved by the Animal Care and Use Committees of the Oregon Health and Science
University and the University of Washington.

The rats were first anesthetized with 5.0% inhalational isoflurane mixed with pure oxygen,
which was then reduced to 2.0 — 3.0% for the period of IOP elevation and data acquisition.
An active pump was employed to vent expired isoflurane and CO, (Zhi et al., 2015, 2012).
Rectal temperature was monitored continuously and maintained at 38°C with a recirculating
water pad. Arterial blood pressure was monitored by tail cuff manometry CODA (Kent
Scientific Corporation, Northwest Connecticut, USA). Other physiologic parameters,
including percent oxygen saturation of functional arterial hemoglobin, heart rate, respiratory
rate, and pulse and respiratory distention were monitored continuously during each
experiment via a rat foot sensor and MouseOxPlus Oximeter (STARR Life Sciences
Corporation, Oakmont, PA, USA).

The animal was positioned on a platform with six degrees of adjustment to facilitate the
proper positioning under the OCT system. The pupil of the right eye was dilated with 1%
tropicamide (Bausch & Lomb Inc.), and 0.5% proparacaine hydrochloride instilled for added
corneal anesthesia. Following an initial 31 gage needle track through the peripheral cornea,
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the anterior chamber was cannulated with a 1 inch long polyurethane tubing with inner and
outer diameters of 0.005 and 0.010 inch, respectively (Instech laboratories, Plymouth
Meeting, PA). This cannula was connected via a larger polyurethane tubing (Component
Supply Co.) to a reservoir filled with balanced salt solution (Morrison et al., 2016; Zhi et al.,
2012) (BSS Plus, Alcon Laboratories Inc.) and to a calibrated pressure transducer, which
was calibrated against an external manometer at the beginning of each experiment and IOP
was monitored periodically using a TonoLab tonometer (Icare Finland Oy, Espoo, Finland).
This entire system has also been separately tested to confirm that inflow pressure determined
by this transducer delivers the indicated intraocular pressure using a separate cannula and
transducer (Morrison et al., 2016). Topical BSS was applied intermittently to maintain
corneal hydration throughout the course of each experiment. By adjusting reservoir height,
IOP was increased from 10 to 100 mmHg in 10 mmHg increments, and then lowered to 10
mmHg directly. Following a 2-minute interval at each IOP level for stabilization, an OMAG
data volume was captured for later processing to determine 3D retinal structure and
microvascular filling.

OMAG data acquisition

Each data volume was captured using our OMAG scanning protocol (Wang et al., 2010; Zhi
et al., 2012), which provided a field of view of 2.2x2.2 mm? (approximately 32°) over the
fundus that includes the ONH. The protocol performed raster scanning of the probe beam. In
the fast scanning axis, 512 A-lines were captured to form a B-frame (2D cross-sectional
image). The B-frame was repeated 8 times at each spatial position. In the slow scanning
axis, there were 400 equally spaced positions. Altogether, 3200 B-frames were captured for
each 3D scan. For imaging, the frame rate of the system was 250 Hz, i.e. 250 frames per
second (fps). Therefore, ~13 seconds were required to capture each 3D data volume for later
data processing.

Microvascular imaging and capillary filling index

The 3D raw data were post-processed to generate two OCT volumes by using the OMAG
algorithm (An et al., 2010a; Wang et al., 2010; Yousefi et al., 2011), one of which represents
tissue structure, the other retinal vasculature. Briefly, at each spatial position (i.e. cross-
section), the phase-compensation algorithm (An et al., 2010b) was applied to the eight
repeated B-frames to minimize motion artifacts; then the complex signals were subtracted
between adjacent B-frames, and consequently averaged to obtain final OMAG cross-
sectional blood flow images. The 3D vascular image was obtained by processing the data
volume at all the 400 positions. In parallel, OCT structural image was also obtained as the
conventional OCT approach, but with improved signal to noise ratio since 4-repeated B-
scans are available for averaging due to the OMAG scanning protocol.

To better quantitate the microvascular response to elevated IOP, we first used a semi-
automated retinal layer segmentation software (Yin et al., 2014) to separate the retinal layer
from the choroidal layer through identifying the anterior surface of the retina, i.e., inner
limiting membrane (ILM), and retinal pigment epithelium (RPE) in the 3D structural image.
Then the resulting segmentation was directly applied to 3D blood flow images to obtain a
microvascular image representing the retinal perfusion image. Maximum projection
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analyses, which detected the signal with highest flow intensity value along each A scan,
were performed within the segmented retinal layer to generate vascular enface images for
retinal perfusion (Zhi et al., 2012) (Fig. 1A). To evaluate the capillary response to the IOP
elevation more accurately, large retinal vessels were discounted, using a previously
described method for large retinal vessel removal (Chen et al., 2016). In brief, a structural
enface image for the RPE was generated by averaging the structural signal within 10 pixels
above the detected RPE boundary for each A-scan. The high scattering and absorption
properties of blood within large retinal vessels give rise to vessel shadows or dark areas in
the regions below them. An adaptive local thresholding based on the method proposed by
Phansalkar et al.(Phansalkar et al., 2011) was applied to determine the threshold for each
pixel on the structural RPE enface image to generate a binary retinal vessel map, B(x,y),
representing relatively big retinal vessels of > 30 um (Fig. 1B).

Bla,y)= 1, if (z,y) is within vessel
)0, otherwise )

where (X, y) are the pixel coordinates of the enface image with Ax/ array pixels. A second
binary vessel map, Fig. 1C, was also generated by binarizing the image shown in Fig 1A
through multiscale Hessian filter together with localized thresholding (Chen et al., 2016) to
represent all the vessels presented in the OMAG image of Fig. 1A,

1, if(z,y)is within vessel

Alz,y)= { 0, otherwise @)

Finally the perfused capillary vessels within the scanned tissue region were obtained by
differentiating Fig. 1B from Fig. 1C to result in Fig. 1D. After the above vessel detection
steps, the capillary filling was calculated as a ratio of,

CFI: z(ly) A(m"y)iz(m?y) B(z,y)
N2 (o) BV ©)

which represents the retinal capillary response to the IOP elevation. In Equation (3), the
capillary filling is a measure of perfused capillary vessel index, and thus represents a unitless
ratio. For each animal, the capillary filling index (CFI) was measured at every elevated IOP
level, and normalized to baseline, i.e., when the IOP was set at 10 mmHg.

Total retinal thickness

In our previous work using 6 month old animals, retinal capillary beds were separated into
inner plexiform (IPL) and outer plexiform (OPL) capillary beds, and measurements were
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performed on each separately. (Zhi et al., 2015) In the current study, these two capillary beds
were difficult to separate in the elderly animals, which we suspected was due to retinal
thinning. The 3D OCT structural images obtained here provided an opportunity to compare
retinal thickness between young adult and elderly animals. After segmentation of the retinal
OCT images, a retinal thickness map could be produced (Fig. 2A). Representative OCT
images of the retinal cross-section (0.5 mm temporally away from the ONH) are shown in
Figs. 2B and 2C for adult and elderly rats, respectively, with red and yellow segmentation
lines marked for ILM and RPE, respectively. Qualitatively, the retinal thickness of the
elderly rat appears thinner than that of adult rat. Quantitatively, the average thickness along
the circumference with a diameter of 1.2 mm centered at the ONH (black circle in Fig 2A)
was evaluated for all 22 eyes. In evaluating retinal thickness, the effect of increased eye size
due to age on these values was compensated for, using the method of Lozano (Lozano and
Twa, 2013). These results are tabulated in Table | for adult and elderly animals, respectively.
Although not necessarily representative of retinal volume, retinal thinning in the elderly
animals as compared to adult rats, an approximately 40 um reduction, was statistically
significant (p<0.001).

Effects of elevated IOP on retinal capillary beds

Typical enface retinal microvascular images for adult and elderly rats at each 1OP level are
shown in Figure 3. Qualitatively, filling of the retinal microvasculature in adult rats appeared
to be less affected by 10P elevation than that of elderly rats. For instance, in the adult, an
obvious reduction in capillary filling did not begin until IOP reached 70 mmHg, whereas in
the elderly rat this reduction was first seen at an IOP 50 of mmHg. For both age groups,
capillary filling appeared to return to near baseline when the IOP was reduced from 100
mmHg to 10 mmHg.

To quantitate these effects, the capillary filling index described in Methods was evaluated for
each animal at every 10 mmHg increment. At each level, the average capillary filling index
of 10 adult rats and 12 elderly rats and the corresponding standard errors of the mean
(SEMs) were calculated separately and compared using a two-way ANOVA. The results
both age groups are presented in Fig. 4. A sigmoidal line best described the relationship
between IOP and CFI for both elderly (r2 = 0.95) and adult (r? = 0.96) animals. With IOP
elevation, the mean CFI for the elderly rats showed less resistance to elevated IOP than in
the adults. For these elderly animals, CFI began a significant decline from baseline when
IOP reached 40 mmHg, while in the adult group this did not occur until IOP 60 mmHg. The
reduction in CFI for elderly animals was significantly different (p< 0.05) than adult animals
at I0OP 50, 60, and 70 mmHg (shaded region in Fig. 4), with elderly rats exhibiting less
capillary filling at each of these pressures.

Comparison of the capillary density vs OPP between adult and elderly animals

Because systemic blood pressure can affect ocular perfusion (Zhi et al., 2012), we monitored
arterial blood pressure throughout each experiment. Using tail cuff manometry, we found
that systolic blood pressures in adult animals ranged from 80 to 129 mmHg (mean 108 + 5
mmHg). This is consistent with our previous findings in similar-aged rats of a MAP (mean
arterial pressure) of 102+4 mmHg determined by intra-arterial cannulation (Zhi et al., 2012),

Microvasc Res. Author manuscript; available in PMC 2019 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jiang et al.

Page 7

and with the experience of others who have found that tail cuff-generated systolic blood
pressure readings in anesthetized rats reflects MAP determined by femoral artery
catheterization (Bufiag, 1973; Bufiag and Butterfield, 1982; Lim et al., 2014). Capillary
density relative to baseline IOP was analyzed as a function of ocular perfusion pressure
(OPP), which we calculated as the difference between systolic blood pressure and IOP. On a
per-animal analysis, we found that there was an initial plateau in capillary density followed
by an abrupt decline in almost all adult animals (Fig. 5). The plateau in capillary filling
tended to persist until OPPs reached 40 — 60 mm Hg.

By contrast, systolic blood pressure in elderly rats ranged from 69 to 128 mmHg (mean 99
+ 5 mmHg), approximately 10 mmHg lower than in the adult group. Furthermore, the
relationship between OPP and capillary density in elderly animals displayed a different
pattern than that seen in adults. Most of the elderly animals did not have an initial plateau in
capillary filling, but instead showed a gradual decline in capillary filling with decreasing
OPP that in many cases began at an OPP above 60 mmHg, and in some as high as 80 mmHg

(Fig. 6).

When analyzed as a group, a sigmoidal curve still provided the best fit to characterize the
relationship between OPP and capillary density for both elderly (r2 = 0.76) and adult (r2 =
0.71) rats (Fig. 7). Although there was, in aggregate, a suggestion of a more gradual decline
in the elderly animals, there was no statistical difference between elderly and adult CFlI
versus OPP functions (P = .65; Fig. 7).

DISCUSSION

In a previous study (Zhi et al., 2015) we used OMAG in 6 month old rats to determine how
retinal capillary filling responds to acute elevation of IOP. We found that retinal capillary
filling was relatively preserved until perfusion pressure fell below 40 mmHg. Taken as a
measure of autoregulation, this relationship was sustained even in the face of reduced
systemic blood pressure, such that the IOP threshold for reduction in retinal perfusion was
reduced by an amount equal to the change in systemic blood pressure. Thus, in young adult
animals, autoregulation appeared to be preserved down to a perfusion pressure of 40 mmHg.
Given the high prevalence of glaucoma in the elderly population (Gordon et al., 2002; Leske
et al., 2003), and the potential contribution of vascular factors to the pathogenesis of
glaucoma (Chen et al., 2017; JS, 2015), we sought to extend these studies to elderly
individuals.

Looking at capillary filling in adult and elderly animals solely as a function of IOP, (Figs. 3
and 4), it is clear that perfusion is affected by increased IOP in both groups. Interestingly, in
elderly animals, significant reductions in CFI initially occurred at an 10P of 40 mmHg,
whereas in the adult group IOP had to reach 60 mmHg before CFI began to decrease
significantly. Thus, a given 0P appears to have an approximately 20 mmHg greater effect
on CFl in older animals.

It is known that isoflurane and other inhalational anesthetics can lower systemic blood
pressure to a greater degree in older individuals (Dwyer and Howe, 1995; Hoffman et al.,
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1982; McKinney et al., 1993). This leaves open the possibility that reduced blood pressure
might explain the observed difference in CFI response to IOP(He et al., 2012; Liang et al.,
2009; Zhi et al., 2015). However, in the current study, mean systemic blood pressure in
elderly animals (99 = 5 mmHg) was approximately 10 mmHg lower than in the adults (108
+ 5 mmHg). This is approximately half the observed effect of aging on capillary filling
threshold, and indicates that the heightened response of capillary filling to IOP seen in
elderly individuals likely results from factors other than systemic blood pressure alone.

Overall evaluation of capillary filling as a function of perfusion pressure failed to
demonstrate a significant difference between the two groups. (Figure 7) However,
examination of this relationship for individual animals in the adult group demonstrated a
generally uniform response, characterized by relatively little change in filling until OPP
reached 40-60 mmHg, after which filling decreased rapidly. This agrees with our previous
work in similar-aged rats (Zhi et al., 2015) and with a comparable observation in the optic
nerve head by Wang et al in adult rhesus macaques (Wang et al., 2014). By contrast, while a
few elderly animals exhibited a similar response, capillary filling in most demonstrated a
more gradual reduction, beginning in some animals with OPP’s as high as 80 mmHg. This
observation strongly supports the likelihood that autoregulatory capacity of retinal blood
vessels diminishes with age, but that the rate of this decline varies among individuals. We
believe that this variability contributes to the relatively little separation between the two
groups, when considered overall.

Autoregulation describes the capacity for vascular beds to dilate or constrict their resistance
vessels in order to maintain a relatively constant blood flow in the face of changing
perfusion pressure. In the retina, it is felt that these alterations rely primarily on local
vascular mechanisms (Harris et al., 1998; Pournaras et al., 2008). Changes in retinal vascular
endothelial cells, smooth muscle cells and pericytes have all been documented as part of the
aging process (Hughes et al., 2006; Scioli et al., 2014). These changes, which include
vascular wall thickening and deposition of extracellular matrix components, would be
anticipated to reduce the vasodilation and vasoconstriction required for normal
autoregulation to take place.

Consistent with these considerations, optic nerve head blood flow has been observed to
decrease with age in humans (Boehm et al., 2005), and vasoconstriction of retinal blood
vessels to a light stimulus has been shown to be reduced in elderly individuals (Kneser et al.,
2009). Kida, et al, studying elderly humans up to age 80, noted reduced nocturnal optic
nerve head and macular blood flow as compared to young 20-25 year-olds, despite a higher
ocular perfusion pressure (Kida et al., 2008). In rats, vasoconstriction in isolated retinal
arterioles to endothelin-1, a mediator of metabolic autoregulation, was demonstrated to be
reduced with age over 20 months (Maclintyre et al., 2012). In other work, Lim et al, studying
3- and 14-month old rats, did not find a significant difference in blood flow response
(determined by laser Doppler flowmetry) to a step-wise elevation in 10P between the two
age groups (Lim et al., 2014). However, the older group, termed “middle-aged” by the
authors, was significantly younger than the 24 month-olds used in our study. To our
knowledge our study is the first to evaluate capillary filling response to stepwise 10P
elevations using OCT angiography in elderly rats.
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This study presented us with several challenges for determining retinal microvascular
response in elderly animals, in addition to the above-noted increased inter-animal variability.
Initial attempts to perform OMAG on 28 month old animals were limited by poor signal
strength due to the presence of lens opacities, which necessitated the study of slightly
younger 24 month-old animals. It remains possible that, had we been able to study 28 month
old animals as originally planned, greater differences affecting more animals would have
been determined. Even though reduced lens opacity in the 24 month old animals did allow
visualization and quantification of retinal capillary beds, signal strength was still too weak to
allow simultaneous evaluation of total retinal blood flow, so this part of the analysis, which
was possible in our earlier study, (Zhi et al., 2015) could not be performed. An additional
complicating factor was that of reduced retinal thickness in the elderly animals (Figure 2),
which has been noted by others (Abbott et al., 2014; O’Steen et al., 1987; Shariati et al.,
2015). Because of this, a clear separation of the inner and outer plexiform capillary beds
from each other during segmentation was not possible, unlike in our previous study for 6
month old animals, which allowed us to perform detailed measurements on just the outer
plexiform capillary bed (Zhi et al., 2015). As a result, this study reflects total retinal
capillary blood flow and may explain subtle differences between the adult group and our
prior findings.

CONCLUSIONS

OMAG provides the opportunity to compare the response to elevated IOP between young
adult and elderly rats. As a function of 10P, capillary filling in elderly animals appeared to
diminish at relatively lower 10Ps than that in adults. While systemic blood pressure was less
in this elderly group, this did not fully explain this effect, which occurred out of proportion
to the reduction in blood pressure. Assessment of capillary filling as a function of perfusion
pressure revealed variability in response among elderly individuals. While some
demonstrated relative preservation of filling to an OPP down to approximately 40 mmHg, in
others filling deteriorated well above this level. These results are consistent with the notion
that reduced autoregulatory capacity may contribute to increased glaucoma susceptibility
among some, but not all, elderly individuals.
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HIGHLIGHTS

. Optical coherence tomography angiography is useful in investigating dynamic
retinal capillary filling in small animal models.

. Elderly individuals demonstrate greater sensitivity of retinal capillary filling
to elevated intraocular pressure than young adults.

. The relationship of retinal capillary filling to ocular perfusion pressure in
elderly individuals is variable.

. Some elderly individuals demonstrate less autoregulatory capacity than young
adults.
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Figure 1.
Sample images for major vessel removal and perfused capillary vessel extraction from the

scanned OMAG images. (A) retinal OMAG image of the scanned tissue; (B) detected large
retinal vessels of > 30 um; (C) Binary retinal vessel map obtained from (A); and (D)
Functional capillary vessel map within the scanned tissue region with large vessels removed.
White bar in (A) = 0.5 mm.
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Figure 2.
Retinal thickness measurements in adult and elderly rats. (A) Typical retinal thickness map

overlaid on the retinal structural map. The color bar indicates the thickness measured in
micrometers. (B) and (C) are representative OCT cross-sectional structural images for adult
and elderly rats, respectively. Mean total retinal thickness of each rat was calculated along a
1.2 mm diameter circle, marked in black in (A), centered on the nerve head. Red and yellow
lines in (B) and (C) indicate locations of the ILM and RPE, respectively. Scale bar = 0.25
mm
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Figure 3.

Typ
Top

ical retinal OMAG images obtained from rats subjected to progressive elevation of 10P.
panel: 6-month old, adult animal; and bottom panel: 24-month old, elderly animal.

Obvious change in capillary filling appears when the IOP is elevated above70 mmHg for
adults, whereas this threshold appears to be 50 mmHg for the elderly group. Scale bar = 0.5
mm.
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Figure 4.
Comparison of the effect of different IOPs on capillary filling between adult and elderly rats

by two-way ANOVA. Asterisks (*) indicate a statistically significant difference (p< 0.05)
from its baseline; The shaded region indicates that at IOP 50, 60, 70 mmHg the capillary
filling is significantly less for elderly than adult animals.
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Relationship between ocular perfusion pressure (OPP) and capillary density for all adult
animals. Notice the consistent plateau in capillary filling for OPPs greater than 40-60 mm

Hg.
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Figure 6.

Relationship between ocular perfusion pressure (OPP) and capillary density for all elderly
animals. Many elderly animals (e.g. Elderly rat #4) showed a gradual decline in capillary
filling with decreasing OPPs.
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Figure 7.

Comparison of the relative capillary density vs. ocular perfusion pressure (OPP) for adult (in
black) and elderly (in red) rat eyes.
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Mean retinal thickness evaluated in adult and elderly rats

Table 1

Age group | Mean retina thickness (um) | SD (um) | Lower 95% | Upper 95%
Adult 223.4 +10.3 217.8 228.9
Elderly 183.1 6.8 177.9 188.2

SD - standard deviation
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