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Clinical Significance of Choroidal Thickness in Eyes with Ocular
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Purpose: To determine the clinical significance of choroidal thickness and evaluate changes in choroidal thickness over time
in eyes affected by ocular ischemic syndrome (OIS).

Methods: Medical records of 16 patients diagnosed with OIS between November 2017 and August 2019 were retrospective-
ly reviewed. In every nine areas of the Early Treatment Diabetic Retinopathy Study grid, we compared the differences in cho-
roidal thickness between the eyes with OIS and unaffected eyes, and its change in the OIS eyes during the follow-up period
using swept-source optical coherence tomography. We analyzed the best-corrected visual acuity, intraocular pressure, fluo-
rescein angiography (FAG) parameters, systemic diseases, and the duration of symptoms. Correlation between FAG parame-
ters and the choroidal thickness value ratio in the OIS eyes and the unaffected eyes, and changes in the choroidal thickness in
the OIS eyes during follow-up were investigated.

Results: Median age of the subjects was 67.5 years. In the OIS eyes, all FAG parameters were delayed at the initial examina-
tion. Best-corrected visual acuity and intraocular pressure were significantly different between the OIS and unaffected eyes.
While the choroidal thickness in every nine areas of Early Treatment Diabetic Retinopathy Study in the OIS eyes was lesser
than the unaffected eyes, the choroidal thickness of inner temporal, outer nasal, and outer temporal area showed statistically
significant difference. During follow-up, changes in choroidal thickness of OIS eyes as well as correlation between the FAG
parameters and the choroidal thickness value ratio between the OIS eyes and the unaffected eyes were not found to be sta-
tistically significant.

Conclusions: The choroidal thickness of the eyes with OIS was significantly less compared with the unaffected eyes. We

inferred that choroidal thinning takes place in the early phase of the disease as the changes in choroidal thickness during the

follow-up period were not significant.
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Ocular ischemic syndrome (OIS) is caused by hypoper-
fusion of the eye due to occlusion or stenosis of the com-
mon and/or internal carotid arteries [1]. OIS presents with
a variety of symptoms including visual loss, changes in the
visual field, and ocular pain. These may lead to persistent
blindness accompanied by secondary changes [2]. Every
year, the number of new diagnosed cases of OIS are 7.5 per
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million population [3]. The incidence rate increases with
age, which seems to be related to the cause of OIS. The
5-year mortality rate is approximately 40%, and OIS is
sometimes the first manifestation of a fatal carotid artery
disease [4,5].

Occlusion or stenosis of the carotid artery can also influ-
ence choroidal blood flow and thickness. The choroid is a
critical layer in the ocular structure and assessing changes
in its thickness in association with specific diseases is of
increasing importance in clinical research [6,7]. Fortunate-
ly, we can easily carry out non-invasive measurements of
choroidal thickness by enhanced depth imaging optical co-
herence tomography (OCT) [8]. Despite this, there are very
limited studies on choroidal thickness in eyes with OIS.
Kang et al. [9] reported that 15 patients showed decreased
choroidal thickness in the OIS affected eyes compared to
the unaffected eyes, and choroidal thinning represents im-
paired choroidal circulation in these patients. Kim et al.
[10] also found that the choroidal thickness and eye volume
were lower in 19 patients with OIS compared to those with
unaffected eyes. In the present study, we analyzed the dif-
ferences in choroidal thickness between the OIS affected
and unaffected eyes and the changes in choroidal thickness
during follow-up. We also evaluated the correlation be-
tween choroidal thickness of OIS affected eyes and their
fluorescein angiography (FAG) parameters. Through this,
we sought to identify the significance of choroidal thick-
ness in the clinical course of OIS.

Materials and Methods

Study design and participants

We retrospectively reviewed the medical records of 16
patients diagnosed with OIS at Keimyung University
Dongsan Hospital in South Korea between November 2017
and August 2019. Confirmed cases of unilateral OIS were
included in the study. OIS diagnosis was based on typical
clinical symptoms, slit-lamp biomicroscopy, FAG, brain
magnetic resonance angiography (MRA) or carotid Dop-
pler examination to evaluate carotid artery stenosis or oc-
clusion. Moreover, even patients with unclear stenosis on
these carotid imaging tests were considered OIS patients if
they had clear ophthalmic FAG findings, two or more of
the following: (1) delayed patchy choroidal filling, (2) in-

DH Kwon, et al. Choroidal Thickness with OIS

creased retinal arteriovenous transit time, and (3) late reti-
nal artery staining. Patients were excluded from the analy-
sis if they had bilateral OIS, intraocular infection/
inflammation, proliferative diabetic retinopathy, or history
of intraocular surgery (except uneventful cataract surgery).
Cases with inadequate follow-up data, including best-cor-
rected visual acuity (BCVA), intraocular pressure (IOP),
swept-source (SS)-OCT and FAG, were also excluded from
the study.

The obtained medical records were reviewed for the fol-
lowing: age, sex, medical conditions including hyperten-
sion, diabetes, and dyslipidemia; history of cataract sur-
gery or the presence of neovascular glaucoma; duration of
the symptoms; and data of ophthalmic examination.

This study was approved by the institutional review
board of Keimyung University Dongsan Hospital (No.
2021-04-026) and was conducted in accordance with the
Declaration of Helsinki. The requirement for written in-
formed consent was waived because the study was retro-
spective.

Ophthalmic examinations

All patients underwent comprehensive ophthalmic
examination, inclusive of BCVA as the logarithm of
the minimum angle of resolution (logMAR) scale, re-
fraction, IOP using Goldmann applanation tonometry,
slit-lamp biomicroscopy, fundus examination, SS-
OCT, and FAG using a Heidelberg HRA (Heidelberg
Engineering, Heidelberg, Germany). The FAG param-
eters included arm-to-choroid circulation time (ACT),
arm-to-retina circulation time (ART), and arteriove-
nous transit time (AVT). ACT was measured as the
length of time from the initiation of fluorescein dye
injection to the first filling within the choroid. ART
was defined as the length of time between the initia-
tion of injection and the first indication of fluores-
cence within the retinal arteries. AVT was measured
from the first appearance of staining with the retinal
arteries until the retinal veins were completely filled.
OCT examinations were performed using SS-OCT
(DRI Triton; Topcon, Tokyo, Japan). According to the
protocol of the SS-OCT system, we obtained 64 to
128 averaged horizontal scan images in a 12-mm
transverse scan range for each eye. The 128 single
images were averaged using embedded software to
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improve the quality. The lateral and in-depth tissue
resolution were 20 and 8 um, respectively. Subfoveal
choroidal thickness was defined as the distance be-
tween the outer border of the hyperreflective line rep-
resenting the retinal pigment epithelium and the cho-
roidoscleral interface. The automated built-in
calibration software in the IMAGEnet 6 viewer (Top-
con) was used to determine the distance between
these lines with the provide ruler. The choroidal
thickness (including subfoveal choroidal thickness) in
each Early Treatment Diabetic Retinopathy Study
(ETDRS) area was measured using the vertical dis-
tance on the OCT images from the retinal pigment
epithelium layer to the choroidoscleral interface by
one observer’s constant method. The study was con-
ducted by a retina specialist (KTK). The SS-OCT also
provided the average retinal thickness of the center
and eight quadrants according to the ETDRS grid
(center, inner/outer superior, inner/outer inferior, in-
ner/outer nasal, and inner/outer temporal) in all cases
(Fig. 1A, 1B).

Overlay
Grid
Disc Topo

Ovry |
Com

Disc Topo 1

Measure

@ Line

QO Delete

Statistical analyses

The comparison of variable parameters between OIS
eyes and unaffected eyes and changes in choroidal thick-
ness in eyes with OIS during follow-up were assessed us-
ing the Wilcoxon signed-rank test. Spearman’s rank cor-
relation coefficient was used to evaluate the correlation
between choroidal thickness value ratio (between the OIS
eyes and the unaffected eyes) and FAG parameters (Fig. 2).
It was also used to analyze the correlation between the
change in choroidal thickness in the OIS eyes during fol-
low-up and FAG parameters. Statistical significance was
set at p < 0.05. Statistical analysis was performed using
IBM SPSS ver. 25.0 (IBM Corp., Armonk, NY, USA).

Results

Patient and ophthalmic characteristics

A total of 16 patients were included in this study. The
baseline characteristics of these patients are shown in Ta-
ble 1. The median age was 67.5 years and 15 patients were

1 mm
3 mm

6 mm

Fig. 1. Measurements of choroidal and retinal thickness. The swept-source optical coherence tomography provided (A) the average retinal
and (B) choroidal thickness of center and eight quadrants according to the Early Treatment Diabetic Retinopathy Study grid. (B) After
resetting the B-scan by placing the cursor in the center of each area, the vertical distance from the layer of retinal pigment epithelium to
the choroid-scleral boundary was automatically measured using the line function. C = central; II = inner inferior; IN = inner nasal; IS =
inner superior; I'T = inner temporal; OI = outer inferior; ON = outer nasal; OS = outer superior; OT = outer temporal.
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Fig. 2. Correlation between the choroidal thickness value ratio (between the ocular ischemic syndrome eyes and the unaffected eyes) and
fluorescein angiography parameters (seconds). ACT = arm-to-choroid circulation time; ART = arm-to-retina circulation time; AVT = ar-

teriovenous transit time.

Table 1. Baseline characteristics of patients with ocular isch-
emic syndrome

Characteristics Patient (n = 16)
67.5 (34-81)
15(93.8):1(6.3)

7(43.8):9 (56.3)

Age (yr)
Sex (male : female)

Eye (right : left)

Hypertension 12 (75.0)
Diabetes 7 (43.8)
Hyperlipidemia 2 (12.5)
Initial neovascular glaucoma 13 (81.3)
Phakia : pseudophakia 10 (62.5): 6 (37.5)
Duration of symptoms (day) 4 (0-730)

Values are presented as median (range) or number (%).

male. Seven and nine patients had OIS in the right and left
eyes, respectively. Of the study subjects, 12 had hyperten-
sion, seven had diabetes and two had dyslipidemia. Thir-
teen patients had neovascular glaucoma at the initial pre-
sentation, and six patients had previously undergone
cataract surgery. The median duration of visual symptoms
was 4 days.

The ophthalmic characteristics of the OIS and the unaf-
fected eyes are presented in Table 2. In the OIS eyes, the
mean BCVA was 1.01 + 1.00 logMAR at the initial presen-
tation, 1.06 + 1.03 logMAR at 1 month follow-up, and 1.33

+ 1.50 logMAR at 6 months follow-up. On the other hand,
in the OIS eyes, the mean IOP was 21.69 + 8.90 mmHg in
the first visit, 19.88 + 7.07 mmHg at 1 month follow-up,
and 18.88 = 7.08 mmHg at 6 months follow-up.

BCVA and IOP were significantly different between the
OIS and unaffected eyes in all the examinations. BCVA
worsened over time. All the FAG parameters were delayed
at the initial presentation with ACT being 25.66 + 7.17 sec-
onds, ART being 25.73 + 6.36 seconds and AVT being
43.41 £ 17.44 seconds.

Carotid artery stenosis was evaluated by a carotid Dop-
pler examination or a brain MRA. Twelve patients under-
went carotid Doppler examination and four patients under-
went brain MRA to evaluate carotid artery stenosis or
occlusion. Patients whose stenosis or occlusion was unclear
were three. Four had mild stenosis, one had moderate ste-
nosis, and eight had severe stenosis.

Comparisons and correlations of choroidal thickness

We compared the choroidal thickness between the eyes
with OIS and the unaffected eyes using SS-OCT in each
ETDRS grid (Table 3). While the choroidal thickness of
the OIS eyes in every nine areas was lesser than that of the
fellow eyes, the choroidal thickness of inner temporal, out-
er nasal, and outer temporal area had significant differenc-
es between OIS and unaffected eye (inner temporal, 195.12
+ 65.69 and 241.12 + 105.38 pum, p = 0.034; outer nasal,
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Table 2. Comparison of clinical characteristics between OIS and fellow eyes

Characteristics OIS eyes Fellow eyes p-value
Initial BCVA (logMAR) 1.01 £ 1.00 0.07 +£0.14 0.001
Initial IOP (mmHg) 21.69 +8.90 15.06 +4.42 0.028
I-month BCVA (logMAR) 1.06 +1.03 0.29 +£0.45 0.002
I-month IOP (mmHg) 19.88 +7.07 15.56 +3.10 0.020
6-month BCVA (logMAR) 1.33+£1.50 0.25+0.40 0.002
6-month IOP (mmHg) 18.88 £7.08 14.31 £4.54 0.023
Fluorescein angiography parameters (sec)

Arm-to-choroid circulation time 25.66 +7.17

Arm-to-retina circulation time 25.73 £ 6.36

Arteriovenous transit time 43.41 +17.44

Values are presented as mean + standard deviation.

OIS = ocular ischemic syndrome; BCVA = best-corrected visual acuity; logMAR = logarithm of the minimum angle of resolution; IOP

= intraocular pressure.

Table 3. Comparison of choroidal thickness between OIS and unaffected eyes

Choroidal thickness (um) OIS eyes Unaffected eyes p-value OIS to unaffected eyes ratio
Central choroidal thickness 213.19+70.39 247.25 £116.07 0.109 0.96+0.33
Inner ring area
Superior 204.50 £ 69.04 219.00 £ 76.72 0.289 0.99 +0.32
Nasal 190.75 £ 76.52 221.94+£112.26 0.109 0.93 +£0.34
Inferior 184.50 £ 62.98 203.81 + 82.87 0.179 0.95+0.31
Temporal 195.12 £ 65.69 241.12 £ 105.38 0.034 0.88 £0.29
Outer ring area
Superior 209.19 + 80.82 214.81 £64.10 0.842 0.98 £0.25
Nasal 140.56 + 69.64 159.81 +79.20 0.034 0.97 £0.56
Inferior 155.69 +62.94 188.88 +87.30 0.059 0.89 +£0.30
Temporal 183.69 + 59.83 215.87 +73.37 0.023 0.89 +0.27
Central/inner ring area, mean 197.61 + 65.86 226.63 +93.86 0.049 0.94 +0.28
Central/inner/outer ring area, mean 186.35 + 62.60 212.50 + 81.61 0.063 0.94 +0.27

Values are presented as mean + standard deviation.
OIS = ocular ischemic syndrome.

140.56 + 69.64 and 159.81 £ 79.20 um, p = 0.034; outer tem-
poral, 183.69 + 59.83 and 215.87 & 73.37 um, p = 0.049, re-
spectively). The mean total thickness of center and inner
ring area was significantly thinner in the OIS eyes com-
pared to the unaffected eyes (197.61 + 65.86 and 226.63
+93.86 um, p = 0.049, respectively). The correlation be-
tween the ratio of OIS to unaffected eyes and FAG param-
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eters is illustrated in Fig. 2, and there were no statistically
significant differences noted. Comparisons of thickness in
retina, retinal nerve fiber layer, and ganglion cell layer be-
tween OIS eyes and unaffected eyes are presented in Sup-
plementary Table 1.

We also conducted follow-up OCT in OIS eyes and com-
pared the choroidal thickness between the initial examina-
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Table 4. Comparison of choroidal thickness between initial and follow-up ocular ischemic syndrome eyes

Choroidal thickness (um) Initial Follow-up p-value Changes'’
Central choroidal thickness 213.19+70.39 202.50 +73.39 0.363 10.69 + 46.92
Inner ring area
Superior 204.50 + 69.04 201.13 £72.09 0.979 3.38+43.51
Nasal 190.75 £ 76.52 192.38 = 85.82 0.918 -1.63 £29.58
Inferior 184.50 = 62.98 198.62 £ 75.47 0.125 -14.13 £35.45
Temporal 195.12 £ 65.69 192.81 £70.12 0.712 2.31+44.14
Outer ring area
Superior 209.19 + 80.82 207.00 +£92.91 0.856 2.19 +59.80
Nasal 140.56 + 69.64 149.06 £ 71.78 0.326 -8.50+43.43
Inferior 155.69 + 62.94 181.38 +£63.80 0.066 -25.69 £ 57.04
Temporal 183.69 = 59.83 189.31 £69.46 0.423 -5.62 +£30.09
Central/inner ring area, mean 197.61 £ 65.86 197.49 +£70.94 0.877 0.13£32.99
Central/inner/outer ring area, mean 186.35 £62.60 190.47 + 68.05 0.496 -4.11 £29.44
Values are presented as mean + standard deviation.
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Fig. 3. Correlation between changes in the choroidal thickness of cular ischemic syndrome eyes during follow-up (initial follow-up, pm)
and fluorescein angiography parameters (seconds). ACT = arm-to-choroid circulation time; ART = arm-to-retina circulation time; AVT =
arteriovenous transit time.

tion and follow-up examination (Table 4). The median du-
ration from the initial to follow-up OCT was 39 days
(range, 14-210). However, there was no statistically signifi-
cant change in choroidal thickness in the OIS eyes during

correlation between the amount of changes in choroidal
thickness in the OIS eyes during follow-up and FAG pa-
rameters (Fig. 3), but no significant associations were re-
vealed.

follow-up in any of the nine areas. We also evaluated the
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Discussion

As choroid is an irregular structure with uneven con-
tour, it is hard to evaluate the overall changes in choroid.
The previous study investigated choroidal volume changes
in the ETDRS area to evaluate the choroidal change [10].
Whereas the choroidal thickness in every nine areas of
ETDRS was investigated in this study. We evaluated the
clinical significance of choroidal thickness in the OIS af-
fected eye and found that the overall choroidal thickness
of the eyes with OIS was lower than that of the unaffected
eyes. But there were significant differences in only limited
arcas of the ETDRS grid. In addition, we could not find
further changes in the choroidal thickness between the ini-
tial and follow-up examinations, and there was no correla-
tion between choroidal thickness and FAG parameters.

Decreased visual acuity is the most common symptom
at the initial visit in patients with OIS and is observed in
more than 90% of cases [3]. In the present study, the OIS
eye presented a lower BCVA and higher IOP than the un-
affected eyes at the initial examination. Thus increased
IOP may have been influenced by the patients with neo-
vascular glaucoma. Subsequently, BCVA was worse, and
IOP improved with serial follow-up at 1 and 6 months, but
the difference in comparison to the unaffected eye still ex-
isted.

Overall, the choroidal thickness was lesser than that of
the unaffected eye, but the difference was statistically sig-
nificant only in the inner ring area, including the center.
This is thought to be because the subfoveal choroid, which
is structurally the thickest in the entire choroid, is more
likely to be affected by OIS. It is well known as the thick-
est choroid located subfoveal, with peripheral thinning, in
normal eyes [6].

Decreased choroidal circulation due to carotid artery
stenosis may affect the choroidal thickness. Kim et al. [10]
demonstrated that unilateral OIS eyes have a thinner sub-
foveal choroid than unaffected eyes. They interpreted that
this indicates impaired choroidal circulation in patients
with OIS, but they did not evaluate choroidal and retinal
changes in the OIS eyes during serial evaluations. Kang et
al. [9], assumed that OIS could be the end-stage presenta-
tion in the gradual course of ischemic cerebrovascular dis-
ease and choroidal thinning might begin to develop before
onset of OIS. In this study, we evaluated changes in retinal
thickness and choroidal thickness in both OIS and unaf-
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fected eyes, and the time-dependent changes in choroidal
thickness were compared. These changes in choroidal
thickness were observed to be insignificant in the current
study. We inferred that the choroidal structure may have
been damaged in the early stages of OIS, so that only mi-
nor choroidal thickness changes occurred in the OIS eyes
during the follow-up period.

Prolonged FAG parameters are common and important
signs in the diagnosis of OIS. Prolonged ART is the most
specific, but not the most sensitive, FAG sign of OIS. The
most sensitive angiographic sign is prolonged AVT, but it
is not OIS-specific [11]. In this study, all the FAG parame-
ters including ACT, ART, and AVT had a time delay,
which is consistent with a previous study [12]. We also in-
vestigated the correlation between FAG parameters and
choroidal thickness. The choroidal thickness value ratio
(between the OIS eyes and the unaffected eyes) and the
change in choroidal thickness in the OIS eyes during fol-
low-up were used in the analysis. No statistically signifi-
cant correlations were found in the current study. Kim et
al. [12] reported that there were no significant differences
in the parameters of FAG between OIS patients with and
without neovascular glaucoma. Therefore, it seems diffi-
cult to describe the FAG parameters as a single indepen-
dent factor in eyes with OIS. We believe this is because the
circulation of the choroid is mainly affected by posterior
ciliary artery, and it is less accurately analyzed by FAG
examination. To our knowledge, this study is the first to
analyze the association between choroidal thickness and
FAG parameters in OIS affected eye and to evaluate the
clinical significance of choroidal thickness with regard to
serial examinations in patients with OIS.

There are some limitations to this study, including its
retrospective nature and small sample size. These factors
could result in selection bias and affect outcomes. We
could not evaluate carotid artery stenosis with a single
method and used carotid Doppler test or MRA, but 81%
patient had carotid artery stenosis. Carotid Doppler exam-
ination allows detection of carotid artery stenosis not in
100%, but at least 75% of cases [3]. In this study, we decid-
ed to diagnose these patients as OIS based on obvious find-
ings in clinical symptoms, slit-lamp microscopy and fluo-
rescein angiography without confirming of the carotid
Doppler examination or brain MRA. The current study
only covers the short follow period. Although we consid-
ered that changes in the choroidal vascular structure had



already occurred at the time of diagnose, it would have
been better if the longer follow-up results were reinforced.
Further evaluations will be needed. Although the measure-
ment of choroidal thickness was conducted by skilled spe-
cialists, human-based errors and biases cannot be com-
pletely ruled out. Nevertheless, the present study
contributes important information to the field of ophthal-
mology and suggests directions for further research on
choroidal thickness and OIS.

In conclusion, we found that the choroidal thickness of
the eyes with OIS was significantly less than that of the
unaffected fellow eyes, especially in the central area of the
macula. It can be stated that this reduction of choroidal
thickness takes place in the early phase of the disease,
which is substantiated by the fact that no significant
changes in choroidal thickness were noted during the fol-
low-up period. Further large-scale and prospective studies
are needed to verify the clinical significance of choroidal
thickness in eyes with OIS.
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