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Abstract

e AIM: To evaluate the axial length (AXL) in unilateral
idiopathic central serous chorioretinopathy (CSC).
e METHODS: This retrospective case—control study was

comprised of a consecutive case series of 35 patients
with acute unilateral idiopathic CSC, and age- and sex-
matched 50 control eyes. AXL of both eyes of unilateral
CSC patients and the control eyes were investigated.
AXL was measured by ultrasonic biometry, and the
adjusted AXL was calculated for CSC eyes as measured
AXL plus differences of foveal thickness between CSC
and normal fellow eyes in millimeters. The main outcome
measures were comparison of AXL between CSC, fellow
and control eyes.

e RESULTS: The mean age of 35 CSC patients was
45.5y, and 31 males were included. The adjusted AXL of
CSC eyes was 23.52 mm, and the AXL of fellow eyes was
23.46 mm, and of control eyes 23.94 mm. The AXL of
both CSC and fellow eyes were significantly shorter than
control eyes (CSC ws control, A2 =0.044; fellow wus
control, ~=0.026). There was no statistically significant
difference in AXL between CSC and fellow eyes.

e CONCLUSION: In unilateral idiopathic CSC, the AXL of

CSC and fellow eyes are shorter than that of control
eyes. Short AXL may be related with choroidal circulation
abnormality in CSC.
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INTRODUCTION
pathophysiology

T he central
chorioretinopathy (CSC) remains unclear, but current

underlying serous
understanding focuses on abnormal choroidal circulation.

Indocyanine green angiography (ICGA) showed a delayed

filling of the choroidal arteries and choriocapillaris, choroidal
venous dilatation, and increased permeability of the
choriocapillaries 7. Choroidal vascular hyperpermeability is
thought to be a primary pathology, possibly as a result of
stasis, ischemia, or inflammation of choroid™.
Thickened choroid may be an evidence supporting abnormal
choroidal circulation in CSC. Recent enhanced depth
imaging spectral-domain optical coherence tomography
(EDI-OCT) studies showed thickening of choroid in CSCP'.
Choroidal hyperpermeability through fluid accumulation and
the choroidal vascular dilatation is thought to be a cause of
the choroidal thickening, but the exact underlying cause of
choroidal thickening is not determined. Furthermore, some
reports found that the choroidal thickness did not reached
normal levels in resolved CSC "1, As thickened choroid is
seen in the eye with short axial length (AXL)!™, short AXL
could play a partial role for choroidal thickening in CSC.
However, some research suggests that the AXL of an eye
with CSC may not be short. A recent study of resolved and
treated CSC showed a significant decrease in the choroidal
thickness after photodynamic therapy or spontaneous
resolution, reaching normal levels in some cases 2. Another
consideration is refractive errors in CSC. CSC is known to
be typically seen in mild hyperopic and emmetropic eyes™.
Recent two Korean studies also reported a refractive error of
-0.50 to -0.60 diopters in CSC "' These findings suggest
that the AXL of an eye with CSC is uncertain and hard to
predict.
To the best of our knowledge, there has been no report about
AXL in idiopathic CSC. Herein, we investigated the AXL in
acute unilateral idiopathic CSC.
SUBJECTS AND METHODS
This retrospective case-control study followed the tenets of
the Declaration of Helsinki, and approved by Institutional
Review Board of Gachon University Gil Hospital. All patients
enrolled in the study were made to sign an informed consent.
A retrospective chart review of consecutive patients
diagnosed with acute unilateral idiopathic CSC between
August 2009 and August 2012 at Gachon University Gil
Hospital was performed. CSC was diagnosed if eyes
presented with subretinal fluid in the macula associated with
one or a few leaks from the retinal pigment epithelium seen
in fluorescein angiography. Acute CSC was defined as the
duration of symptom within 3mo. Unilateral CSC was
defined as unilateral manifestation of CSC at presentation,
with the normal contralateral unaffected eye showing no
7
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Table 1 Baseline characteristics of CSC and control groups

Characteristics CSC group Control group P
No. of eyes 35 50 NA
Mean age (a, range) 45.5+6.5 (34-55) 46.6+4.3 (35-55) 0.376*
Gender (M:F) 31:4 44:6 1.000°
Laterality (R:L) 15:20 25:25 0.659°
History of hypertension, n (%) 4(11) 6(12) 1.000°
History of diabetes mellitus, n (%) 2 (6) 48 1.000°

CSC: Central serous chorioretinopathy; NA: Not applicable. *#-test; ° Fisher’s exact test.

changes associated with CSC. Exclusion criteria were: 1)
patients with systemic steroid use, pregnancy, Cushing's
syndrome, end stage renal disease, collagen vascular disease,
obstructive sleep apnea, Helicobacter pylori infection, or
organ transplantation; 2) patients older than 55 years old; 3)
spherical equivalent outside of the range from +6.0 to -6.0
diopters; 4) AXL outside of the range from 20.0 to 26.0 mm;
5) patients with previous ocular surgery damaged the cornea
or sclera, for example, laser refractive surgery, cataract
surgery, or vitrectomy; 6) patients with any vitreoretinal
disease, for example, age-related macular degeneration,
diabetic retinopathy, or retinal vein occlusion. Psychosomatic
factors such as type A personality or emotional stress, and
behavioral factors such as smoking or alcohol use were not
considered in this study.

Medical record information, including age, sex, laterality of
eyes, history of hypertension and diabetes mellitus, and
ocular biometrics such as AXL, spherical equivalent, foveal
thickness, radius of corneal curvature, and keratometry
reading, was obtained. Ocular biometric examinations were
performed at the time of manifestation of CSC at
presentation. Both eyes of CSC patients, CSC eyes and
fellow eyes, were examined.

AXL was measured using a 10-MHz A/B mode
ultrasonography device (Cine Scan, Quantel Medical,
Clermont-Ferrand, France) by one optometric specialist with
an applanation technique that measured AXL from the
corneal vertex to the vitreoretinal interface. A minimum of
10 AXL recordings were made for each eye and the mean
calculated. Because the end point of AXL is vitreoretinal
surface in A-scan ultrasound method, the AXL of a CSC
eye, which presents subfoveal fluid and anterior shifting of
vitreoretinal surface, can potentially be measured shorter
than that without subfoveal fluid. So, we converted measured
AXL to "adjusted" AXL for CSC eyes. The adjusted AXL
was calculated using the following formula: adjusted AXL=
(measured AXL in millimeters)+ (differences of forveal
thickness between CSC and normal fellow eyes in
millimeters).

Objective refraction without cycloplegia was measured by an
(NIDEK ARK-510A, Nidek Co.,
Ltd., Gamagori, Japan). Subjective refraction was finally

autokeratorefractometer

determined by one trained optometrist, with objective
refraction values as the starting point. The spherical
718

equivalent refraction (SER) was calculated with the spherical
dioptric power plus half the cylindrical dioptric power from
the subjective refraction values measured in diopters (D).
Foveal thickness was measured using the fast macular scan
of Stratus OCT3 version 4.0 software (Carl Zeiss Meditec,
Dublin, California, USA). Radius of corneal curvature and
keratometry reading were determined as the mean of three
consecutive measures using an autokeratorefractometer.

The control group consisted of randomly selected patients
undergoing cataract surgery without any signs associated
with CSC, and matched for age and gender. Exclusion
criteria listed above was applied equally to the control group.
Additional exclusion criteria of control group were patients
with traumatic cataract, toxic cataract, or cataract related to
known systemic or genetic diseases.

The data were analyzed using 7 -test, paired 7 -test and
Fisher's exact test. Comparisons of ocular biometrics
between CSC, fellow, and control eyes were performed. The
statistical analyses were performed with SPSS software
version 12.0 (SPSS Inc., Chicago, IL, USA), and #<0.05
was considered statistically significant.

RESULTS

The CSC group with unilateral idiopathic CSC consisted of
35 patients (31 men) with a mean age of 45.5 years old
(range 34-55y), and both eyes were phakic in all patients
without cataract. The control group undergoing cataract
surgery included 50 patients (44 men) with a mean age of
46.6 years old (range 35-55y). No statistically significant
difference of the baseline characteristics, including age,
gender, laterality of eyes, and history of hypertension or
diabetes mellitus, was noted between study and control
group (Table 1).

The adjusted AXL of CSC eyes was 23.52 mm, and the AXL
of fellow eyes was 23.46 mm and of control eyes 23.94 mm. The
AXL of both CSC and fellow eyes were significantly shorter
than that of control eyes (CSC rscontrol, #~=0.044, and
fellow ws control, Z~=0.026), and no difference in AXL
between CSC and fellow eyes was detected (Table 2, Figure 1).
Spherical equivalent, corneal radius and keratometry did not
differ among the three groups (Table 2).

DISCUSSION

The most common form of CSC is idiopathic, although many
conditions, such as systemic steroid or symphatomimetics
use, pregnancy, Cushing's syndrome, collagen vascular
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Table 2 Comparison of ocular biometrics between CSC, fellow and control eyes

Biometrics CSC eyes Fellow eyes  Control eyes 5 P 5 C
CSC vs control Fellow vs control CSC vs fellow
Spherical equivalent (D) -0.09+0.82 -0.24+0.77 -0.48+1.40 0.142 0.371 0.412
Foveal thickness (pm) 376121 196425 201+26 <0.001 0.381 <0.0001
Axial length (mm) 23.52+0.84"  23.46+0.84 23.94+1.05 0.044 0.026 0.757
Corneal radius (mm) 7.77+£0.22 7.77+£0.21 7.71+£0.27 0.341 0.357 0.974
Keratometry (D) 43.51+1.31 43.50+1.29 43.80+1.56 0.371 0.365 0.995

CSC: Central serous chorioretinopathy. “Adjusted axial length for CSC eyes; ® ¢-test; “paired t-test.
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Figure 1 Comparison of AXL between CSC, fellow and
control eyes The 7-test revealed statistically significant differences
in AXL between CSC and control eyes and between fellow and
control eyes, but not between CSC and fellow eyes.*t-test.

diseases, obstructive sleep apnoea, antibiotic use, alcohol
use, allergic respiratory disease, and untreated hypertension,
were determined as risk factors of CSC!'. The subject of this
study was idiopathic CSC, and the AXL was shorter in CSC
eyes than control eyes. This suggests that shorter AXL could
be an underlying condition of idiopathic CSC.

We suppose two possible mechanisms that short AXL affects
the abnormal choroidal circulation and development of CSC.
The first is increased resistance of choroidal venous outflow.
The choroidal venous drainage pathway from choroidal
vessels to superior and inferior ophthalmic veins consists of
the vortex veins which penetrate the sclera. In the eye with
short AXL, the sclera is thick and rigid, and the scleral
flexibility may decrease. The resistance of the vortex veins
passing the rigid sclera can increase, resulting in decreased
choroidal venous outflow and abnormal choroidal
circulation. The second is decreased trans-scleral outflow.
Because the sclera of the eye with short AXL is thick and
the scleral tissues are compact, the scleral thickening may
decrease the transscleral fluid outflow associated with the
stasis of choroidal circulation. Increased resistance of
choroidal venous outflow and decreased transscleral outflow
can result in increased choroidal vascular pressure, and
increased stress on vessel wall may induce the choroidal
hyperpermeability. ~ Furthermore,

choroidal outflow can result in decreased perfusion pressure

vascular decreased

of the choroid, and resultant decrease in choroidal blood

flow may induce ischemia and inflammation of
choriocapillaries and RPE disruption, and partially affect
poor retinal cooling, making the RPE vulnerable to oxidative
stress.

Bilateral involvement of CSC has been reported to occur in
up to 40% of cases . Choroidal abnormalities of the
contralateral unaffected eye in unilateral CSC have been
noted. Choroidal
unaffected fellow eye of unilateral CSC has been reported in
ICGA studies P78 Recent EDI-OCT studies noted
increased choroidal thickness in the unaffected fellow eye of
unilateral CSC "' In the current study, the AXL of the

fellow eyes was shorter than the control eyes. Short AXL as

vascular hyperpermeability in the

an underlying condition of the unaffected fellow eye is a new
finding, supporting choroidal abnormalities in the clinically
unaffected fellow eye in unilateral CSC.

To evaluate AXL as an underlying condition of CSC,
ultrasonic measurement of AXL after resolution of acute
CSC or before development of CSC would be more
informative than that in acute CSC, but it is difficult in the
usual clinical settings. In this study, "adjusted" AXL was
used for acute CSC eyes, because ultrasonically measured
AXL might have an error in acute CSC with serous retinal
detachment. However, an adjusted AXL, calculated from
measured AXL, should be regarded as "presumed true" AXL
which may be the AXL after resolution of acute CSC or
before the development of CSC. In addition, the AXL of the
clinically unaffected fellow eye could be an alternative for
the AXL in acute unilateral CSC. In acute CSC with anterior
shifting of vitreoretinal surface, partial coherence laser
interferometry may be more precise because this device
measures AXL through detecting the retinal pigment
epithelial (RPE) layer. However, in acute CSC with retinal
(PED), PED should be
assessed and the AXL may need to be adjusted in partial

pigment epithelial detachment

coherence laser interferometry as in ultrasonic biometry of
our study.

Our study has some considerations. First, our control group
was not a normal population. The control eyes of current
study were randomly selected patients undergoing cataract
surgery, mean age of 46.6y, 88% males and mean axial of
23.94 mm. Because our control group was not a normal
population, it is essential to compare the AXL of our control
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Table 3 AXL of normal males aged 40-49y in east and southeast Asian population or cohort-based studies

Ethnicity Study No. of eyes  Axial length (mm) Methods

Koreans Healthy twin study!”’ 133 24.14 Ultrasonic biometry

Singaporean Malay Singapore Malay eye study!?" 361 23.88 Partial coherence laser interferometry
Singaporean Chinese Tanjung Pagar survey!*! 120 23.80 Ultrasonic biometry

Singaporean Indian Singapore Indian eye study®” 427 23.71 Partial coherence laser interferometry

eyes with that of an age, sex and ethnicity matched normal
population. Among the 50 control eyes of this study, 44 eyes
were of males aged from 40 to 49y with a mean AXL of
23.98 mm. The AXL of normal males aged 40-49y in east or
southeast Asian population- or cohort-based studies were
24.14 mm in one Korean study and from 23.71 to 23.88 mm
in three Singaporean studies (Table 3) %] Although the
AXL of our study was similar to prior studies, further study
is needed to compare the AXL of CSC eye with normal
population. Second, the sample size of the subjects in current
study was small. Although this study showed a statistically
significant difference of 2 <0.05 in AXL between study and
control eyes, a sample size of 35 study eyes and 50 control
eyes achieved an 53.2% statistical power of a two-sided
7 -test. Regarding this study as a reference, further large
study should verify the differences in the AXL between CSC
and normal eyes. Third, because the subjects of this study
were Koreans, ethnic variations of AXL should be
considered. Fourth, as this study showed shorter AXL in
CSC eye, the relation between the AXL and choroidal
thickness by EDI-OCT or choroidal circulation abnormality
by ICGA would be interesting.

In conclusion, in unilateral idiopathic CSC, the AXL of CSC
and fellow eyes was shorter than that of control eyes. Short
AXL may be related with choroidal circulation abnormality
in CSC.
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