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Purrose. The optic nerve is part of the central nervous system, and interruption of this
pathway due to ischemia typically results in optic atrophy and loss of retinal ganglion cells. In
this study, we assessed in vivo retinal changes following murine anterior ischemic optic
neuropathy (AION) by using spectral-domain optical coherence tomography (SD-OCT) and
compared these anatomic measurements to that of histology.

Mernops. We induced ischemia at the optic disc via laser-activated photochemical thrombosis,
performed serial SD-OCT and manual segmentation of the retinal layers to measure the
ganglion cell complex (GCC) and total retinal thickness, and correlated these measurements
with that of histology.

Resurts. There was impaired perfusion and leakage at the optic disc on fluorescein
angiography immediately after AION and severe swelling and distortion of the peripapillary
retina on day-1. We used SD-OCT to quantify the changes in retinal thickness following
experimental AION, which revealed significant thickening of the GCC on day-1 after ischemia
followed by gradual thinning that plateaued by week-3. Thickness of the peripapillary sensory
retina was also increased on day-1 and thinned chronically. This pattern of acute retinal
swelling and chronic thinning on SD-OCT correlated well with changes seen in histology and
corresponded to loss of retinal ganglion layer cells after ischemia.

Concrusions. This was a serial SD-OCT quantification of acute and chronic changes following
experimental AION, which revealed changes in the GCC similar to that of human AION, but
over a time frame of weeks rather than months.
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At the human optic nerve head, 1.2 million axons!?
converge as they take a 90° turn to form the optic nerve,
which connect the retinal ganglion cells (RGCs) from the eye
with the visual areas of the brain. Optic nerve diseases,
including anterior ischemic optic neuropathy (AION), the most
common acute optic neuropathy in those older than 50
years,>% and glaucoma, the most common chronic optic
neuropathy in the world, result from axonal damage at the
optic nerve head and subsequent retrograde degeneration of
the RGCs. Different risk factors for optic neuropathies at the
optic nerve head include optic disc anatomy, blood supply,
intraocular and intracranial pressure-related phenomena, and

changes as a result of aging.>°

Acute events following AION have been studied in rodent
and monkey animal models using laser-induced photochemical
thrombosis of the optic nerve head.”"!! One day after AION
induction, the optic nerve head is swollen owing to ischemia,
edema, and inflammation. Apoptosis of the optic nerve
oligodendrocytes occurs within 6 days, followed by demyelin-
ation and optic atrophy.!°-12 RGC apoptosis occurs through
activation of the caspase pathway, and RGC loss and axonal
thinning are most evident 2 to 3 weeks after ischemia, shown
by stereologic histologic methods, transmission electron
microscopy, and scanning laser polarimetry.®-11-13-15

In addition to traditional morphometric measures, in vivo
imaging modalities such as optical coherence tomography
(OCT), which uses light interferometry to visualize retinal
layers and anatomic changes, have revolutionized the animal
and clinical studies of the eye.!®"!8 The high-resolution spectral-
domain optical coherence tomography (SD-OCT), also known
as the Fourier domain-OCT, can capture microstructures in the
rodent retina at up to 100 times the speed of the older time-
domain OCT. OCT has been used to approximate optic nerve
anatomy by measuring the thickness of the axons of the RGCs,
which reside in the retinal nerve fiber layer.'-22 In animal
studies, OCT has increasingly been used to track anatomic
changes of retinal and optic nerve diseases,'®23-2° including
Leber’s congenital amaurosis, retinal dystrophies,?”-?° optic
nerve crush,3%3! N-methyl-D-aspartate (NMDA)-induced retinal
ganglion cell loss,?? optic neuritis,>> ischemic optic neuropa-
thy,3%35 and different models of glaucoma.>3° In some studies,
OCT images are quantitatively or qualitatively comparable to
histologic sections at same time points.?7-29:32,33,3537 In
patients with AION, OCT measurements show that there is
acute swelling of the retinal nerve fiber layer and thinning of
the retinal nerve fiber layer within 3 to 6 months, which
correlate with visual field losses in both magnitude and
location.33-47 Recently, software improvement has made
possible the quantification of the thickness of the macular
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ganglion cell complex (GCC). This measurement has been
used clinically to approximate the loss of the RGCs in patients
with optic neuropathies.?!-48-50

Serial OCT measurements in patients are inconvenient, so
there are few serial OCT studies of patients with AION.40-41:43
In this study, we used OCT to visualize the progression of
experimental murine AION and compare our findings with that
of standard histologic methods and those of other optic
neuropathies.

METHODS

Animals

All animal care and experiments were performed in accor-
dance with the ARVO Statement for the Use of Animals in
Ophthalmic and Vision Research and with approval from the
Stanford University Administrative Panel on Laboratory Animal
Care. Adult wild-type C57BL/6 mice (Charles River, Wilming-
ton, MA) were housed in cages at constant temperature, with a
12:12 hour light/dark cycle, with food and water available ad
libitum. All procedures were performed under sedation,
achieved with intramuscular injection of ketamine 50 to 100
mg/kg (Hospira, Inc., Lake Forest, IL), xylazine 2 to 5 mg/kg
(Bedford Laboratories, Bedford, OH), and buprenorphine 0.05
mg/kg (Bedford Laboratories). The pupils of anesthetized mice
were dilated with 1% tropicamide (Alcon Laboratories, Inc.,
Fort Worth, TX) and 2.5% phenylephrine hydrochloride
(Akorn, Inc., Lake Forest, IL). Both eyes of all mice were
tracked before experiment (baseline) and for up to 6 weeks
after ischemia.

Experimental Murine ATION

We induced murine AION, achieved by photochemical
thrombosis, using a frequency doubled 532-nm Nd:YAG laser
(PASCAL; OptiMedica, Inc., Santa Clara, CA) as a source of
focused, low-intensity light. Rose bengal (1.25 mM in PBS, 2-3
nL/g body weight) was injected via tail vein, and the optic
nerve head was exposed to laser light (400-um diameter, 50
mW, 1-second duration, 15 spots), which resulted in visible
whitening of the optic nerve head.®'%1! For each animal, one
eye was lasered, and the contralateral eye served as control. We
have performed this injury model in hundreds of mice.

Fluorescein Angiography

After intravenous injection with fluorescein sodium (250 mg/
mL; Altaire Pharmaceuticals, Inc., Aquebogue, NY), we imaged
the retinal vessels by using confocal scanning laser ophthal-
moscope at 488 nm (Spectralis HRA+OCT instrument; Heidel-
berg Engineering, GmbH, Heidelberg, Germany). A 55-diopter
Digital High Mag lens (Volk Optical, Inc., Mentor, OH) was
mounted in front of the camera unit. Sequences of ART
Composite Images were obtained at 30° field of view centered
on the optic disc and averaged every 9 frames.

Spectral-Domain OCT

Serial SD-OCT scans were performed on 35 mice by using
Spectralis HRA+OCT instrument (Heidelberg Engineering,
GmbH). Circular scan (12° also known as the retinal nerve
fiber layer or “RNFL” scan) consisted of 1536 A-scans centered
at the optic disc with scan rate 19 Hz and average 16 frames
per B-scan). At least three scans were performed for each eye at
each time point, and the best image for each eye with the
clearest layer distinction was analyzed under masked condi-
tion. Images were manually segmented on the Spectralis to
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measure the thickness of the ganglion cell complex, a common
clinical marker tracking disease progression in glaucoma.3?5!
In this study, the GCC was defined as the combined thickness
of the nerve fiber layer, ganglion cell layer, and the inner
plexiform layer. Total retinal thickness of the sensory retina
was also manually segmented and included the nerve fiber
layer to the photoreceptor layer. Outer retinal thickness was
calculated as the difference between total retinal thickness of
the sensory retina and the GCC. Images were graded for quality
of scan, and only images with high signal strength index and
excellent image quality throughout the circular scan were
segmented. For both GCC and total retinal thickness, we used
the G or global measurement of thickness, which was the
average of the thickness of all quadrants. The number of images
analyzed was N =14 to 33 (mean, N=22) for GCC and 13 to 35
(average, 23) for total retinal thickness. The variation of N was
due to elimination of suboptimal OCT images from analysis or
loss due to euthanization for histologic analysis.

Histology

Following intracardiac perfusion (4% paraformaldehyde in PBS
for fixation), the globe and the optic nerve at baseline, day-1,
week-2, and week-4 after AION were dissected and prepared
for 1-um Epon-embedded sections and stained with toluidine
blue. A total of 35 eyes were analyzed. We performed structural
and quantitative analysis of photographs of the peripapillary
retina (identified by proximity to the optic disc) taken under
masked conditions by using a X10 objective using light
microscopy (Eclipse E1I000M; Nikon, Tokyo, Japan) equipped
with a camera (Infinityl; Lumenera Corp., Ottawa, Ontario)
and corresponding software. We manually measured the
thickness of each side of the peripapillary retina at 500 to
600 pm from the optic disc to obtain the thickness of the GCC
and the total retinal thicknesses of the sensory retina, using
ImageJ (United States National Institutes of Health, Bethesda,
MD). The same retinal sections in the posterior pole were used
to quantify the number of cells in the RGC layer, which was
performed under masked condition. We manually counted the
number of cell bodies in the ganglion cell layer per high-power
field in the posterior pole adjacent to the optic disc.®1° Of
note, the ganglion cell layer contains cell bodies of both RGCs
and displaced amacrine cells.

Statistical Analysis

Statistical significance was determined by using Wilcoxon rank
sum test (Prism 6; GraphPad Software, Inc., La Jolla, CA),
paired Student’s f-test for intragroup analysis, or unpaired
Student’s #test for intergroup analysis (Excel; Microsoft Office,
Redmond, WA). The Wilcoxon rank sum test and the Student’s
t-test showed similar P values throughout. The level of
significance was set at P < 0.05.

RESULTS

Optic Disc Swelling 1 Day After Ischemia

Immediately after experimental AION, there was visible
narrowing of the peripapillary vessels and whitening of the
optic disc. Fluorescein angiography within 30 minutes after
AION showed prominent staining of the optic disc due to
leakage of fluorescein (Fig. 1A), similar to the findings of
fluorescein angiography in human AION.>%>3 There was also
sometimes a delay in retinal perfusion, which resolved quickly
and was not seen at day-1 (not shown). The disc edema
correlated with swelling of the optic disc seen on histology on
day-1, which showed elevation of the optic nerve head and
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Ficure 1. Acute changes at the optic nerve head after ischemia. (A)
Representative fundus images of fluorescein angiography in control
(left) and AION eye (right) immediately after ischemia. (B) Represen-
tative horizontal 1-um Epon retinal sections through the optic nerve
head of control (left) and AION (right) eye 1 day after ischemia showed
swelling of the optic nerve head (*), which led to elevation, lateral
expansion, and wrinkling of the peripapillary retina. The sections were
counterstained with toluidine blue.

lateral displacement and wrinkling of the peripapillary retina
(Fig. 1B), similar to what has been reported in experimental
AION®10.11 and human AION.3-53

SD-OCT Measured Swelling of the GCC and Gradual
Thinning Over Weeks

We used SD-OCT as an in vivo, noninvasive imaging method to
monitor the retinal anatomic changes following experimental
AION. Since nerve fiber layer thickness could not be reliably
quantified in the mouse, especially after experimental AION,
we measured the GCC, which we defined in this study as the
retinal nerve fiber layer, ganglion cell layer, and the inner
plexiform layer (Fig. 2 and see Methods).3? One day after AION,
there was a 31% increase in GCC thickness (AION baseline:
76.9 £ 0.5 um, N=33; AION day-1: 100.4 = 1.9 um, N=14; P
< 0.0001) (Figs. 3A, 3B). This increase was significant
comparing AION and control eyes on day-1 (AION day-1:
100.4 = 1.9 um, N = 14; control day-1: 77.2 = 0.4 um, N = 30,
P < 0.0001). This optic disc swelling at day-1 was not seen
within 5 minutes following induction of ischemia (data not
shown) and was similar to what has been observed in
experimental and human AION.310

The swelling on day-1 after AION decreased gradually over
days and resulted in thinning over weeks. Comparing GCC
thickness, there was some persistent swelling at day-4 in
AION eyes (AION day-4: 79.7 £ 0.8 pm, N = 26; 103% of
baseline or 107% of control at day-4; P < 0.003 for both) and
no difference at week-1 (control week-1: N = 20; AION week-
1: N =16; P > 0.4 compared to baseline and control). At
week-2, the GCC in AION eyes was thinner (AION week-2:
71.4 £ 0.8 pm or 94% of control, N = 20; P < 0.0001). By
week-3, the GCC thickness in AION eyes reached a plateau
(AION week-3: 67.6 = 1.0 um or 89% of control, P < 0.0001),
and relatively little change was observed over weeks after
week-3.
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Total Retinal Thickness Also Showed Acute
Swelling and Chronic Atrophy

At day-1, we also observed thickening and blurring of the
sensory retina (measured from retinal nerve fiber layer to
photoreceptor layer) on circular scan of SD-OCT (Figs. 3A-C).
At day-1 following ischemia, there was 30% increase in total
retinal thickness compared to baseline (AION day-1: 263.8 *
4.4 um, baseline: 203.5 = 2.3 um, P < 0.0001) and control
eyes (control day-1: 202.9 = 1.9 um, P < 0.0001). Like GCC,
this thickening decreased gradually and resulted in atrophy
over weeks. At day-4, there was a significant 6% decrease in
total retinal thickness in the AION eyes compared with control
eyes (AION day-4: 188.3 = 2.9 um or 94% of control, P =
0.007). This thinning stabilized from day-4 to week-6, with
significant thinning of 91% to 95% in AION eyes compared
with control eyes (P < 0.005 for all data points after day-4).

Correlation Between GCC and Total Retinal
Measurements

Overall, there was good correlation between GCC and total
retinal thickness at different time points (Fig. 3D, R* = 0.63).
Looking at normalized data, GCC and total retinal thickness
swelled similarly at day-1 (Fig. 3E). The swelling in GCC then
thinned gradually and reached a plateau by week-3, while the
total retinal thickness reached plateau thinning by day-4. At
week-3, there was slightly more atrophy of the GCC compared
with that of total retinal thickness by 3.2% (Fig. 3E).

Although the GCC and total retinal thickness measurements
behaved similarly over time, this similarity was not driven
solely by changes in the GCC, which comprised less than half
of the total retinal thickness. There were also independent
changes in the outer retinal layers, calculated as the difference
between the total retinal thickness and GCC. Outer retinal
thicknesses also showed swelling on day-1 (increase by 41 pm,
P < 0.0001) in the AION group compared with that of the
control eyes and thinning on all subsequent time points (day-4:
decrease by 20 pm, P < 0.0001; week-1: 11 pm, P = 0.008;
week-2: 10 um, P = 0.04; week-3: 9 um, P = 0.06; week-4: 7
um, P = 0.01; week-6: 7 um, P = 0.001).

SD-OCT Retinal Thickness Measurements
Correlated With Histology

To validate changes we saw on SD-OCT, we performed
histologic measurements of GCC and total retinal thickness
on horizontal Epon retinal sections at the optic disc (Figs. 4A,
4B). Similar to SD-OCT, retinal histology revealed significant
increase in GCC thickness on day-1 after ischemia (AION day-1:
81.7 £ 0.8 pm, N=44, 106% of control eyes: 77.1 £ 1.0 um, N
=061; P=0.001) and postischemia thinning at 2 (AION week-2:
69.1 = 1.5 um, N = 30, 90% of control, P < 0.0001) and 4
weeks (AION week-4: 71.0 = 1.2 pm, N= 20, 92% of control, P
= 0.003).

On histologic sections from 1-day postischemia, total retinal
thickness also increased in the AION eyes (268.6 = 3.9 um or
18% increase compared with control eyes: 227.6 = 2.5 um, P=
0.001), similar to the SD-OCT result. Review of the peripap-
illary retina revealed this thickening was due to swelling,
lateral displacement, and waviness of the retina (Figs. 1B, 4C).
At week-2 and week-4, the swelling, lateral displacement, and
retinal waviness resolved. By week-2, there was no difference
between total retinal thickness of control and AION eyes
(control: 227.6 = 2.5 um, N = 61; AION week-2: 224.1 = 1.6
um, N=30, P=0.3; AION week-4: 231.9 * 2.9 um, N=20, P=
0.4). This relative lack of total retinal thinning in histologic
preparations of chronic AION eyes was different from the
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Ficure 2. We used SD-OCT to perform in vivo, serial measurements of retinal thickness changes. (A) Fundus photograph with superimposed 12°
circular scan (green line) centered on the optic disc. (B) Comparison of location matched, representative SD-OCT (/eft) and histology (right) images
in normal mouse retina. The bracket on the SD-OCT picture denotes the GCC. Histology sections were stained with toluidine blue. CC,
choriocapillaris; GCL, ganglion cell layer; INL, inner nuclear layer; IPL, inner plexiform layer; NFL, nerve fiber layer; ONL, outer nuclear layer; PR,
photoreceptor layer; RPE, retinal pigment epithelium.

slight thinning measured by SD-OCT, which may be related to Since AION leads to retrograde degeneration of RGCs, we
differences between in vivo and in vitro measurements, also quantified the number of RGC layer cells over time
changes in tissues during histologic preparation, or tissue (baseline N =61, day-1 N =44, week-2 N =30, 4-week N = 20).
changes that may have altered OCT measurements but not Compared with baseline, there was a gradual and significant
histology. decrease in the number of ganglion cell layer cells over 4
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Ficure 3. Serial SD-OCT measurements revealed significant retinal swelling on day-1 following AION and gradual thinning over weeks. (A)
Representative SD-OCT images at baseline, day-1, week-2, and week-4 after AION. (B) Line graph of GCC thickness over time showed that,
compared with control eyes, there was a significant increase in GCC in AION eyes on day-1 (AION: N = 14, control: N =30, P < 0.0001). There was
gradual GCC thinning in the AION group after day-1 with no difference at week-1 (AION: N = 16, control: N = 20, P = 0.4) and relative plateau by
week-3 (AION: N = 16, control: N =20, P < 0.0001). Mean N = 22 (range, 14-33 for all time points. *P < 0.0001. (C) Line graph of total retinal
thickness over time showed similar trends as that of GCC, with 30% swelling on day-1 (AION: N =23, control: N=27, P < 0.0001). There was rapid
thinning by day-4 (AION: N = 13, control: N= 17, P=0.007) and little change from day-4 to week-6. Mean N = 19 (range, 13-26) for all data points.
**P < 0.0001. (D) Correlation of SD-OCT total retinal thickness and GCC thickness at different time points (R? =0.63). There was increased swelling
at day-1 in both GCC and total retinal thickness (dashed box). (E) Line graph of normalized GCC and total retinal thickness at different time points
showed there was swelling at day-1 in both and different amount and speed of thinning over weeks.
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Ficure 4. Histologic changes in GCC and total retinal thickness after AION. (A) Representative 1-um Epon sections counterstained with toluidine
blue at baseline, day-1, week-2, and week-4 after AION. In the AION group, there was relative swelling at day-1 and thinning by week-2. (B) Bar
graph of GCC thickness on histologic sections over time showed increased thickness on day-1 after AION, compared to baseline (baseline: 77.1 *+
1.0 pm, N=061; AION day-1: 81.7 * 0.8 um, N =44; P=0.001) and thinning after AION at week-2 (69.1 = 1.5 pm, N=30; P < 0.0001) and week-4
(71.0 = 1.2 pm, N=20; P=0.003). (C) A bar graph of total retinal thickness on histology revealed swelling on day-1 (baseline: 227.6 = 2.5 um, N=
61; AION day-1: 268.6 = 3.9 um, N = 44; P=0.001) but no significant thinning at week-2 (224.1 = 1.6 um, N =30, P=0.3) and week-4 (231.9 =
2.9 pm, N=20, P=0.4). (D) The number of cells in the ganglion cell layer (GCL), representing both RGCs and amacrine cells, decreased over time,
with 18% fewer RGC layer cells on day-1 following AION, 39% at week-2, and 49% at week-4 (baseline N: 61, day-1: 44, week-2: 30, week-4: 20).**P <

0.001.

weeks (Fig. 4), similar to previous AION studies.'®!!-'4 There
was a gradual decrease in the number of ganglion cell layer
cells over time (decrease by 18.0% on day-1, N = 44; decrease
by 39.6% at week-2, N = 30; and decrease by 49.3% at week-4,
N=20; P < 0.001 for all time points). At 1 month after AION,
the loss of RGCs correlated well with thinning of the GCC as
seen on SD-OCT (R? = 0.74), showing that SD-OCT matched
histology in demonstrating the chronicity of events following
ischemic damage.

DiIscuUssSION

SD-OCT imaging in experimental AION revealed the entire
spectrum of anatomic changes following AION with significant
swelling on day-1 and gradual thinning over weeks that
plateaued at 3 weeks. These SD-OCT measurements were
corroborated by histology and correlated with gradual loss of
RGCs over several weeks in this and previous studies of
experimental ATON.'%1135 Histologic analysis also provided
further details on cellular changes associated with ische-
mia,'®!! including wrinkling of the retina due to swelling,
which significantly impacted the retinal thickness measure-
ments by SD-OCT.

This pattern of acute swelling and chronic atrophy in
murine AION is consistent with those reported for human
nonarteritic AION, although human studies often only assess
acute or chronic AION but not both. In three studies looking at
retinal nerve fiber layer changes after acute human AION, there
is a 96% to 160% increase in retinal nerve fiber layer thickness
in a total of 55 patients.“>415% In chronic AION, which is
typically defined as 5 to 6 months after AION, there is a 32% to
53% thinning of the retinal nerve fiber layer, compared with
normal controls or the normal fellow eyes 3940444655 Three

OCT studies have performed serial measurements with data
for both acute and chronic human AION. In one study of 27
patients, there is a 93% thickening of the retinal nerve fiber
layer in acute AION, compared with the fellow eye, with
normalization of difference at 1.5 months and further thinning
to 39% at 3 months, 42% at 6 months, and 44% at 12 months.%!
In two studies of 16 eyes from the same group, there is a 97%
swelling acutely, normalization around 6 weeks,* and 34%
thinning chronically.“® Although the temporal pattern of
murine AION is similar to that of the human, the amount of
acute thickening and chronic thinning are relatively more
dramatic in human AION. In human AION, the time course is
also more protracted, with gradual thinning occurring over
months rather than the weeks seen in murine AION. Finally,
human AION often shows sectoral pattern of nerve fiber layer
and GCC changes, which correlate with the altitudinal visual
field defect.?%-324¢ This was not seen in this murine model of
AION because this model involved global optic disc ischemia,
and there are species differences in blood supply to the optic
nerve head.>® Although human histologic data are relatively
lacking in AION, thinning of retinal nerve fiber layer in human
AION correlates well in structure-function comparisons of
impaired visual acuity and loss of visual field measure-
ments,39-41,44-46

In humans and rodent studies, SD-OCT measurement of
retinal layers is an approximation of the actual RGC axon loss
since the retinal nerve fiber layer contains glia and blood
vessels, which may undergo concomitant changes related to
ischemia. This retinal thickening in acute AION is likely due to
ischemia-induced stasis of axoplasmic flow, which leads to
increased water content within axons, accumulation of
intracellular organelles, disruption in microtubules, and
postischemia inflammation, rather than from swelling of the
retinal ganglion cell axons alone.'>43 Consistent with this idea,
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there was swelling of the entire retinal layer in the
peripapillary area in our study, which may be related to
neighboring effects of optic nerve head ischemia on all
surrounding tissue combined with wrinkling of the retina,
which occurs following different causes of optic disc edema.
Primate models of AION induce optic disc edema from
ischemia, and this swelling increases initially and persists for
2 to 3 weeks,>” suggesting that the edema results in
compression of initially spared axons, causing secondary
axonal defects. Tissue edema and hemorrhage are seen for
up to 1 week post ischemia, consistent with reperfusion injury.
Increased SD-OCT thickness can also be partly due to early and
persistent inflammatory response, increased glial activation,
and recruitment of macrophages to the ischemic optic nerve
from day 3 to day 35 postinjury.>®>® Chronically, thinning on
SD-OCT measurements correlated better with histology and
loss of RGC layer neurons, although thickness measurement
alone does not tell the whole story. In patient eyes with no
light perception from various optic neuropathies for at least 1
year, the retinal nerve fiber layer thinning is only approximate-
ly 50%.6°

Comparison of SD-OCT studies of ischemic versus nonisch-
emic experimental optic neuropathies reveals some interesting
similarities and differences in the pattern of retinal changes.
After optic nerve crush, SD-OCT reveals an initial swelling of
the total retinal layers similar to what we observed after
ischemia, although this swelling normalized rapidly by day-5.3°
This transient swelling may be produced by an initial
inflammatory process that resolves as the injury heals,
although it may also be from extrusion of the optic nerve
head anteriorly during the mechanical crush. SD-OCT study of
experimental optic neuritis revealed no swelling on day-1,
indicating that inflammation in the more posterior optic nerve
does not necessarily cause nerve fiber layer swelling.??
Following NMDA-induced excitotoxic RGC death, SD-OCT
measures a 10% swelling of the GCC at day-1, which can be
attributed to inflammation.®! At the same time point, 90% of
RGCs are undergoing apoptosis,>? so SD-OCT measurement of
retinal thickness also does not correspond to RGC loss and
optic nerve thinning in the acute phase of NMDA-induced
optic neuropathy.

Similar to our study, others have shown that OCT correlates
with histologic measurements of the RGC loss and optic
atrophy in chronic optic neuropathy. On day-14 after NMDA-
induced optic neuropathy, there was thinning of SD-OCT,
which correlates with 80% RGC loss.>? At different time points
following experimental optic neuritis and optic nerve crush,
decreased retinal nerve fiber layer thickness correlates with
histologic thinning and presence of inflammation.>%3> Other
studies examining OCT versus histology thickness measure-
ments for different retinal layers find good correlation between
the two methods in wild-type mice and various models of
retinal dystrophies.?”-29:92 These findings suggest that SD-OCT
can accurately distinguish retinal layers and measure layer
thicknesses comparable to histologic methods in both healthy
and chronic optic nerve and retinal conditions.

OCT imaging of retinal anatomy has certain advantages,
compared with the traditional histologic studies, because OCT
allows noninvasive examination of the same animals at
different time points to assess morphologic changes in the
retina during progression of diseases.?*%3> The process in
histology of fixing, freezing, sectioning, and staining, among
others, can be potential sources of error, and animals must be
euthanized for analysis.®* Usage of the SD-OCT can therefore
minimize sources of error due to tissue handling, reduce the
number of experimental animals needed for a study, which
confers both ethical and financial benefits, and allow in vivo
monitoring of the same animals over time.
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While our OCT study of murine AION highlights the
importance of the SD-OCT as a tool to track morphologic
changes in experimental optic neuropathies, animal OCT
studies have some inherent limitations and should complement
rather than replace traditional histologic and functional
measures at this time. In our study, a significant percentage
of RGCs were already lost before the beginning of significant
retinal thinning at week-2. This discrepancy between the SD-
OCT data and RGC number during the evolving phase of
disease results from the relatively low resolution of SD-OCT
technology for changes related to optic neuropathies. Current-
ly, SD-OCT has difficulty quantifying anatomic changes specific
to RGCs in mice because the retinal nerve fiber layer does not
possess sufficient signal contrast to be distinctly separated
from its neighboring layers, especially following experimental
optic neuropathy. SD-OCT is also relatively insensitive to
changes from a small number of retinal neurons in general.
Finally, the relative lack of commercially available software for
manual segmentation means data analysis is labor-intensive and
potentially subject to greater variability introduced by the
operator. We are hopeful that continued development of the
OCT technology means these obstacles will be overcome in the
near future.
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