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Original Article

Optical coherence tomography (OCT) allows real-time 
cross-sectional imaging of the retina with high axial and 

transverse resolution [1]. OCT is a useful diagnostic modal-
ity for assessing glaucoma and macular disease. Many stud-
ies have evaluated changes in the retinal nerve fiber layer 
(RNFL) and macular thickness to assess glaucoma pro-
gression and macular disease detection [2-5]. OCT image 
quality is influenced by media opacity, which is altered by 
cataracts, vitreous opacity, and silicone oil in the vitreous 
cavity [6-8]. Thus, changes in media opacity can affect OCT 
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Purpose: To investigate the effects of cataract grade based on wide-field fundus imaging on macular thickness 

measured by spectral domain optical coherence tomography (SD-OCT) and its signal-to-noise ratio (SNR).

Methods: Two hundred cataract patients (200 eyes) with preoperative measurements by wide-field fundus 

imaging and macular SD-OCT were enrolled. Cataract severity was graded from 1 to 4 according to the de-

gree of macular obscuring by cataract artifact in fundus photo images. Cataract grade based on wide-field 

fundus image, the Lens Opacity Classification System III, macular thickness, and SD-OCT SNR were com-

pared. All SD-OCT B-scan images were evaluated to detect errors in retinal layer segmentation.

Results: Cataract grade based on wide-field fundus imaging was positively correlated with grade of posterior 

subcapsular cataracts (rho = 0.486, p < 0.001), but not with nuclear opalescence or cortical cataract us-

ing the Lens Opacity Classification System III. Cataract grade was negatively correlated with total macular 

thickness (rho = -0.509, p < 0.001) and SD-OCT SNR (rho = -0.568, p < 0.001). SD-OCT SNR was positively 

correlated with total macular thickness (rho = 0.571, p < 0.001). Of 200 eyes, 97 (48.5%) had segmentation 

errors on SD-OCT. As cataract grade increased and SD-OCT SNR decreased, the percentage of eyes with 

segmentation errors on SD-OCT increased. All measurements of macular thickness in eyes without segmen-

tation errors were significantly greater than those of eyes with segmentation errors.

Conclusions: Posterior subcapsular cataracts had profound effects on cataract grade based on wide-field 

fundus imaging. As cataract grade based on wide-field fundus image increased, macular thickness tend-

ed to be underestimated due to segmentation errors in SD-OCT images. Segmentation errors in SD-OCT 

should be considered when evaluating macular thickness in eyes with cataracts.
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measurements. Previous studies demonstrated that RNFL 
thickness and macular thickness increased after cataract 
surgery [8-11]. These increases in RNFL and macular thick-
ness could be due to changes in media opacity after cataract 
surgery rather than postoperative retinal edema [8,12,13].

An ultra-wide-field scanning laser ophthalmoscope (SLO) 
(Optos Optomap Panoramic 200MA; Optos PLC, Dunfer-
mline, Scotland) allows wide-angle retinal imaging [14]. The 
Optos Optomap increases the depth of focus, allowing the 
entire retina to be seen in a single image, and improves the 
detection of peripheral retinal pathology compared to con-
ventional small-angle fundus imaging [15-17]. However, wide-
field fundus images can be affected by unwanted artifacts 
from cataracts, eyelashes, and eyelids due to increased depth 
of focus [18]. In cataract patients, cataract artifacts frequently 
obscure the macular area in wide-field fundus photos. As 
cataract severity increases, the degree of macular obscuring 
by cataract artifacts increases. Therefore, the aim of this 
study was to evaluate the effects of cataract grade based on 
wide-field fundus imaging on the macular thickness mea-
sured by spectral domain optical coherence tomography (SD-
OCT) and the signal-to-noise ratio (SNR) of SD-OCT.

Materials and Methods

Study population

This retrospective cross-sectional study included 200 
eyes from 200 consecutive cataract patients who underwent 
preoperative wide-field fundus imaging with a wide-field 
scanning ophthalmoscope, macular SD-OCT using a SD-
OCT/SLO system (OPKO/OTI, Miami, FL, USA), and optical 
biometry using an IOLMaster version 5.4 or higher (Carl 
Zeiss Meditech, Jena, Germany) at our institute between 
May 6, 2013 and April 30, 2014. During the study period, 
patient electronic medical records were reviewed to evalu-
ate the type of cataract and whether abnormal findings 
were present on the slit-lamp and fundus examinations. 

Grades of nuclear opalescence (NO), cortical opacities 
(CO), and posterior subcapsular cataract (PSC) were re-
corded using the Lens Opacity Classification System III 
(LOCS III) [19]. Eyes that could be measured using the 
IOLMaster were defined as those with at least three valid 
measurements of an SNR above 1.5 for a single measure-
ment and an SNR above 2.0 for the composite signal [20].

Patients with corneal pathology (such as corneal dystro-
phy or corneal opacity), media opacity other than cataracts, 
retinal pathology (such as age-related macular degeneration, 
epiretinal membrane, or diabetic retinopathy), or glaucoma 
were excluded because these conditions can influence mac-
ular thickness and imaging quality. Patients with refractive 
errors greater than +6.00 diopters (D) or smaller than -6.00 
D also were excluded. OCT scans with operator-dependent 
artifacts, such as a decentration artifact (misidentification of 
the foveal center), were also excluded [21]. This study ad-
hered to the Declaration of Helsinki, and approval for retro-
spective review of clinical records was obtained from the 
institutional review board of Korea University Guro Hospi-
tal (2015GR0730). According to the institutional review 
board standard operating procedures on retrospective single 
center clinical study, ethics committee of the Korea Univer-
sity Guro Hospital ruled that subject consent was not re-
quired for this study. The patient information was complete-
ly anonymized and de-identified prior to analysis.

Main outcome measures

Fundus photos and macular thickness measurements were 
procured under the same scotopic conditions in the same ex-
amination room after pharmacologic pupil dilation using 
Optos Optomap and SD-OCT, respectively. Cataract severity 
was graded from 1 to 4 according to standard fundus photos 
of the Optos Optomap: grade 1, clearly visible or slightly ob-
scured macular area; grade 2, mildly obscured macular area; 
grade 3, moderately obscured, but distinguishable macular 
area; and grade 4, severely obscured, undistinguishable mac-
ular area (Fig. 1A-1D). Cataract grading according to wide-
field fundus imaging was decided by a blind examiner (YE). 
To ensure interobserver reliability for cataract grading 
according to wide-field fundus imaging, all grades were de-
termined on same fundus image by another observer (MK).

3D retinal topography & tomography mode was used as 
the scanning mode for OCT studies. Center, center circle, 
superior, temporal, inferior, nasal region, and total average 
macular thickness were measured using SD-OCT. Center 
average thickness is the average macular thickness at the 
fovea. Center circle average thickness is the average macu-
lar thickness of a circular area centered on the fovea with a 
radius of 0.5 mm. Superior, temporal, inferior, and nasal re-
gion average thickness values are the average macular thick-
ness values of four parafoveal concentric ring zones around 
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the central circle with an inner radius of 0.5 mm and an out-
er radius of 1.5 mm from the fovea. Total average thickness 
is the average macular thickness of the above five subfield 
areas. The quality of SD-OCT images was determined us-
ing SNR, with scores from 1 (lowest image quality) to 10 
(highest image quality). All vertical and horizontal OCT 
B-scan images were evaluated to identify whether segmen-
tation errors (such as inner boundary lines that do not cor-
respond to the internal limiting membrane and/or outer 
boundary lines that do not correspond to the retinal pig-
ment epithelium) occurred on SD-OCT [21].

Statistical analysis

Patient descriptive statistics were obtained using IBM 

SPSS ver. 21.0 (IBM Corp., Armonk, NY, USA). Analysis 
of variance and Fisher exact tests were performed to com-
pare age, sex, and laterality among cataract grade groups. 
Intraclass correlation coefficients were calculated to assess 
the interobserver reliability of cataract grading according 
to wide-field fundus imaging. Pearson and Spearman cor-
relation analyses were performed to evaluate the correlation 
among cataract grade based on wide-field fundus imaging, 
LOCS III grade, age, SD-OCT and IOLMaster SNR, and 
macular thickness. χ2 linear trend tests were performed to 
compare the percentage of eyes that could not be measured 
using the IOLMaster among the cataract grade groups. χ2 
linear trend tests were also performed to compare the per-
centage of eyes with SD-OCT segmentation errors accord-
ing to cataract grade and SD-OCT SNR. The Kruskal Wal-

Fig. 1. Cataract grade according to standard photos of wide-field fundus imaging. (A) Grade 1, clearly visible or slightly obscured macular 
area. (B) Grade 2, mildly obscured macular area. (C) Grade 3, moderately obscured, but distinguishable macular area. (D) Grade 4, severe-
ly obscured, undistinguishable macular area.

A
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lis test with a Bonferroni correction post hoc analysis was 
performed to compare SD-OCT SNR and macular thick-
ness among the cataract grade groups. The Mann-Whitney 
U-test was also performed to compare SD-OCT SNR and 
macular thickness according to presence of segmentation 
errors on SD-OCT. Results were considered statistically sig-
nificant if p-value was less than 0.05. 

Results

A total of 200 eyes from 200 cataract patients were in-
cluded in this study. Of the 200 patients, 76 (38.0%) were 

men and 124 were women. The age (mean ± standard devi-
ation) was 67.8 ± 9.5 years (range, 43 to 93 years). There 
were 91 right eyes (45.5%) and 109 left eyes. Of the 200 eyes, 
47 (23.5%) were cataract grade 1, 64 (32.0%) were grade 2, 
55 (27.5%) were grade 3, and 34 (17.0%) were grade 4 ac-
cording to the standard fundus photos by Optos Optomap. 
There was no significant difference in mean age among the 
four cataract grade groups (Table 1). The intraclass correla-
tion coefficient, calculated to evaluate interobserver reli-
ability for cataract grading according to wide-field fundus 
image, was 0.918.

Using the LOCS III, cataract grade based on wide-field 
fundus imaging was positively correlated with PSC grade 

Table 1. Clinical characteristics of study participants and their eyes according to cataract grade on wide-field fundus imaging

Parameter Total (n = 200)
Cataract grade

p-value
Grade 1 (n = 47) Grade 2 (n = 64) Grade 3 (n = 55) Grade 4 (n = 34)

Age (yr) 67.8 ± 9.5 66.0 ± 8.6 68.3 ± 9.7 68.3 ± 9.9 68.6 ± 9.9 0.536*

Sex
Male 76 (38.0) 19 (40.4) 22 (34.4) 17 (30.9) 18 (52.9) 0.185†

Female 124 (62.0) 28 (59.6) 42 (65.6) 38 (69.1) 16 (47.1)
Laterality 0.016†

Right eye 91 (45.5) 21 (44.7) 29 (45.3) 18 (32.7) 23 (67.6)
Left eye 109 (54.5) 26 (55.3) 35 (54.7) 37 (67.3) 11 (32.4)

Values are presented as mean ± standard deviation or number (%); Cataract grade was classified from 1 to 4 according to the standard 
fundus photos of the Optos Optomap: grade 1, clearly visible or slightly obscured macular area; grade 2, mildly obscured macular area; grade 3, 
moderately obscured, but distinguishable macular area; and grade 4, severely obscured, undistinguishable macular area. 
*Analysis of variance test comparing normally distributed variables among cataract grade groups; †Fisher exact test comparing categori-
cal variables among cataract grade groups.

Fig. 2. Percentage constituents of nuclear opalescence (NO), cortical opacities (CO), and posterior subcapsular cataracts (PSC) with the 
Lens Opacities Classification System III (LOCS III) in cataract grade based on wide-field fundus imaging. (A) NO with the LOCS III. (B) 
CO with the LOCS III. (C) PSC with the LCOS III.
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(rho = 0.486, p < 0.001) but not with NO or CO grade (Fig. 
2A-2C). Cataract grade was negatively correlated with SD-
OCT SNR (rho = -0.588, p < 0.001), IOLMaster SNR (rho = 
-0.625, p < 0.001), and total macular thickness (rho = 
-0.509, p < 0.001). The SD-OCT SNR was negatively cor-

related with age (r = -0.246, p < 0.001), NO (rho = -0.194, p = 
0.006), and PSC grade (rho = -0.220, p < 0.002) according to 
the LOCS III and was positively correlated with IOLMaster 
SNR (rho = 0.430, p < 0.001) and total macular thickness 
(rho = 0.571, p < 0.001) (Table 2). The percentage of eyes that 
could not be measured using the IOLMaster in eyes with 
cataract grade 4 (26.5%) was significantly higher than that 
in eyes with cataract grade 1 (0.0%), 2 (1.6%), or 3 (10.9%) (all, 
p < 0.001).

In macular SD-OCT measurements, the median SNR (in-
terquartile range [IQR], 1 to 3) was 5 (IQR, 5 to 6) for eyes 
with cataract grade 1, 4 (IQR, 4 to 5) for grade 2, 4 (IQR, 3 
to 4) for grade 3, and 3 (IQR, 3 to 4) for grade 4. Among 
all cataract grade groups, the median SNR was significant-
ly highest in cataract grade 1 eyes. The median total mac-
ular thickness (IQR, 1 to 3) was 273 (IQR, 261 to 282) µm 
for eyes that were cataract grade 1, 255 (IQR, 232 to 276) 
µm for grade 2, 245 (IQR, 193 to 256) µm for grade 3, and 
201 (IQR, 145 to 262) µm for grade 4. All macular thickness 
measurements performed using SD-OCT, including center, 
center circle, superior, temporal, inferior, nasal region, and 
total average macular thickness, were highest in cataract 
grade 1 eyes. The median SNR and total macular thickness 
of cataract grade 1 eyes were significantly higher than those 
of cataract grade 2 eyes (Table 3).

Of the 200 eyes, 97 (48.5%) had errors in automated seg-
mentation of the retinal layer in the SD-OCT. The χ2 linear 
trend test showed that the percentage of eyes with segmen-
tation errors tended to increase as cataract grade increased 

Table 2. Correlation analyses among cataract grades on wide-
field fundus imaging, age, LOCS III, SNR, and total macular 
thickness on SD-OCT

CC p-value
Cataract grade vs. age 0.085 0.232*

Cataract grade vs. NO with the LOCS III 0.128 0.070†

Cataract grade vs. CO with the LOCS III 0.075 0.290†

Cataract grade vs. PSC with the LOCS III 0.486 < 0.001†

Cataract grade vs. SD-OCT SNR -0.588 <0.001†

Cataract grade vs. IOLMaster SNR -0.625 <0.001†

Cataract grade vs. total macular thickness -0.509 <0.001†

SD-OCT SNR vs. age -0.246 <0.001*

SD-OCT SNR vs. NO with the LOCS III -0.194 0.006†

SD-OCT SNR vs. CO with the LOCS III -0.103 0.147†

SD-OCT SNR vs. PSC with the LOCS III -0.220 0.002†

SD-OCT SNR vs. IOLMaster SNR 0.430 <0.001†

SD-OCT SNR vs. total macular thickness 0.571 <0.001†

Cataract grade was classified from 1 to 4 according to the standard 
fundus photos of the Optos Optomap.
LOCS III = Lens Opacities Classification System III; SNR = sig-
nal-to-noise ratio; CC = correlation coefficient; NO = nuclear opal-
escence; CO = cortical opacity; PSC = posterior subcapsular cata-
racts; SD-OCT = spectral domain optical coherence tomography.
*Pearson correlation analysis; †Spearman correlation analysis.

Table 3. SNR and macular thickness of SD-OCT according to cataract grade with wide-field fundus imaging

SD-OCT measurement
Cataract grade

p-value* p-value†

Grade 1 (n = 47) Grade 2 (n = 64) Grade 3 (n = 55) Grade 4 (n = 34)
SNR 5 (5–6) 4 (4–5) 4 (3–4) 3 (3–4) <0.001 <0.001
Macular thickness (µm)

Central 185 (167–195) 159 (74–189) 90 (24–168) 61 (25–176) <0.001 0.007
Central circle 203 (187–218) 189 (137–216) 138 (71–185) 89 (55–204) <0.001 0.112
Superior 281 (263–294) 278 (260–296) 268 (237–284) 250 (194–284) 0.001 > 0.999
Temporal 268 (255–284) 252 (211–278) 224 (132–255) 145 (93–265) <0.001 0.015
Inferior 286 (273–299) 273 (249–290) 259 (196–277) 254 (156–288) <0.001 0.040
Nasal 285 (273–297) 272 (259–294) 261 (213–272) 236 (131–280) <0.001 0.436
Total 273 (261–282) 255 (232–276) 245 (193–256) 201 (145–262) <0.001 0.018

Values are presented as median and interquartile range.
SNR = signal-to-noise ratio; SD-OCT = spectral domain optical coherence tomography.
*Kruskal-Wallis test comparing four groups; †Bonferroni-corrected post hoc comparisons between grades 1 and 2.



177

M Kim, et al. Cataract Grade and Measurement of Macular Thickness

and SD-OCT SNR decreased (Table 4). None of the cataract 
grade 1 eyes had segmentation errors on SD-OCT. Con-
versely, 91.2% of cataract grade 4 eyes had segmentation er-
rors. The three cataract grade 4 eyes (8.8%) without seg-
mentation errors had dense centrally localized PSC (Fig. 
3A, 3B). When eyes with and without segmentation errors 
on SD-OCT were compared to each other, the median SD-

OCT SNR and macular thickness of eyes without segmen-
tation errors were significantly higher than those of eyes 
with segmentation errors (Table 5).

Of the 97 eyes with segmentation errors on SD-OCT, 61 
(62.9%) had segmentation errors only in the inner bound-
ary line, and 36 had segmentation errors in both the inner 
and outer boundary lines (Fig. 4A, 4B). Among segmenta-
tion errors, most inner boundary lines were posterior to 
the actual internal limiting membrane, resulting in under-
estimation of macular thickness, and outer boundary lines 
were posterior to the actual retinal pigment epithelium, 
which resulted in overestimation of macular thickness.

Discussion

This study investigated standard photos from wide-f﻿﻿﻿ield 
fundus imaging for grading cataract severity. Cataract se-
verity was graded according to the degree of macular area 
obscured by cataract artifacts in wide-field fundus imaging; 
the larger the number of cataract artifacts that obscured the 
macular area in wide-field fundus images, the higher the 
cataract grade. In addition, this study evaluated the effect 
of cataract severity based on wide-field fundus imaging on 
macular thickness measured by SD-OCT and the SD-OCT 
SNR and compared that with LOCS III grade, which is a well-
known system for cataract grading by slit lamp biomicroscopy 
[19]. The results showed that cataract grade based on wide-
field fundus imaging was negatively correlated with macu-
lar thickness measured by SD-OCT and the SD-OCT SNR. 

Cataract grade used in this study showed good correlation 

Fig. 3. Cataract grade 4 eye without segmentation errors on spectral domain optical coherence tomography. (A) Wide-field fundus imaging 
shows a dense localized cataract artifact. (B) Spectral domain optical coherence tomography measurements do not show segmentation er-
rors in either the inner or outer boundary line.

A B

Table 4. Segmentation errors in SD-OCT according to cataract 
grade on wide-field fundus imaging and SD-OCT SNR (χ2 lin-
ear trend test)

Parameter
Segmentation errors in 

SD-OCT p-value
No (n = 103) Yes (n = 97)

Cataract grade (%) <0.001
1 (n = 47) 47 (100.0) 0 (0.0)
2 (n = 64) 42 (65.6) 22 (34.4)
3 (n = 55) 11 (20.0) 44 (80.0)
4 (n = 34) 3 (8.8) 31 (91.2)

SNR (%) <0.001
3 (n = 45) 1 (2.2) 44 (97.8)
4 (n = 73) 24 (32.9) 49 (67.1)
5 (n = 56) 52 (92.9) 4 (7.1)
6 (n = 25) 25 (100.0) 0 (0.0)
7 (n = 1) 1 (100.0) 0 (0.0)

Segmentation error: inner boundary lines do not correspond to in-
ternal limiting membranes and outer boundary lines do not corre-
spond to retinal pigment epithelia in SD-OCT; Cataract grade was 
classified from 1 to 4 according to the standard fundus photos of 
the Optos Optomap.
SD-OCT = spectral domain optical coherence tomography; SNR = 
signal-to-noise ratio.
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with LOCS III PSC grade. Thus, preoperative wide-field 
fundus images could be used to predict cataract grades, 
especially in patients with PSC, and SD-OCT SNR.

It is thought that the macula is thinner in eyes with higher 
grade cataracts due to decreased signal strength. In line with 
our study, previous studies have shown a positive correla-
tion between signal strength and macular or RNFL thick-
ness [8,10,13]. Decreased macular thickness in eyes with 
lower signal strength can be explained by segmentation er-
rors in OCT. Automated segmentation of the retinal layer in 
OCT can introduce error [21]. The automated segmentation 
error rate tends to increase as SNR decreases [10,22]. In this 
study, the percentage of eyes with segmentation errors in-

creased as the SD-OCT SNR decreased and cataract grade 
increased. In addition, macular thickness measured with SD-
OCT was significantly lower in eyes with segmentation er-
rors than in eyes without segmentation errors. All eyes with 
segmentation errors had errors in the inner boundary line, 
which tended to underestimate macular thickness. Converse-
ly, of eyes with segmentation errors, 37.1% had segmentation 
errors in both the inner and outer boundary lines. Although 
segmentation errors in the outer boundary line tended to 
overestimate macular thickness, eyes with segmentation 
errors in the outer boundary did not overestimate macular 
thickness because they also had segmentations error in the 
inner boundary line.

Table 5. Comparison of SNR and macular thicknesses on SD-OCT between eyes with and without segmentation errors on SD-
OCT (Mann-Whitney U-test)

SD-OCT measurement
Segmentation errors in SD-OCT

p-value
No (n = 103) Yes (n = 97)

SNR 5 (5–6) 4 (3–4) <0.001
Macular thickness

Central 181 (161–195) 51 (23–116) <0.001
Central circle 205 (186–220) 110 (63–163) <0.001
Superior 279 (266–293) 265 (217–286) 0.001
Temporal 266 (252–280) 163 (117–246) <0.001
Inferior 279 (264–295) 249 (183–280) <0.001
Nasal 284 (264–295) 251 (172–274) <0.001
Total 268 (252–280) 223 (173–249) <0.001

Values are presented as median and interquartile range.
SNR = signal-to-noise ratio; SD-OCT = spectral domain optical coherence tomography.

Fig. 4. Eyes with segmentation errors on spectral domain optical coherence tomography (SD-OCT). (A) A segmentation error on SD-OCT 
is observed only in the inner boundary line, and the automated segmentation line identifies the inner boundary line posterior to the actual 
inner limiting membrane. (B) A segmentation error on SD-OCT is observed in both the inner and outer boundary lines, and the automated 
segmentation line identifies the inner boundary line posterior to the actual inner limiting membrane and the outer boundary line posterior 
to the actual retinal pigment epithelium.

A B
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Of 34 cataract grade 4 eyes, three did not have segmen-
tation errors. Wide-field fundus imaging of these three eyes 
showed a dense centrally localized cataract artifact (Fig. 
2A-2C) and small central dense PSC. The SD-OCT SNR 
of these three eyes with a small central dense PSC was 5, 
although SD-OCT SNR was negatively correlated with 
LOCS III PSC grade. Higher PSC grade was associated with 
higher cataract grade and lower SD-OCT SNR in this study. 
Among cataract types, late PSC showed the greatest reduc-
tion in visual acuity [23]. PSCs produce glare, visual distur-
bances, and decreased contrast sensitivity. Because PSCs 
involve subcapsular opacities in the central posterior cor-
tex, most light is blocked or scattered by the PSC with ordi-
nary pupil size, resulting in glare and reduced visual acuity. 
However, because measurements of the wide-field fundus 
imaging and SD-OCT were conducted after pharmacolog-
ic pupil dilation in this study, considerable light might not 
have been blocked or scattered by a small central dense 
PSC. This might have resulted in high SNR and no segmen-
tation errors in the three eyes with a small central dense PSC. 
If the SD-OCT measurement was conducted before pupil 
dilation, these three eyes might have shown segmentation 
errors on SD-OCT. Cataract grade based on wide-field fun-
dus imaging would be useful to assess the severity of cata-
racts because it reflects the degree of macular area obscured 
by cataracts regardless of pupil dilation.

A previous study showed that dense PSC was the main 
factor resulting in failed IOLMaster measurements, and that 
patients who could not be assessed using the IOLMaster 
showed higher intraoperative and postoperative complica-
tion rates than patients who could be assessed [20]. Thus, 
that study insisted that the unmeasured state is a risk-deter-
mining factor for cataract surgery [20]. In this study, 
cataract grade based on wide-field fundus imaging was 
mainly affected by LOCS III PSC grade and was negative-
ly correlated with IOLMaster SNR. In addition, one-quar-
ter of cataract grade 4 eyes could not be measured using 
the IOLMaster. Thus, cataract grade based on wide-field 
fundus imaging could be used to predict SNR and applica-
bility of the IOLMaster. 

Cystoid macular edema following cataract surgery caus-
es macular thickening with accumulation of intraretinal 
fluid and is thought to be the result of inflammatory reac-
tions caused by cataract surgery [24,25]. Thus, information 
regarding whether macular thickness has changed after cat-
aract surgery is important. OCT measurements have been 

used to evaluate changes in macular thickness after cataract 
surgery with or without medical treatment [26-28]. The fac-
tors that affect macular thickness after cataract surgery are 
not only inflammatory insults due to surgery [24,25,29], 
but also changes in media opacity caused by cataract re-
moval [12,13,30]. This study compared preoperative wide-
field fundus imaging and SD-OCT to exclude the effect of 
postoperative inflammatory insult on macular thickness. 
The results showed that cataract severity, especially dense 
PSC, inf luenced SD-OCT SNR and macular thickness. 
Changes in SNR after cataract surgery and segmentation 
errors in OCT should also be considered when evaluating 
changes in macular thickness after cataract surgery.

This study has some limitations. First, the medical records 
of consecutive patients were retrospectively reviewed. Sec-
ond, the laser wavelengths of Optos Optomap and SD-OCT/
SLO differ. The Optos Optomap uses a 633 nm red laser and 
a 532 nm green laser, whereas the SD-OCT uses an infra-
red 840 nm wavelength. The amount of light obscured by a 
cataract might differ based on use of the visible or infrared 
region. However, there was significant correlation between 
cataract grade based on wide-field fundus imaging and the 
SD-OCT SNR.

In conclusion, this study demonstrated that cataract grade 
based on wide-field fundus imaging was negatively cor-
related with SD-OCT SNR. The underestimation of macu-
lar thickness in eyes with high-grade cataracts was due to 
segmentation errors on SD-OCT. Segmentation errors in 
SD-OCT should be considered when evaluating macular 
thickness in eyes with cataracts.
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