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Abstract

Background: There has been increasing interest in inves-
tigating the role of the choroid in the pathogenesis of glauco-
matous optic neuropathy. While measurement of choroidal
thickness by spectral domain optical coherence tomography
(SD-OCT) would be an attractive addition to the armamentar-
ium of diagnostic and monitoring tools in glaucoma, the
potential role of choroidal thickness as arisk factor requires
further investigation.

Aim of the Sudy : To compare subfoveal choroidal thick-
ness measurementsin primary angle closure glaucoma (PACG),
primary open angle glaucoma (POAG) patients, and hormal
control group, and to correlate between the subfoveal choroidal
thickness with each of the average peripapillary retina nerve
fiber layer (RNFL) thickness, the average ganglion cell
complex (GCC) thickness, as well as Humphrey field Analyzer
parameters in these patients mainly the mean deviation (MD)
and pattern standard deviation (PSD).

Patients and Methods: Cross sectional observational case-
control study. The study included 124 eyes; 40 eyes of PACG
patients, 42 eyes of POAG patients and 42 eyes of normal
controls. Measurement of the subfoveal choroidal thickness
was done using SD-OCT in The Investigative and Laser Unit
of The Ophthalmology Department of Kasr Al-Ainy Hospital.

Results: There was no significant difference in subfoveal
choroidal thickness among normal eyes, eyes with POAG and
eyes with PACG (All p-values >0.05). There was a significant
positive correlation between choroidal thickness and average
RNFL thickness (r=0.804, p-value <0.001).

Conclusion: Lack of asignificant difference in subfoveal
choroidal thickness among normal eyes, eyeswith POAG and
eyeswith PACG. A significant positive correlation existed
between choroidal thickness and average RNFL thickness.

Key Words: Subfoveal choroidal thickness — Glaucoma —
Spectral domain optical coherence tomography.

Introduction

GLAUCOMA is aneurodegenerative optic neu-
ropathy caused by injury to retinal ganglion cells
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and their axons [1]. This cellular damage causes
progressive changes to the optic disc, the retinal
nerve fiber layer, the ganglion cell-inner plexiform
layer, and the peripheral visual field, followed by
the central field [1].

Elevated intraocular pressure (I0P) is the major
risk factor for glaucoma, and its reduction can
slow the progression of vision loss even in normal
tension glaucoma (NTG) [2. On the other hand,
loss of visual function may continue even with
medically or surgically controlled IOP indicating
that 1OP-independent factors such as worsened
choroidal blood flow parameters may play arole
in ocular hypertension, NTG, or primary open
angle glaucoma (POAG) [34] . Other studies have
reported that patients experiencing glaucoma pro-
gression have worse ocular hemodynamics than
NnoNpProgressors [5].

There has been increasing interest in investi-
gating the role of the choroid in the pathogenesis
of glaucomatous optic neuropathy (GON). Previous
studies have found an association between GON
and impaired choroidal circulation or blood flow
to the optic nerve head (ONH) [5].

Both the macular choroidal thickness and the
peripapillary choroidal thickness measured by
enhanced depth imaging optical coherence tomog-
raphy (EDI-OCT) were correlated with inconsistent
results in both primary open angle and angle closure
glaucoma [6-8]. While Mwanza et et a. [6] did not
find an association between subfoveal choroidal
thickness and glaucomain their group of patients,
Bron et a., [7] reported thinner subfoveal choroidal
thickness in glaucoma patients than normal con-
trols. In addition, it has been suggested that patients
with normal tension glaucoma had significantly
thinner peripapillary choroidal thickness compared
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tonormal [g]. Choroidal imaging by the EDI-OCT
technique may serve as atool to investigate the
vascular theory of glaucoma pathogenesis.

Adequate visualization of the choroid using
spectral domain optical coherence tomography
(SD-OCT) has not been possible until recently,
due to its posterior location and the presence of
pigmented cells that attenuate the incident light.
In 2008, Spaide et al., [9] were the first to visualize
the choroid by inverting SD-OCT images, SD-
OCT images are highest in resolution near the
zero-delay line. Thus, when theimage is inverted,
even if someresolution islost at the vitreous and
the retina, the resolution at the choroid is excellent
(9.

Branchini, et al., [10] investigated the reproduc-
ibility of choroidal thickness measurementsin
normal subjects on three Spectral Domain Optical
Coherence Tomography (SD-OCT) instruments,
Heidelberg Spectralis, Zeiss Cirrus HD-OCT (Carl
Zeiss Meditec Inc, Dublin, CA, USA), and Opto-
vueRTVue (Optovue Inc., Fremont, CA, USA).
They found that in their population of young healthy
adults with normal vision, there was good repro-
ducibility between choroidal thickness measure-
ments of images acquired with Cirrus, Spectralis
and RTVue. In addition, there was good inter-
observer correlation for all choroidal thickness
measurements [10].

Patients and Methods

This cross sectional observational case-control
study was conducted in The Investigative and L aser
Unit of The Ophthalmology Department of Kasr
Al-Ainy Hospital during the year 2016.

Our study included 124 eyes. Participants were
divided into three groups:

- Group A: Included 40 eyes of chronic recurrent
primary angle closure glaucoma (PACG) patients.

- Group B: Included 42 eyes of primary open angle
glaucoma (POAG) patients.

- Group C: Included 42 eyes of normal controls.

Inclusion criteria:
* Age = 40 years.
* For group A: PACG patients: Eyes with:
- Narrow angle (defined as eyes in which the
posterior trabecular meshwork was not seen

for at least 1 80° on indentation gonioscopy in
the primary position).

- PAS and/or raised |IOP (>21mm Hg).

- Glaucomatous optic neuropathy (defined as a
vertical cup/disc (C/D) ratio >0.7 and/or C/D
asymmetry >0.2 and/or focal notching).

- Visual field changes on static automatedperimetry
in theform of:

- Glaucoma hemifield test outside normal limits,

- Abnormal pattern and a SD of p-value less
than 5% in the healthy population and

- Fulfilling test reliability criteria (fixation losses
<20%, false positives<33%, and/or false neg-
atives <33%).

- History of previous acute attack(s) of angle closure
glaucoma.

* For groupB: POAG patients: Eyes with:
- Open angle (> grade 2).
- Raised IOP (>21mm Hg).

- Glaucomatous optic neuropathy (defined as a
vertical cup/disc (C/D) ratio > 0.7 and/or C/D
asymmetry >0.2 and/or focal notching).

- Visual field changes on static automatedperimetry
in theform of:

- Glaucoma hemifield test outside normal limits.

- Abnormal pattern and a SD of p-value less
than 5% in the healthy population.

- Fulfilling test reliability criteria (fixation losses
<20%, false positives <33%, and/or false
negatives <33%).

* For group C: Normal controls:

- No prior history of eye disease other than
cataract not affecting the OCT image quality.

- Nointraocular surgery.
- No glaucomatous optic neuropathy.
- IOP not exceeding 21mm Hg.

Exclusion criteria;

* Any media opacity affecting the OCT image
quality.

* Retinal diseases including diabetic retinopathy,
age-related macular degeneration, or retinal vein
occlusion.

» High myopia (>6 D).
* History of ocular trauma.
* History of ocular inflammation.

» History of ocular surgery (Except glaucoma
surgery in PACG patients).

* |OP level <12mmHg (to exclude hypotony effect).
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All participants received a thorough explanation
of the study design and aims. Study participants
gave informed consent before initiation of any
study-related procedures, and the study was con-
ducted in compliance with informed consent reg-
ulations.

All patients were subjected to a full ophthal-
mological examination, including full medical and
ophthalmic history taking, assessment of best
corrected visual acuity (BCVA), external examina-
tion, dit lamp examination, assessment of the
intraocular pressure using Goldmann applanation
tonometry, and dilated fundus examination using
dlit lamp biomiocroscopy with a+90 D lens and
the indirect ophthalmoscope with a+20 D lens.

The Humphery field analysis was done with
the Swedish Interactive Thresholding algorithm
(SITA) standard 24-2 test pattern (Humphrey Visual
Field Analyser I1; Carl Zeiss Meditec, Dublin,
CA), and pattern standard deviation (PSD) and
Mean Deviation (MD) were noted.

Measurement of the subfoveal choroidal thick-
ness was done using SD-OCT: Optovue RTVue
100 (Optovue Inc., Fremont, CA, USA). The
choroidal thickness was measured manually at the
subfovea starting from the outer portion of the
hyperreflective line corresponding to the RPE to
the inner surface of the sclera, using the line seg-
ment measurement tool (Fig. 1). The choroid was
measured by two independent graders who were
blinded to the diagnosis, then their measurements
were averaged.

Fig. (1): Subfoveal choroidal thickness of one of our patients
=255 p—u

Results
The study included 124 eyes.

Demographic data:
Fig. (2) shows gender distribution in each group.

Table (1) and Fig. (3) show mean of age in each
group.
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Fig. (2): Gender distribution within the three groups.

Table (1): Age.

Normal POAG PACG Total 'ﬂ.ue

Mean of age 56.4+7.5 53.8+6.8 54.4+7.7 55.5+7.6 0.09
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Fig. (3). Age within the three groups.

Regarding the subfoveal choroidal thickness:

The normal group had thicker subfoveal choroid
than both POAG and PACG groups, but their rela-
tionship was not statistically significant (post-Hoc,
p-values=0.7 & 1.0 respectively), while PACG group
had thicker subfoveal choroid than POAG group, but
their relationship was not statistically significant
either (post-Hoc, p-value=0.97).

The mean of average subfoveal choroidal thickness
was 237.19+53.63 gu.imthe normal group, 223.69+

50.81 gnimthe POAG group and 235.04 +51.14 gn_a_

in the PACG group (ANOVA, p-value=0.4), as shown
in Table (2) and Fig. (4).
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Table (2): Average subfoveal choroidal thickness.

Normal POAG PACG @-ue

237.19+ 223.69+ 235.04+ O.4
50.81 51.14

Mean of average
choroidal thickness 53.63
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Fig. (4): Average subfoveal choroidal thickness.

Normal PACG

Regarding the average RNFL thickness:

The normal group had significantly thicker RNFL
than both POAG and PACG groups (post-Hoc, both
p-values<0.001), while the POAG group had thicker
RNFL than PACG group, but their relationship was
not statistically significant (post-Hoc, p-value=1.0).

The mean of average RNFL thickness was 110.02
+10.3 gimthe normal group, 94.44+21.63 gnim
POAG group and 91.01+20.89 gn imihe PACG group
(ANOVA, p-vaue<0.001), as shown in Table (3) and

Fig. (5).
Table (3): Average RNFL thickness.

p.
Normal POA G PACG value

Mean of average  110.02+ 94.44+ 91 .01+ <0.00 1
RNFL thickness 10.3 21.63 20.89
63
150
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o 75
>
<
50
Normal POAG PACG
Group

Fig. (5): Average RNFL thickness.
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Regarding the average GCC thickness:

The normal group had significantly thicker GCC
than both POAG and PACG groups (post-Hoc, p-
values=0.006 & <0.001 respectively), while the
POAG group had thicker GCC than PACG group,
but their relationship was not statistically significant
(post-Hoc, p-value=0. 16).

The mean of average GCC thickness was 96.53
+6.59 gnimthe normal group, 88.36+13.5 gn imthe
POAG group and 83.32+13.82 gn.imthe PACG group
(ANOVA, p-value<0.001) as shown in Table (4) and

Fig. (6).

Table (4): Average GCC thickness.

p-
Normal POAG PACG value

Mean of average  96.53+  88.36x  83.32+ <0.001
GCC thickness  6.59 135 13.82
120 61
:
S
= 100
O
2
2 80
O
>
<
60
Normal POAG PACG
Group

Fig. (6): Average GCC thickness.

Figs. (7-9) show examples of our cases.

Correlation between subfoveal choroidal thickness
and different variables:

Our study demonstrated a positive correlation
between subfoveal choroidal thickness and each of:

* Average RNFL thickness (r=0.188, p-value=
0.036).

» Average GCC thickness (r=0.066, p-value=
0.464).

* MD (r=0.136, p-value=0.132).

While there was a negative correlation between
subfoveal choroidal thickness and each of:

« |OP level (r=—0.068, p-value=0.455).
« PSD (r=-0.122, p-value=0.177).
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Fig. (7): OCT of aPACG eyein our
study. (A) Subfoveal choroidal thickness
measured by the first observer=25111,
(B) Subfoveal choroidal thickness meas-
ured by the second observer=21111, (S)
RNFL & GCC thickness.

Fig. (8): OCT of aPOAG eyein our
study. (A) Subfoveal choroidal thickness
measured by the first observer=210 ga
(B) Subfoveal choroidal thickness meas-
ured by the second observer=196 g(@)
RNFL & GCC thickness.
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Discussion

The main finding of our study isthe lack of a
significant difference in subfoveal choroidal thick-
ness among normal eyes, eyes with POAG and
eyes with PACG, where the normal group had
thicker subfoveal choroid than both POAG and
PACG groups, but their relationship was not sta-
tistically significant (p-values=0.7 & 1.0 respec-
tively), while PACG group had thicker subfoveal
choroid than POAG group, and their relationship
was not statistically significant either (p-value=
0.97). Thisfinding may reflect alack of significant
associ ation between glaucoma and subfoveal
choroidal thickness.

Mwanza et a., [6] reported their experience
with in vivo imaging of the choroid with Spectralis
SD-OCT in primary open-angle and normal-tension
glaucoma and normal control subjects. They con-
firmed that choroidal thickness was mainly influ-
enced by age and axial length (thinner choroid
with older age and longer axial length). However,
the authors did not find any significant difference
among the three groups with respect to choroidal
thickness under the foveal center or up to 3 mm

Comparative Study between Subfoveal Choroidal Thickness

Fig. (9): OCT of anormal eyein our study.
(A) Subfoveal choroidal thickness measured
by the first observer=26511, (B) Subfoveal
choroidal thickness measured by the second
observer=230 g(@ RNFL & GCC thickness.

nasal or temporal to the fovea. In another study by
Mwanza et al. on patients with unilateral advanced
glaucoma the same findings were confirmed [11],
suggesting alack of association not only between
choroidal thickness and glaucoma but also with
glaucoma severity.

Hosseini and colleagues [12] presented a study
on macular and peripapillary choroidal thickness
in patients with perimetric glaucoma They did not
find any significant difference in subfoveal choroi-
dal thickness between patients with open angle
glaucoma and non-glaucomatous individuals. They
extended the examinations into the peripapillary
region in which, except for the temporal region,
choroidal thickness did not differ between glauco-
matous and control eyes. These findings may imply
that choroidal blood circulation may not be mark-
edly involved or affected in open angle glaucoma.
However, the choroid is a highly dynamic vascular
tissue and purely anatomic measurements, such as
choroidal thickness, may not adequately describe
altered hemodynamic physiology in various ocular
diseases. Specifically, flow patternsin the peripap-
illary choroid would be of great interest in glaucoma
[12].
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The findings by the above-mentioned studies
are consistent with our results regarding the lack
of asignificant difference between the subfoveal
choroidal thicknessin POAG and normal eyes.

Contrary to this, Bron et al., [7] reported thinner
subfoveal choroidal thicknessin POAG patients
than normal controlsin a study which involved 65
healthy eyes and 78 eyes with POAG. Also, ameta-
analysis conducted by Lin et al., [13] demonstrated
that average peripapillary choroidal thicknessin
open-angl e glaucoma was significantly reduced
compared to healthy individuals which was a po-
tential support of the vascular theory of glaucoma
and suggested that retrobulbar ischemia might have
an impact on the optic nerve head. The difference
between these results and ours may be attributed
to our relatively smaller sample size.

With respect to choroidal thicknessin angle
closure glaucoma, Arora and colleagues [14] report-
ed that choroidal thickness was significantly greater
in the angle closure glaucoma group than in the
open angle glaucoma group and normal subjects,
with no significant difference between eyes with
open angle glaucoma and normal subjects.

In another study on fellow eyes of 44 patients
with unilateral acute primary angle closure, Zhou
and colleagues [15] observed that the unaffected
fellow eyes had thicker choroid than a group of
control eyes.

The difference in results between our study and
the above-mentioned studies regarding choroidal
thickness in PACG may be attributed to the rela-
tively smaller sasmple sizein our study. Thisisin
contrast to the study by Aroraet al., [14], which
involved 40 controls, 106 POAG and 79 PACG

eyes.

In addition, we observed a positive correlation
between average RNFL thickness and average GCC
thickness (r=0.804, p-value <0.001), a positive
correlation between average RNFL thickness and
MD (r=0.690, p-value <0.001), and a negative
correlation between average RNFL thickness and
PSD (r=-0.461, p-value <0.001). All of these
relations were statistically significant.

We also found a positive correlation between
choroidal thickness and the average RNFL thick-
ness (r=0.188, p-value=0.036) which was statisti-
cally significant, while the same positive relation
was found with the average GCC thickness (r=
0.066, p-value=0.464) and MD (r=0.136, p-value
=0. 132) but it was not statistically significant.
These findings reflect a negative correlation be-
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tween choroidal thickness and glaucoma severity
as defined by structural and functional measures
(RNFL thickness & GCC thickness, and MD re-
spectively).

In addition, in the present study there was a
negative correlation between subfoveal choroidal
thickness and PSD (r=—0.122, p-value=0.177)
which also implies a negative correlation between
choroidal thickness and glaucoma severity, but
their relationship was not statistically significant.

Thisisin contrast to Aroraet al., [14] who found
that the severity of glaucomatous optic nerve dam-
age as measured by cup/disc ratio or visual field
mean deviation was not significantly associated
with choroidal thickness. Similarly, Hosseini et
al., [12] observed that glaucoma severity (in terms
of RNFL thickness and MD) was not associated
with choroidal thickness. These findings are con-
sistent with those of the previously-mentioned
study by Mwanzaet al., [11], involving patients
with unilateral advanced glaucoma. Likewise,
Bron, et al., [7] found that subfoveal choroidal
thickness was not different according to glaucoma
stage.

Conclusion:

No significant difference in subfovea choroidal
thickness among normal eyes, eyes with POAG
and eyes with PACG. Subfoveal choroidal thickness
had significant positive correlation with average
RNFL thickness.
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