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Introduction

Nonarteritic anterior ischemic optic neuropathy

Purpose: The purpose of this study was to investigate the correlations between
peripapillary choroidal thickness (PCT) and nonarteritic ischemic optic neuropathy
(NAION) by using semiautomated optic coherence tomography (OCT).

Methods: A total of 35 NAION eyes, 29 unaffected fellow eyes, and 40 eyes from an age-
matched control group were recruited. Enhanced-depth imaging OCT was performed
after the resolution of disc edema. PCT was measured using a customized semiauto-
mated MATLAB program. Regression models adjusted for multiple variables were used
to inspect the correlation between mean PCT and NAION.

Results: The mean PCT in NAION eyes, unaffected fellow eyes, and the control group
was 197.09 + 38.09, 196.52 + 38.47, and 153.53 &+ 29.92 um, respectively. The mean
PCT was significantly thicker both in NAION-affected eyes and fellow eyes compared
with the control group (P < 0.001). No significant difference existed between NAION-
affected eyes and unaffected fellow eyes. The PCT of the superior quadrant was signif-
icantly thicker than that of the inferior quadrant in all three groups. In the multivariate
logistic regression, PCT was the only predisposing factor for NAION. However, the value
of the PCT was not correlated with final visual outcomes.

Conclusions: With a semiautomated program to alleviate the missing measure-
ments, our study demonstrated significantly thicker PCT in both NAION-affected and
unaffected eyes of patients, which indicated that peripapillary pachychoroid is a predis-
posing factor for NAION but may not be a prognostic factor for visual outcomes.

Translational Relevance: Accurate measurement of PCT by using semiautomated OCT
illustrates the correlation between choroidal vasculature and NAION.

lary choroid. Vascular hypoperfusion is often cited as
the pathophysiology of NAION. However, evaluating
or quantifying blood perfusion through a traditional
technique or examination is difficult. Because of poor

(NAION) is the most common acute optic neuropathy
in aging populations.' * Patients with NAION present
with sudden onset of painless vision loss accompa-
nied by disc edema. Although the exact pathogenesis of
NAION remains unclear, a consensus cites the loss of
blood flow and vascular insufficiency in the optic nerve
head.?"

The short posterior ciliary arteries provide blood
supply to the optic nerve. The short posterior ciliary
arteries and their branches also supply the peripapil-

Copyright 2021 The Authors
tvst.arvojournals.org | ISSN: 2164-2591

signal resolution and the difficulties in evaluating layer
separation, measuring choroidal thickness is challeng-
ing. The novel advances of optical coherence tomogra-
phy (OCT) are successful in measuring and quantifying
the structures of the optic nerve head and peripapil-
lary choroid.*> Research has hypothesized that vascu-
lar circulation affects choroidal thickness.® Because of
the pathophysiology of NAION, the measurement of
peripapillary choroidal thickness (PCT) is critical in
diagnosis and prognosis prediction of NAION.
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As an ischemic disease, NAION has vascular risk
factors, such as diabetes mellitus (DM), hypertension,
ischemic heart disease, and arrhythmia.”-®* However,
predisposing factors predicting second-eye involve-
ment in patients with unilateral NAION have not been
identified. The Ischemic Optic Neuropathy Decom-
pression Trial reported that the incidence of NAION in
the fellow eye was 15% within 5 years after incidence in
the first eye.” The trial results concluded that DM and
poor visual acuity in the first eye were associated with
attack in the fellow eye.” PCT evaluation may be a more
successful approach to assessing optic nerve diseases,
including NAION, primary open-angle glaucoma, and
normal tension glaucoma.*8-1

Several studies have reported conflicting results on
macular choroidal thickness in NAION. Schuster et
al.'' and Garcia-Basterra et al.!> demonstrated thinner
subfoveal choroidal thickness in both the affected eyes
and unaffected fellow eyes of patients with NAION,
whereas Dias-Santos et al.!* reported a thicker choroid
in patients with chronic NAION compared with the
controls. Moreover, the choroid area near the optic
nerve head may be more closely related to NAION. As
a result, further studies have explored the association
of PCT with NAION. To date, three studies conducted
by Fard et al.,* Nagia et al.,'* and Ane Pefez-Sarriegui
et al.> reported thicker PCT in the affected eyes and
unaffected fellow eyes of patients with NAION. By
contrast, a study found that PCT in both eyes of
patients with NAION was thinner than that in the
control group.'> Conflicting results may be attributed
to different study protocols, measurement methods,
and patient populations. In this study, we investigated
the association between PCT and NAION by using
a customized MATLAB semiautomated measurement
program to address the limitations of manual segmen-
tation and missing measurements. We also explored the
influences of PCT on final visual outcomes.

This observational study adhered to the tenets
of the Declaration of Helsinki and was approved
by the Research Ethics Committee of National
Taiwan University Hospital (NTUH-REC No.
201409073RIND) and conducted at National Taiwan
University Hospital. From December 2014 to Decem-
ber 2020, 72 participants were recruited, including 32
patients with first-time NAION, and a control group
of 40 patients.

Patients with NAION who visited our neuro-
ophthalmology clinic were recruited. NAION was
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defined as the sudden onset of painless vision loss,
visual field defect, disc edema, and delay-disc filling
presenting in fluorescein angiography. The inclusion
criteria included NAION attack in at least one eye, a
follow-up period of more than 3 months, no evidence
of arteritic anterior ischemic optic neuropathy, and
normal levels of C-reactive proteins and erythrocyte
sedimentation rates. The exclusion criteria were the
diagnosis of retinal pathology, primary open angle
glaucoma, spherical equivalent greater than 4+ 6.0
diopters, axial length greater than 26 mm, and a
previous intraocular operation except cataract surgery.
The exclusion criteria were developed to omit condi-
tions that may influence choroidal hemodynamics or
choroidal thickness. Healthy controls were recruited
from patients who visited the clinic for routine eye
examinations without ocular diseases.

For each participant, we performed comprehen-
sive history-taking and ocular examinations, which
included best-corrected visual acuity and slit-lamp
evaluations and fundoscopies. Detailed information,
including age, gender, systemic diseases, such as
DM and hypertension, the onset of NAION, and
visual acuity, were recorded. Fluorescein angiography
was also conducted to confirm NAION diagnoses.
Axial length was measured with laser interferomet-
ric biometry (Lenstar LS900; HAAG-STREIT AG,
Bern, Switzerland). Visual field tests were performed
using Humphrey automated perimetry (Humphrey
7401 Visual Field Analyzer; Carl Zeiss Meditec, Dublin,
CA, USA).

All participants underwent choroidal imaging with
spectral-domain OCT (SD-OCT, RTVue RT-100;
Optovue Inc., Fremont, CA, USA). Patients with
NAION received OCT examinations after disc edema
resolution and within 1 year of disease onset. We
obtained cross-line images of the peripapillary retina
and choroid along an 8-mm line passing through the
central area of the disc. Two sets of images for each
disc (X-Y axis with 0 degrees and 90 degrees) and
oblique axis (45 degrees and 135 degrees) were captured
to retrieve the peripapillary cross-sectional structures
in eight directions. Images with a signal strength index
lower than 50 were excluded from the analysis.

We developed a customized MATLAB script for
semiautomated measurement of the PCT by conduct-
ing the automated calculation with eight-direction
peripapillary cross-line scans. OQur previous study
detailed the protocols and procedures.!” First, we
retrieved the four raw images (8 directions) from the
OCT files (Fig. 1a). All subsequent measurements were
completed by one reviewer (authors Y.T. Hou) and
rechecked by the second reviewer (author T.C. Chen).
The border between the choroid and retinal pigment
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Figure 1.
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Customized semiautomated MATLAB program assisting the measurement of peripapillary choroidal thickness (PCT). (A) High-

resolution optic coherence topography (OCT) image of the peripapillary retina with an 8-mm cross section. (B) We inscribed the yellow line
along the retinal pigment epithelium as the reference curve and then drew along the contour of the choroid. The area of the choroid is
shown in green. Red lines were automatically produced at fixed 1-um intervals and represent the auxiliary lines perpendicular to the yellow
reference curve. (C) Magnified view of B. The auxiliary red lines were used for calculating the choroid thickness at high spatial density.
(D) The calculation of PCT was composed of four cross-line images that cover eight regions of the eye. Warm colors represent a thicker
choroid and cool colors represent a thinner choroid. (E) A full circle of PCT was estimated with the spline interpolation of the data shown

inD.

epithelium was lineated using a free-hand region of
interest tool. In an automated process, the reference
curve was marked parallel to Bruch’s membrane, which
enabled the choroid thickness to be measured verti-
cal to the retina (see Figs. 1b,c). Choroidal thickness
was calculated by combining four cross-line images
representing eight directions of the eye (0 degrees,
45 degrees, 90 degrees, 135 degrees, 180 degrees, 225
degrees, 270 degrees, and 315 degrees; see Figs. 1d,e).

We divided participants into 3 groups to conduct
analysis: (1) affected eyes in patients with NAION, (2)
unaffected fellow eyes in patients with NAION, and
(3) age-matched normal controls. Continuous variables
were analyzed using Student’s ¢-test, and categorical
variables were examined using a chi-square or Fisher’s
exact test. Univariate and multivariate logistic regres-
sion analyses were performed to investigate the predis-
posing factors of NAION. Multiple linear regression
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was used to estimate the prognostic values of differ-
ent variables in the visual outcomes of patients with
NAION. A P value of < 0.05 indicated statistical signif-
icance. Statistical analyses were conducted using SPSS
version 25 (IBM SPSS, Armonk, NY, USA).

The study recruited 32 patients for the NAION
group, which included 3 patients with bilateral disease.
The mean period between disease onset and OCT
examination was 142 days (with a range of 34 to 289
days). Patients with insufficient follow-up periods or
inadequate OCT imaging quality were excluded from
the study. The age-matched control group included 40
participants. The average age of the NAION study
group was 59.97 + 8.27 years. The mean age of partici-
pants in the control group was 59.08 & 14.92 years. The
average axial length was 23.8 £+ 1.15 mm in the NAION
group and 24.1 4+ 1.03 mm in the age-matched control
group. Table 1 compares the demographic characteris-
tics of the NAION and age-matched control groups.
No significant differences existed in age distribution (P
= 0.762), gender (P = 0.316), axial length (P = 0.28),
and systemic diseases, such as hypertension (P = 0.638)
or DM (P =0.761).

As indicated in Table 2, the average PCT was 197.09
4+ 38.09 um in the affected eye of the patients with
NAION, 196.52 4+ 38.47 um in the fellow eye of the
patients with NAION, and 153.53 + 29.92 um in the
control group. The PCT in the affected or fellow eye
of all patients with NAION was significantly thicker

Table 1. Demographic and Clinical Characteristics of
the NAION Group and Age-Matched Control Group
NAION Control
Variables (N=132) (N =40) PValue
Age, years 59.97 +8.27 59.08 £14.92 0.762
Gender 0.316
Male 19 19
Female 13 21
Axial length, mm 2384+ 1.15 24.1+1.03 0.28
Hypertension 0.638
Yes 8 12
No 24 28
Diabetes mellitus 0.761
Yes 4 6
No 28 34

Data presented as mean = SD.
P < 0.05 was considered statistically significant.
NAION, nonarteritic anterior ischemic optic neuropathy.
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than that in the control group (P < 0.001) Conversely,
no significant differences in mean PCT existed between
the affected and fellow eye in the patients with unilat-
eral NAION (P = 0.174).

Furthermore, we investigated the average PCT in
the four quadrants (superior, inferior, temporal, and
nasal). Our results indicated that the PCT values in all
sectors were significantly thicker in both the affected
and fellow eye of patients with NAION than those
in the control group (all P < 0.005). Additionally, no
significant differences existed in the PCT values of the
four quadrants between the affected eye and fellow eye
in the patients with NAION. We also found that the
PCT of the superior quadrant was significantly thicker
than that of the inferior quadrant in NAION eyes,
fellow eyes, and control eyes (Fig. 2).

We conducted a regression to investigate the predis-
posing factors of NAION (Table 3). In the univariate
analysis, a diagnosis of NAION was positively associ-
ated with PCT (P < 0.001, odds ratio [OR] = 1.417, per
10 um, 95% confidence interval [CI] = 1.186-1.692),
and no significant associations existed with age (P =
0.759), gender (P = 0.317), axial length (P = 0.274),
hypertension (P = 0.638), or DM (P = 0.761). In
the multivariate analysis, we adjusted for age, gender,
and axial length. However, PCT remained significantly
associated with the diagnosis of NAION (P < 0.001,
OR = 1.426, per 10 pm, 95% CI = 1.187-1.714).
Furthermore, we investigated the relationship between
mean PCT and final visual outcomes, including visual
acuity and visual field (Table 4). After adjustments for
other variables, including age, gender, DM, hyperten-
sion, and axial length, no significant correlation existed
among the mean PCT, final visual acuity (P = 0.063),
and visual field (P = 0.804).

The choroidal vessel is vital in the nutrition and
circulation of the outer retina and optic nerve head.'®
The correlation between choroidal thickness and optic
nerve head diseases, such as primary open angle
glaucoma and other optic neuropathies and their
underlying mechanisms, should be further studied.®'°
Research has investigated the relationship between
glaucoma and the choroidal thickness and discovered
thinner choroids in patients with primary open angle
glaucoma and normal tension glaucoma, suggesting
that a smaller vessel lumen was a cause of and predis-
posing factor for glaucoma.'®

By contrast, our study indicated that PCT was
significantly thicker in patients with NAION than in
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Table 2. PCT in NAION Eyes, Unaffected Fellow Eyes, and Control Eyes

NAION N = 35 Fellow N =29 Control N =40 P Value
PCT, um Mean SD Mean SD Mean SD NAION vs. Fellow NAION vs. Control Fellow vs. Control
Mean 197.09 38.09 196.52 38.47 153.53 29.92 0.174 <0.001" <0.001"
Superior 199.43 36.73 200.03 47.63 167.17 37.03 0.323 <0.001" 0.002"
Inferior 187.73 4483 179.56 39.32 137.19 33.12 0.291 <0.001" <0.001"
Nasal 207.83 49.64 199.63 46.30 159.59 37.38 0.719 <0.001" <0.001"
Temporal 196.90 36.70 196.23 45.33 154.57 38.68 0.813 <0.001" <0.001"

P < 0.05 was considered statistically significant.

NAION, nonarteritic anterior ischemic optic neuropathy; PCT, peripapillary choroidal thickness.

250

200

150

100

50

Mean peripapillary choroidal thickness (um)

Inferior

Nasal

199.43

200.03

—+—NAION eyes
~=—Fellow eyes

—i—Control eyes

Temporal Superior

Locations

Figure 2.

Distribution of mean peripapillary choroidal thickness in four quadrants (nasal, inferior, temporal, and superior) of nonarteritic

anterior ischemic optic neuropathy (NAION) eyes, unaffected fellow eyes, and control eyes.

the healthy controls. Additionally, no significant differ-
ences existed in PCT between the affected and fellow
eyes of patients with NAION. This phenomenon was
observed in all four quadrants. These results are consis-
tent with the findings of Fard et al.,* Nagia et al.,'*
and Ane Pefez-Sarriegui et al.,> who indicated that
PCT was thicker in both eyes of patients with NAION.
Consequently, thicker PCT may be a risk factor for
NAION. Additionally, our findings suggest that PCT is
a contributing factor for as opposed to a consequence
of ischemic events.

Studies have reported smaller disc areas and small
cup—disc ratios in the fellow eyes of patients with
NAION."!7-18 Our results indicate that thicker PCT
was a predisposing factor for NAION. Both small disc
and choroidal thickening increase the risk of NAION
attack. Thicker choroidal thickness, as well as greater

choroidal volume within the small disc and narrow
cup, crowd the peripapillary vessels, which leads to
an ischemic event. After ischemia occurs, the swelling
of the optic nerve head reduces choroidal circula-
tion. These symptoms worsen continually through the
course of NAION.

Furthermore, we found that among the four
quadrants, the PCT of the inferior quadrant was the
thinnest. This asymmetrical distribution was consis-
tent with past studies.*!>-!° The PCT of the superior
quadrant in all patients with NAION was thicker
than that of the inferior quadrant. Research has
concluded that altitudinal visual field defect is a typical
feature of NAION and that altitudinal visual field
defect is more common than superior defect.!-!” These
findings indicate relative vascular insufficiency in the
superior vascular network. Thicker PCT in the superior
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Table 3. Statistical Analysis of Potential Predisposing Factors for NAION

OR 95% ClI P Value in Simple Regression Adjusted OR 95% ClI P Value in Multivariate Regression
Age, Years 1.006 (Per Year of Age) 0.968-1.045 0.759 1.022 (Per Year of Age) 0.972-1.074 0.389
Gender

Male 1 (reference) 1 (reference)

Female 1.615 0.631-4.134 0317 0.533 0.177-1.722 0.307
AXL, mm 0.783 0.505-1.214 0.274 0.930 0.546-1.585 0.790
Hypertension

Yes 1.286 0.451-3.665 0.638

No 1 (reference)

DM

Yes 0.810 0.208-3.155 0.761

No 1 (reference)

Mean PCT, 10 um 1.417 (per 10 pm) 1.186-1.692 <0.001" 1.426 1.187-1.714 <0.001"

“P < 0.05 was considered statistically significant.

NAION, nonarteritic anterior ischemic optic neuropathy; AXL, axial length; DM, diabetes mellitus; PCT, peripapillary

choroidal thickness; OR, odds ratio; Cl, confidence interval.

Table 4. Multiple Linear Regression Analysis of Potential Prognostic Factors Associated With Visual Outcomes

Visual Acuity (LogMAR) Visual Field, dB
Regression Coefficient Standard Error P Value Regression Coefficient Standard Error P Value
Age, years 0.012 0.017 0.504 0.021 0.212 0.921
Gender, male/female -0.403 0.277 0.157 -0.173 3.467 0.961
AXL, mm -0.004 0.122 0.975 1.772 1.741 0.318
Hypertension 0.337 0.381 0.383 9.362 4.936 0.069
DM -0.064 0.314 0.839 -4.773 4.061 0.254
Mean PCT, um -0.007 0.003 0.063 0.010 0.041 0.804

LogMAR, logarithm of a minimum angle of resolution; AXL, axial length; DM, diabetes mellitus; PCT, peripapillary choroidal

thickness.

quadrant may compress the vessel, increase the risk
of compartment syndrome, and render the optic nerve
more vulnerable to changes in choroidal blood supply.

Our automated MATLAB program succeeded in
calculating the choroidal thickness and investigat-
ing the relationship between the vascular perfu-
sion and choroidal thickness proposed in our past
research.’” We used the MATLAB program to retrieve
the choroidal thickness in eight-directional cross-
sectional images. First, we reduced bias through
continuous calculation. Second, high-resolution OCT
cross-sectional images strengthened the measurement
accuracy. Third, we defined the reference lines paral-
lel to Bruch’s membrane, which eliminated the errors
from the choroid curvature and segmentation. The
two-dimensional images along eight directions were
turned into three-dimensional topographic images by
using the spline interpolation through the MATLAB
program. Applying this MATLAB program enabled
us to analyze the peripapillary choroid structure
accurately.

Research has reported that PCT is influenced by
multiple variables, such as age,”!»?*> axial length,?! %3
and DM.?? Therefore, we included these factors in
the multivariate regression model, and only PCT was

associated with the development of NAION (OR =
1.426, per 10 um, P < 0.001). The difference of mean
PCT between patients with NAION and control group
was about 40 um, which indicated that the OR of
NAION could be more than 4 in the group with thicker
PCT. We speculated that thicker PCT was an anatomic
predisposing factor rather than a post-NAION change.
Furthermore, our results support the hypothesis that
compartment syndrome is a vital pathophysiologi-
cal mechanism of NAION.?>*> However, no signifi-
cant correlation existed between mean PCT and final
visual outcomes, including visual acuity and visual
field, which indicated that PCT is not a parameter in
predicting the prognosis of NAION. Therefore, PCT
is a contributing factor but not a prognostic factor for
NAION.

Several limitations in our study should be noted.
First, the sample size in our study was relatively small.
Second, choroidal thickness changes between day and
night,”! and the different OCT scan times in our study
may have affected the measurement of choroidal thick-
ness. Third, the interval between NAION attack and
OCT examination was inconsistent among the partic-
ipants. However, we sought to eliminate measurement
errors by using an automated MATLAB program and
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high-resolution OCT images. As a result, our findings
are accurate, valuable, and clinically applicable.

In conclusion, because PCT is thicker not only in
the affected eye but also in the unaffected fellow eyes of
patients with NAION, thicker choroids may be predis-
posing factor for NAION. However, PCT cannot be
used to predict the visual outcomes of patients with
NAION. Our study provided better understanding
about the effects of choroid structure on the physiology
and circulation around the optic nerve head. Patients
with thicker PCT and other well-known risk factors
may have a higher risk of NAION attack. Proper
risk factor modification and regular follow-up are
recommended for patients with unilateral NAION and
thicker PCT. Further prospective studies with larger
sample sizes and longer follow-up periods are neces-
sary to validate our results and elucidate the underly-
ing pathophysiology of structural changes of the optic
nerve head and NAION attack.
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