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Abstract

e AIM: To assess choroidal thickness (CT) and its association
with ganglion cell-inner plexiform layer thickness (GCIPLT)
and retinal nerve fiber layer thickness (RNFLT) in open
angle glaucoma (OAG) comparing with preperimetric
glaucoma (PPG) and normal eyes.

e METHODS: Totally 55 eyes of OAG, 40 eyes of PPG,
and 40 eyes of age-matched normal eyes were studied.
Peripapillary CT (PCT), macular CT (MCT), RNFLT, and
GCIPLT were evaluated. Relationship between the CT with
RNFLT and GCIPLT were studied. The correlation between
CT and confounding variables as gender, age, intraocular
pressure, and visual field mean deviation were analyzed.

e RESULTS: Mean PCT were 113.6%x39.1 um in OAG,
116.3%42.7 ym in PPG, and 148.9%41.7 pm in normal eyes.
PCT and MCT was thinner in OAG compared to healthy
eyes. There was a significant correlation for PCT and
mean RNFLT in 1, 2, 6, and 7 clock hours of OAG eyes. The
difference in PCT remained after adjusting for axial length,
age, and disc area (P=0.003). No significant correlation
was shown between MCT and mean GCIPLT in all eyes.

o CONCLUSION: PCT is thinner in OAG and PPG compared
with healthy eyes. The correlation of RNFLT and PCT
found in OAG and PPG is not revealed in normal eyes.
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INTRODUCTION

laucoma is a progressive neurodegenerative optic
G neuropathy that results in morphological changes of
optic nerve head (ONH) and loss of functional visual field"".
The elevation of intraocular pressure (IOP) is the most
important risk factor for open angle glaucoma (OAG) and the
effect of IOP reduction has been previously studied well"”. In
some cases, however, the loss of visual field progresses even
with the well-controlled IOP, which indicates that other factors
may be associated in the advancement of the glaucoma'’.
It has been suggested that vascular perfusion may have a
role to the ocular ischemia and the death of the optic nerve.
As prelaminar portion of ONH is perfused by branches of
the peripapillary choroid, the function of the choroid can be
important in the pathogenesis of glaucoma. Since abnormal
perfusion of peripapillary choroid might be involved in the
pathogenesis of glaucoma, peripapillary choroidal thickness
(PCT) could also be concerned. Post-mortem histological
studies have reported about thinner choroid in glaucoma,
In particular, worsened choroidal and systemic blood flow
parameters have been studied and may have affected the
advancement of the glaucoma". Some studies have revealed
a reduced choroidal thickness (CT) in OAG due to the loss of
both choriocapillaries and large vessels™*”.
It has been reported a thicker foveal choroid in angle-closure
glaucoma®, a thinner peripapillary and macular choroid in
glaucoma patients'”, whereas in other study no correlation was
found between CT and glaucoma™”. Although enhanced depth
imaging (EDI) enabled choroidal visualization, the choroidal-
scleral boundary was difficult to discern. However, swept-
source optical coherence tomography (SS-OCT) uses a long
wavelength that enhances its penetration''”. The relationship
may exist between CT and glaucoma structural parameters,
because ONH and choroid are supplied by common branch of
blood.
The goal of our study is to investigate the association between
CT and OAG comparing patients affected by preperimetric
glaucoma (PPG) and normal subject using SS-OCT. We also
conducted a study to analyze the influence of factors including
IOP, gender, age, retinal nerve fiber layer thickness (RNFLT),
axial length (AL), and mean deviation (MD) on CT.
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SUBJECTS AND METHODS
Ethical Approval This is a retrospective, comparative study
assessing patients from October 2016 to July 2017. This
study adhered to the tenets of the Declaration of Helsinki for
research and followed all guidelines for investigation in human
subjects. Written informed consent was obtained from each
patient and the study protocol and informed consent were
reviewed and approved by the institutional review board (IRB)
before initiation.
Totally 55 eyes of OAG, 40 eyes of PPG, and 40 eyes of age-
matched normal eyes were analyzed by medical records.
A comprehensive ophthalmologic evaluation was done
including standard automated perimetry (Humphrey Visual
Field Analyzer; Carl Zeiss-Meditec Inc., Dublin, CA, USA),
color disc photography, Goldmann applanation tonometry, SS
OCT (DRI-OCT system; Topcon, Tokyo, Japan) and IOL Master
(Carl Zeiss Meditec, Dublin, CA, USA), and gonioscopy.
Experienced ophthalmologists performed SS-OCT.
We included patients with open angle on gonioscopy and
excluded those with intraocular disease or neurologic disease.
All analysis used SPSS software version 19.0 (SPSS, Inc.,
Chicago, IL, USA). Normally distributed data were expressed
as meantstandard deviation. Univariate and multivariate linear
regressions were applied to evaluate the association between
CT and age, AL, central corneal thickness (CCT), RNFLT,
and visual field MD. For all analyses, the level of statistical
significance was set at P<0.05.
RESULTS
This study assessed 135 eyes, 55 eyes affected by OAG, 40
eyes of PPG, and 40 eyes of age-matched normal eyes. The
demographic and ocular characteristics are summarized in
Table 1. No significant difference was shown between groups
in CCT, IOP, gender, and age (P>0.05).
Mean RNFLT was 80.6£15.4, 94.8+14.5, 113.4+9.6 um in
OAG, PPG, and normal eyes, respectively (P<0.05). PCT was
113.6+39.1, 116.3+42.7, and 148.9+41.7 um in OAG, PPG,
and normal eyes, respectively (P<0.001). The difference in
PCT was still left, after adjusting for age, AL and also after
adjusting for age, AL, disc area (P=0.005). But the difference
in macular CT (MCT) did not continue after adjusting for age,
AL (P=0.084). No significant correlations were revealed with
gender, CCT, or IOP (all P>0.05). The PCT showed significant
differences between glaucoma and healthy eyes in 12 clock-
hour sectors and those continued after adjusting for age, AL
and for age, AL, disc area. There was a statistically significant
correlation between mean RNFLT and PCT in glaucomatous
eyes. The 1, 2, 6, and 7 clock hours scans revealed a significant
correlation (+=0.41, P=0.04; =0.37, P=0.03; 1=0.39, P=0.04;
=0.36, P=0.02, respectively; Table 2). CCT and IOP revealed
604

Table 1 Clinical characteristics of normal and glaucomatous

patients
Ttems OAG PPG Normal P
(n=55) (n=40) (n=40)

Age (V) 68.5£7.5  65.4%6.1 67.8+6.5 0.53
Gender (female) 29 18 25 0.38
AL (mm) 23.642.8 242421 23.8+1.9 0.61
CCT (um) 542.7429.5 55334329  549.5+£30.4 0.49
IOP (mm Hg) 19.2+3.4 15.7£2.9 13.542.1 0.16
Visual field MD (dB) -5.4+2.1 0.17+0.94 0.01+0.43 <0.05
PSD (dB) 7.4+£3.7 1.8+0.6 0.9+0.5 <0.05
RNFLT (um) 80.6=15.4  94.8+14.5  113.449.6  <0.05
GCIPLT (um) 101.0+12.9  109.4+10.8  119.7+8.7 <0.05
PCT (um) 113.6439.1  116.3+42.7  148.9+41.7 <0.001
MCT (um) 171.2+61.5 172.7£60.3  194.3+70.6  <0.001
Disc area (mm®) 1.89+0.32 1.91+£0.41 1.93+0.39 0.532

OAG: Open angle glaucoma; PPG: Preperimetric glaucoma; AL:
Axial length; CCT: Central corneal thickness; IOP: Intraocular
pressure; MD: Mean deviation; PSD: Pattern standard deviation;
RNFLT: Retinal nerve fiber layer thickness; GCIPLT: Ganglion
cell-inner plexiform layer thickness; PCT: Peripapillary choroidal

thickness; MCT: Macular choroidal thickness.

no significant difference between groups (P>0.05). In OAG
group peripapillary choroid was thickest (129.35+52.19 um) at
the 12 clock hour and thinnest (90.52+31.35 um) at the 6 clock
hour, whereas RNFLT was thickest (96.52+27.09 pm) at the 11
clock hour and thinnest (64.76+23.48 um) at the 5 clock hour
(Table 2).

Mean ganglion cell-inner plexiform layer thickness (GCIPLT)
was 101.0+£12.9, 109.4£10.8, and 119.7£8.7 um in OAG,
PPG, and normal eyes, respectively (P<0.05). Mean MCT was
171.2+61.5, 172.7460.3, and 194.3+70.6 um in OAG, PPG,
and normal eyes, respectively (P<0.001). The macular choroid
was thinner in OAG and PPG group compared to normal
eyes with statistically significant difference (P<0.001). The
MCT showed differences among the groups, but they did not
continue after adjusting for age, AL. No significant correlation
was found between MCT and GCIPLT (P>0.05). There was no
significant correlation between PCT and RNFLT or GCIPLT
and MCT in normal eyes. Including AL, age, and gender
thinner PCT was relevant with thinner RNFLT ($=0.438;
F=5.47; P=0.03; R’=8%).

The association between CT in the peripapillary and macular
area and variables including gender, AL, IOP, age, and CCT
was evaluated. The peripaillary CT of OAG patients revealed
a significant negative relation with AL (f=-7.04, P=0.027) in
univariate regression and a significant relation with age (=
-0.97, P=0.004), AL ($=-9.49, P=0.001), and disc area (f=
-8.36, P=0.035) in multivariate regression. The MCT of OAG
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Table 2 Evaluation of the RNFLT, peripapillary choroid, ganglion cell complex layer, macular choroid in OAG

Measurement location

(clock hours) RNFLT (um) PCT (um) GCIPLT (um) MCT (um)

1 85.28425.64 128.37+46.92 110.37+19.42 171.53469.41
2 80.07+23.19 123.044+43.71 111.81+18.06 169.37+65.08
3 79.47+18.26 115.78+39.25 109.52+18.13 167.28+66.81
4 76.83+16.94 116.84+40.69 104.83+£15.39 162.94+63.27
5 64.76+23.48 108.53+37.46 100.34+16.57 164.46+65.84
6 81.94+28.75 90.52+31.35 97.68+17.38 166.51+68.23
7 94.33+£29.23 92.46+33.68 93.29+15.14 169.82+62.79
8 65.15+£18.67 105.43+42.28 92.95+16.69 171.19+64.62
9 69.49+16.52 111.27+46.73 90.47+17.26 173.14+70.05
10 77.03+£19.43 119.11+49.45 95.86+18.43 175.20+72.36
11 96.52+27.09 122.94+50.86 103.51+£17.94 176.43+75.47
12 89.97+26.72 129.35+52.19 106.24+18.02 179.52+77.16
Average thickness 80.62+18.05 113.624+39.14 104.27+15.49 171.24+61.47

RNFLT: Retinal nerve fiber layer thickness; OAG: Open angle glaucoma; PCT: Peripapillary choroidal thickness; GCIPLT: Ganglion cell-inner

plexiform layer thickness; MCT: Macular choroidal thickness.

patients revealed a significant association with AL (f=-15.39,
P=0.008) in univariate regression and a relation with age
(p=-2.03, P=0.003), AL ($=-20.94, P<0.001) in multivariate
regression. No statistically significant correlations appeared
with IOP, CCT, or MD (all P>0.05).

DISCUSSION

The loss of the choroidal vasculature was thought to be
the cause of the decreased of CT. The thinning of choroid
may be relevant with choroidal insufficiency which may
result in the retinal ganglion cell damage of glaucoma. It
has been suggested that the GCIPLT and RNFLT might be
early structural markers when evaluating preperimetric and
perimetric glaucoma.

Some previous OCT studies reported no difference in macular
and PCT between OAG and healthy eyes'''?. However, some
studies revealed thinning of PCT or MCT in OAG"*"". Hirooka
et al'™ showed a relationship between CT and glaucoma
severity especially. The results of some previous studies can’t
be believed since early glaucomatous optic disc change usually
is focal. Since the choroidal vasculature supplies the anterior
ONH, the peripapillary choroid may have a role in patients
with glaucoma. Therefore, we supposed that PCT may be a
practical method of showing the blood perfusion of ONH.
However other study did not find an association between
the PCT and glaucoma"®. In our study, we discovered PCT
thinning in OAG and PPG patients relative to normal controls.
The PCT was related with disc area, AL, age but not with
glaucoma severity (MD) in OAG. Hirooka et al'™*' found that
superior hemifield total deviation was worse than inferior
which, indicates that PCT is thinner in areas of progressed
glaucoma. In this study, PCT revealed no association with
glaucoma severity in glaucomatous eyes. The reason of the

difference could be explained by the fact that Hirooka et al'"”
did not apply localized glaucoma severity parameter which
we used in our study, and the PCT measurement point was
different compared to our study. They also proposed that the
area of the macular choroid closest to the ONH might be
thinner in glaucoma without history of raised IOP. To evaluate
this in our study, we investigated CT in the area between the
macula and but found no association between CT and visual
field MD.

Zhang et al' found that thinner CT was associated with older
age and longer AL. Other studies reported that glaucomatous
eyes showed thinner choroid. In this study, PCT revealed
significant differences between glaucomatous and normal eyes
and these differences remained after adjusting for AL, age, disc
area. There are differences between previous studies and ours.
First, the subject groups were different. Second, the manners
of PCT measurement were different.

In present study, the results implied that CT was greatest at
the macula and decreases along the peripapillary region which
were consistent with previous studies but, CT was thinner in

718 "One possible reason is that previous reports

our study'
used manual segmentation. Regarding MCT, there were
significant differences between the groups, however these did
not continue after adjusting for age and AL. These results are

19-20
!, However, our results are

consistent with previous studies'
different from previous studies at the other aspect. Mwanza
et al® found out thicker MCT in OAG eyes than healthy
eyes, although the result was not statistically significant. They
supposed increased MCT was the result of a compensatory
response of the choriocapillaries. However, that does not
explain the study of Yin et al’s", which reported reduced
diameter of choroidal vessel.
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The current study has provided useful information about the
association between glaucoma parameters and CT. In this
study, a statistically significant correlation was shown between
PCT and RNFLT of OAG eyes at 1, 2, 6, and 7 clock hours.
It is important to remark that the correlation was highest at
inferior and superior poles of the ONH which are known to be
related to glaucomatous damage. In OAG eyes a significant
correlation was reveled between PCT and RNFLT in OAG eyes.
This study has some limitations. First, a relatively small
number of eyes were evaluated. Second, our study was unable
to assess the association between IOP-lowering eye drops
and CT. CT might differ in untreated glaucoma patients. It
is possible that elevated IOP may cause the reduction in CT
secondary to IOP-induced reduction in choroidal blood flow.
We’re planning to study about it. Third, there is a possibility
that PCT and MCT measurements did not acquire the exact
same location in each subject. The main strength of our
study is the utilization of available software, which permits
automated segmentation and thickness measurements.

In conclusion, our study has shown that the PCT was decreased
but did not reveal any relationship with glaucoma severity in
glaucomatous eyes.
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