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Original Article

Cataract surgery is a very common procedure in elderly 
patients, and the final refractive outcome is the major de-
termining factor for patient satisfaction following the pro-
cedure. To maximize visual acuity, a precise intraocular 
lens (IOL) power calculation must be performed; in partic-
ular, axial length (AXL) measurements are essential for 

determining the accuracy of IOL power calculations. Be-
cause cataract is frequently accompanied by retinal diseas-
es in the elderly, macular abnormalities are common in pa-
tients undergoing cataract surgery. Hirnschall et al. 
reported that the prevalence of macular abnormalities de-
termined by swept-source optical coherence tomography 
biometry was approximately 54% among patients who 
were scheduled to undergo cataract surgery [1]. Moreover, 
previous studies reported that macular abnormalities af-
fected AXL measurement [2,3]. 

The AXL is usually measured using contact ultrasound 
biometry and partial optical coherence interferometry 
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Purpose: To evaluate the changes of axial length (AXL) in eyes with unilateral idiopathic central serous chorio-

retinopathy (CSC) after resolution of serous retinal detachment. 

Methods: A total of 31 patients diagnosed with idiopathic unilateral CSC were included in this study. The 

changes of AXL according to serous retinal detachment were examined. The keratometric value and AXL 

were measured using partial coherence interferometry. Serous retinal detachment and central macular thick-

ness (CMT) were measured by spectral domain optical coherence tomography.

Results: The mean age of the 31 CSC patients, including 19 males, was 42.7 years. The AXL was significantly 

increased from 23.41 to 23.58 mm after resolution of serous retinal detachment (p < 0.001). The CMT was 

significantly decreased from 413.4 to 226.8 µm after resolution of serous retinal detachment (p < 0.001). The 

differences in AXL correlated with CMT differences and subretinal fluid height (r = -0.616, p < 0.001 and r = 

-0.637, p < 0.001, respectively), and the best-corrected visual acuity was significantly different after resolu-

tion of serous retinal detachment (p < 0.001). 

Conclusions: In unilateral idiopathic CSC with serous retinal detachment, a shortened AXL in the acute phase 

was restored after resolution of serous retinal detachment. 
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(PCI) techniques. Previous studies have reported that, be-
cause ultrasound determines the AXL between the corneal 
vertex and internal limiting membrane, patients with a 
thickened macula have shorter AXL measurements [4-6]. 
In contrast, PCI measures the AXL between the corneal 
vertex and retinal pigment epithelium (RPE), so the AXL 
measurement is less likely to be affected by macular thick-
ness [7-9].

Central serous chorioretinopathy (CSC) is a disorder 
characterized by serous detachment of the neurosensory 
retina and/or RPE detachment at the posterior pole. CSC 
typically affects young to middle-aged males, with mild to 
moderate visual loss. In most cases, CSC spontaneously 
resolves within several months, without sequelae [10-12].

To the best of our knowledge, there have been no pro-
spective studies that have examined the effect of serous 
retinal detachment on AXL measurements. Therefore, we 
used PCI and spectral-domain optical coherence tomogra-
phy (SD-OCT) to compare the AXL of idiopathic CSC 
eyes with serous retinal detachment with those showing 
serous retinal detachment resolution.

Materials and Methods

Patients

The protocol was approved by the institutional review 
board of Chungnam National University Hospital (2013-11-
008). All patients signed an informed consent form, and the 
study adhered to the tenets of the Declaration of Helsinki. 

We prospectively reviewed the medical records of pa-
tients with idiopathic CSC who were diagnosed at Chun-
gnam National University Hospital between January 2014 
and January 2016. Idiopathic CSC was diagnosed as the 
presence of a serous retinal detachment involving the mac-
ula, confirmed by SD-OCT, with one or a few leaks seen 
in the RPE using fluorescein angiography. We included pa-
tients with unilateral involvement at the time of diagnosis 
and after resolution of serous retinal detachment was con-
firmed using OCT and who were analyzed with both par-
tial coherence interferometry and SD-OCT. Exclusion cri-
teria were 1) systemic steroid use; 2) older than 55 years of 
age; 3) any vitreoretinal disease such as age-related macu-
lar degeneration, diabetic retinopathy, or retinal vascular 
occlusion; 4) OCT signal strength < 7; and 5) lack of a PCI 

measurement due to media opacity.
Both eyes were examined using autorefraction, intraocu-

lar pressure using a non-contact tonometer, best-corrected 
visual acuity (BCVA), slit-lamp biomicroscopy, and a di-
lated fundus examination. Medical record information 
comprised age, sex, laterality, and duration of subjective 
symptoms.

IOL Master and SD-OCT

All IOL Master (Carl Zeiss, Jena, Germany) and Cirrus 
OCT (Carl Zeiss Meditec, Dublin, CA, USA) examinations 
were performed by the same experienced examiner. 
During AXL measurements, all patients were asked to 
stare at the system’s fixation target. The mean value of at 
least 10 valid measurements was defined as the AXL. Nu-
meric values were automatically calculated by IOL Master 
software. According to the manufacturer’s recommenda-
tions, valid measurements should have a signal-to-noise ra-
tio >2.0 and acceptable waveform graphs. Keratometric 
value, AXL, and anterior chamber depth (ACD) were mea-
sured using PCI. 

The macular cube 512 × 128 combination scan mode of 
the Cirrus HD-OCT was used for this study. This mode 
had 6 × 6 mm macular areas scanned into 512 × 128 dots to 
measure the thickness. The 6 × 6 mm circle belonged to 
the Early Treatment of Diabetic Retinopathy Study sub-
field and was divided into three concentric circles with di-
ameters of 1, 3, and 6 mm as the central, inner, and outer 
circles, respectively; all of these circles were again split 
into four sides (superior, inferior, nasal, and temporal). We 
analyzed the central macular thickness (CMT). The pres-
ence of serous retinal detachment and CMT was measured 
using SD-OCT (Fig. 1). Subretinal fluid (SRF) height was 
measured manually between the outer segment of the pho-
toreceptor layer and the apical face of the RPE layer.

Statistical analysis

Statistical analyses were performed using SPSS ver. 12.0 
(SPSS Inc., Chicago, IL, USA). Comparisons of ocular bio-
metrics before and after resolution of serous retinal detach-
ment were analyzed using Student’s paired t-test. Correla-
tion and linear regression analyses were used to define 
clinical variables associated with AXL differences. A val-
ue of p < 0.05 was considered statistically significant.
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Results

This study included 31 patients (19 males and 12 females) 
who were diagnosed with unilateral idiopathic CSC. The 
mean patient age was 42.7 ± 9.0 years. Both eyes were pha-
kic in all patients without cataract. There were 12 affected 
right eyes and 19 affected left eyes. The mean time from 
onset of subjective symptoms to the initial visit was 3.4 ± 
2.5 weeks. The mean value of SRF height was 185.8 ± 94.5 
µm in the acute phase (Table 1). 

The AXL significantly increased from 23.41 to 23.58 mm 
after resolution of serous retinal detachment (p < 0.001). 
CMT significantly decreased from 413.4 to 226.8 µm after 
resolution of serous retinal detachment (p < 0.001). The 
BCVA was significantly different after resolution of serous 
retinal detachment (0.20 ± 0.24 vs. 0.05 ± 0.18, p < 0.001), 
while the spherical equivalent, keratometric value, and 
ACD did not significantly change (-0.13 ± 1.33 vs. -0.17 ± 
1.29 diopters [D], 43.95 ± 1.59 vs. 44.01 ± 1.58 D, and 3.36 ± 

0.50 vs. 3.40 ± 0.48 D, respectively; p = 0.478, p = 0.174, 
and p = 0.070, respectively) (Table 2). Table 3 shows the 
correlations of clinical variables associated with AXL dif-
ferences. The differences in AXL were significantly asso-
ciated with CMT differences and SRF height differences (r 
= -0.616, p < 0.001, and r = -0.637, p < 0.001, respectively) 
(Fig. 2).

Table 1. Patient demographics

Characteristics Value
No. of eyes 31
Age (yr) 42.7 ± 9.0
Sex (male : female) 19 : 12
Laterality (right : left) 12 : 19
Symptom duration (wk) 3.4 ± 2.5
Subretinal fluid height (µm) 185.8 ± 94.5

Values are presented as number or mean ± standard deviation.

Fig. 1. Representative optical coherence tomography images of a patient with serous macular elevation with left central serous chorioreti-
nopathy. (A) The central macular thickness was 491 µm, and the axial length measured by partial coherence interferometry was 23.31 mm 
in the presence of serous retinal detachment; (B) the central macular thickness decreased to 240 µm and the axial length increased to 23.75 
mm after resolution of serous retinal detachment. ILM-RPE = internal limiting membrane retinal pigment epithelium; AL = axial length; 
SD = standard deviation; SNR = signal-to-noise ratio; K1 = flat keratometric value; D = diopters; K2 = steep keratometric value; SE = 
spherical equivalent; opt. ACD = optical anterior chamber depth.
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Discussion

CSC is a common retinal disorder characterized by accu-
mulation of serous fluid under the neurosensory retina in 
healthy, young adults. CSC is five- to six-fold more com-
mon in males than females. In the current study, the mean 
age of patients was 42.7 years, which included 19 (61.3%) 
males.

Evaluation of the macula is important in the diagnoses of 
many retinal diseases. Before introduction of OCT, macu-
lar edema was subjectively diagnosed using funduscopic 
observations. Thereafter, introduction of OCT provided 
cross-sectional images of retinal layers and quantified 
macular thickness. OCT advances have therefore facilitated 
imaging of the pathological features of numerous retinal 
diseases, including qualitative analyses of SRF and intra-

retinal cysts, enabling OCT to be used in the diagnosis and 
treatment of numerous retinal diseases.

Macular edema caused by the epiretinal membrane does 
not manifest significant short-term changes. Macular ede-
ma associated with diabetes or age-related macular degen-
eration requires more aggressive treatment such as intravit-

Fig. 2. A scatterplot of the differences in central macular thick-
nesses and subretinal f luid height with axial lengths between 
eyes before and after resolution of serous retinal detachment. The 
differences in axial lengths were significantly associated with dif-
ferences of (A) central macular thickness and (B) subretinal fluid 
height (r = -0.616, p < 0.001 and r = -0.637, p < 0.001, respectively)

Table 2. Measurements of eyes with unilateral central serous chorioretinopathy before and after resolution of serous retinal de-
tachment 

Serous RD(+) Serous RD(-) p-value*

Spherical equivalent (D) -0.13 ± 1.33 -0.17 ± 1.29 0.478
Keratometric value (D) 43.95 ± 1.59 44.01 ± 1.58 0.174
Anterior chamber depth (mm) 3.36 ± 0.50 3.40 ± 0.48 0.070
Central macular thickness (μm) 413.4 ± 94.6 226.8 ± 20.6 <0.001
Best-corrected visual acuity (logMAR) 0.20 ± 0.24 0.05 ± 0.18 <0.001
Intraocular pressure (mmHg) 16.2 ± 2.4 15.7 ± 2.8 0.344
Axial length (mm) 23.41 ± 0.86 23.58 ± 0.87 <0.001

Values are presented as mean ± standard deviation.
RD = retinal detachment; D = diopters; logMAR = logarithm of the minimum angle of resolution.
*Student’s paired t-test.

Table 3. Correlation analyses of clinical variables associated 
with change in axial length 

Change in r p-value
Spherical equivalent (D) -0.450 0.811
Keratometric value (D) 0.396 0.058
Anterior chamber depth (mm) -0.090 0.629
Central macular thickness (μm) -0.616 <0.001
Subretinal fluid height (μm) -0.637 <0.001
Best-corrected visual acuity (logMAR) -0.174 0.348
Intraocular pressure (mmHg) -0.006 0.974

D = diopters; logMAR = logarithm of the minimum angle of 
resolution.

0.8

0.6

0.4

0.2

0.0

-0.2

-400 -300 -200 -100 0

-400 -300 -200 -100 0

Ax
ial

 le
ng

th
 d

iffe
re

nc
es

 (m
m

)

Central macular thickness differences (μm)

0.8

0.6

0.4

0.2

0.0

-0.2

Ax
ial

 le
ng

th
 d

iffe
re

nc
es

 (m
m

)

Subretinal fluid height differences (μm)

A

B



67

YI Shin, et al. Effect of Serous RD on AXL Measurement

real injection, and frequent relapses may damage the 
macula. In contrast, acute CSC develops a serous retinal 
detachment; in most cases, CSC spontaneously resolves 
without sequelae. Based on these results, we characterized 
the effects of serous retinal detachment on AXL measure-
ments in CSC patients. 

Because cataract is frequently accompanied by retinal 
diseases in the elderly, macular abnormalities are common 
in patients with cataract surgery. When macular edema is 
present, visual acuity may not be fully corrected after cata-
ract surgery. For this reason, accurate postoperative refrac-
tive predictability is an important factor. To ensure a better 
quality of visual acuity after cataract surgery, accurate IOL 
power calculation is essential, and accurate biometric mea-
surements (e.g., corneal curvature and AXL) are necessary. 
Inaccurate biometric measurements may significantly af-
fect the refractive outcomes [13,14]. However, many studies 
have reported that both autokeratometry and PCI provide 
biometric measurements with high accuracy, precision, and 
reproducibility [15-17].

AXL is usually measured using ultrasound and PCI. 
However, the two techniques have different measurement 
principles; the PCI-based AXL is longer than that mea-
sured by ultrasound by approximately 0.1 to 0.2 mm 
[8,9,18]. Previous studies have reported that, in macular 
edema, the AXL measurements using the IOL Master are 
more precise than those of ultrasound biometry, because 
the AXL is defined as the distance from the corneal vertex 
to the RPE, whereas ultrasound measures the distance to 
the anterior retinal surface. In cases of retinal detachment, 
which can affect the reflected peak or segmentation algo-
rithm, AXL can be measured incorrectly [19,20]. 

Controversy exists regarding the correlation between 
AXL and macular thickness measured with OCT. Kovacs 
et al. [2] reported a postoperative myopic shift of -0.79 D 
when AXL was measured for IOL power calculations in 
combined cataract surgery and vitrectomy in patients with 
macular edema, suggesting that the observed myopic shifts 
because of erroneous IOL calculations resulted from un-
derestimation of AXL due to a thicker macula associated 
with macular edema. Ueda et al. [3] also reported a signifi-
cant difference between AXL measurements using ultra-
sound and those with PCI in patients with diabetic macular 
edema. The differences in AXL measurements were posi-
tively correlated with macular thickness. However, At-
tas-Fox et al. [19] did not find a correlation between the dif-

ferences in AXL and macular thickness, although they 
reported a significant difference between AXL measure-
ments using ultrasound and PCI.

Previous reports compared the biometric characteristics 
of unilateral acute CSC eyes with SRF with those of non-
symptomatic fellow eyes. Moon et al. [21] performed ultra-
sound AXL measurements and noted that the AXL of CSC 
eyes with serous retinal detachment was potentially shorter 
due to anterior shifting of the vitreoretinal surface. Oh et 
al. [22] used the same PCI as the current study for AXL 
measurements and reported that the AXL was significantly 
shorter in CSC eyes than in fellow eyes (23.76 vs. 24.00 
mm). The difference in AXL between eyes significantly 
correlated with the difference in ACD and subfoveal cho-
roidal thickness but did not correlate with central subfoveal 
retinal thickness. Since we measured only CMT using SD-
OCT, additional studies on the relationship between choroi-
dal thickness and AL are needed using enhanced depth 
imaging-OCT. 

In the present study, the AXL of CSC eyes significantly 
increased from 23.41 to 23.58 mm after resolution of serous 
retinal detachment (p < 0.001), and the difference in AXL 
significantly correlated with the differences in CMT and in 
SRF height. However, there was no significant difference 
in ACD between CSC eyes (3.36 mm with serous retinal 
detachment vs. 3.40 mm after resolution of serous retinal 
detachment), which did show significant difference in Oh 
et al. The reason for these different results may be the dif-
ference in study design between the two studies in that we 
compared affected eyes before and after resolution of se-
rous retinal detachment, while Oh et al. [22] compared af-
fected eyes with fellow eyes. Other ocular biometrics, such 
as spherical equivalent, average keratometry, ACD, BCVA, 
and IOP, did not show a significant difference before and 
after resolution of serous retinal detachment.

Mayer et al. [23] reported that IOL Master was not able 
to differentiate RPE from a dense posterior membrane and 
the anterior surface of the macular edema. In the present 
study, the AXL was shorter in CSC eyes with serous reti-
nal detachment. This process resulted from the following 
possible mechanisms: 1) AXL measurements were per-
formed on other retinal layers, not the RPE layer, because 
of serious retinal detachment, or RPE layers were detected 
more anteriorly because of increased subfoveal choroidal 
thickness; 2) AXL in areas other than the fovea was mea-
sured because of poor fixation associated with the accom-
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panying visual loss (incorrect alignment would result in 
underestimation of AXL); and 3) light scattering of the in-
coming and outgoing rays can cause inaccurate AXL mea-
surements. The amount of SRF under the macula may 
serve as an impediment to light penetration, resulting in 
erroneous measurement [24].

This study was limited by a relatively small sample size. 
Unlike other studies, which were retrospective, we pro-
spectively analyzed AXL changes. In addition to the pro-
spective study design, another advantage of this study was 
that it determined the longitudinal changes of unilateral 
CSC eyes in AXL measurements with respect to the natu-
ral course of SRF absorption, rather than using a cross-sec-
tional study in CSC and fellow eyes. 

In conclusion, the results of our study demonstrated that 
shortened AXL in the acute phase was restored after reso-
lution of serous retinal detachment. Further prospective 
studies are needed to compare AXL measured with ultra-
sound biometry and that with PCI in CSC eyes, as well as 
studies about the effects of serious retinal detachment on 
AXL measurements in eyes with other retinal diseases. 
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