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Purpose. To investigate the effects of capsulotomy shape on the visual acuity and visual quality after neodymium: yttrium
aluminum garnet laser capsulotomy. Methods. In this study, a total of 42 eyes from 35 patients with posterior capsule opacification
were divided into the circular and cruciate groups. The corrected distance visual acuity (CDVA), objective scatter index (OSI),
modulation transfer function cutoff (MTF cutoff), Strehl ratio, and Optical Quality Analysis System values at contrasts of 100%,
20%, and 9% (OV-100, OV-20, and OV-9) were measured at precapsulotomy and 1 week and 1 month postcapsulotomy. The
pseudophakic dysphotopsia questionnaire (PDQ) was used to evaluate the subjects’ satisfaction with treatment. Results. OSI values
were significantly higher in the cruciate group than in the circular group at 1 week and 1 month after capsulotomy (P = 0.013 and
P <0.001). No significant difference was found in the OSI values between the two groups before capsulotomy (t=0.52; P = 0.61).
The decrease in OSI was higher in the circular group than in the cruciate group at 1 week and 1 month after capsulotomy
(P =0.036 and P = 0.019). No significant differences were found in the Strehl ratio, MTF cutoff, CDVA, OV-100, OV-20, and
OV-9 between the two groups at 1 week and 1 month after capsulotomy (P > 0.05). The PDQ results showed that patients with
circular-shaped capsulotomy complained less with intolerance of bright lights than those with cruciate-shaped capsulotomy.
Conclusions. Circular-shaped capsulotomy can induce less intraocular light scattering and increase patient satisfaction.

1. Introduction

Phacoemulsification combined with foldable intraocular
lens (IOLs) implantation can markedly improve visual
acuity and contrast sensitivity in patients with cataracts.
However, posterior capsular opacification (PCO) is a
common complication after cataract surgery. Lundqvist and
Monestam found that over one-third of patients received
neodymium: yttrium aluminum garnet (Nd:YAG) laser
capsulotomy for PCO in 10 years after cataract surgery [1].
Schaumberg et al. [2] showed that the incidences of PCO at
1, 3, and 5 years after cataract surgery are 11.8%, 20.7%, and
28.4%, respectively. Ursell et al. [3] followed up 13,329 eyes
implanted with AcrySof IOL, 19,025 eyes implanted with
non-AcrySof hydrophobic IOL, and 19,808 eyes implanted
with non-AcrySof hydrophilic IOL for 3 years and found a 3-
year incidence of PCO and Nd:YAG capsulotomy ranging
from 4.7% to 14.8% according to the different IOL materials

used. Ambroz et al. [4] found PCO in 30.9% of the surveyed
eyes at 18.4-50.2 months after pediatric cataract surgery. In
pediatric cataract patients without posterior capsulotomy
and anterior vitrectomy, the incidence of PCO was as high as
70% [5].

PCO can markedly degrade visual function, including
visual acuity and contrast sensitivity [6, 7]. Most patients
with PCO suffer from disability glare, which reduces retinal
image contrast [8, 9]. Nd:YAG capsulotomy effectively
improves the visual acuity, contrast sensitivity, and glare
sensitivity of patients with PCO. It can also decrease in-
traocular light scattering and improve patient satisfaction
following treatment [10, 11].

Intraocular light scattering is an important parameter
used to evaluate visual function [12]. It can be perceived as
glare, halos, blinding at night while driving, and hazy vision.
Montenegro et al. [10] found that increased intraocular light
scattering can cause veiling luminance on the retina, which
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leads to glare, halos, and blinding at night. The condition
may severely degrade visual performance and retinal image
quality and is an important cause of visual function im-
pairment in pseudophakic eyes. The parameters measured
by the Optical Quality Analysis SystemIl (OQAS, Visio-
metrics S.L., Terrasa, Spain) (Figure 1), such as modulation
transfer function (MTF) cutoff, Strehl ratio, objective scatter
index (OSI), and OQAS values at contrasts of 100% (OV-
100), 20% (OV-20), and 9% (OV-9), are widely used to
evaluate the intraocular light scattering and objective optical
quality of eyes in clinics. MTF is the ratio of contrast between
the retinal image and the original scene, and the MTF cutoff
is defined as the cutoff frequency at 1% of the maximum
MTF [13]. The Strehl ratio is the ratio of the central intensity
of the point image between the measured and ideal eye. OV-
100, OV-20, and OV-9 are the OQAS values calculated by
the OQAS system at contrasts of 100%, 20%, and 9%, re-
spectively. OV-100 is equal to the MTF cutoft frequency
divided by 30 cycles per degree (cpd), whereas OV-20 and
OV-9 are 0.05 and 0.01 of the MTF, respectively. OSI is the
ratio of light intensity between the peripheral annular zone
(12 min of arc) and the central peak zone (within 1 min of
arc). A higher OSI value indicates more intraocular light
scattering. Higher values of MTF cutoft, Strehl ratio, OV-
100, OV-20, and OV-9 indicate better visual quality. These
parameters can help evaluate the visual quality of the human
eye objectively [13, 14].

Nd:YAG laser capsulotomy size can affect visual func-
tion [15]. Holladay et al. [16] found that a smaller capsu-
lotomy opening increases light scattering. However, to date,
whether the shape of Nd:YAG laser capsulotomy affects
visual function and the effects of Nd:YAG laser capsulotomy
shape on visual acuity, intraocular light scattering, and MTF
remain to be evaluated. In this study, Nd:YAG laser cap-
sulotomy with a circular or cruciate shape was performed to
evaluate the effects of shape on visual acuity, intraocular
light scattering, and MTF.

2. Materials and Methods

2.1. Subjects. The study protocol was approved by the local
ethics committee. Informed consent was obtained from the
participants, and all procedures followed the tenets of the
Declaration of Helsinki. A total of 42 eyes of 35 patients with
PCO were involved in this study between July 2017 and
December 2018. No phacoemulsification complications were
found in all patients. Ophthalmological examinations, in-
cluding corrected distance visual acuity (CDVA), refractive
measurements, intraocular pressure (IOP), and slit-lamp
and fundus examination, were performed before and after
Nd:YAG laser capsulotomy. The patients were assigned to
circular and cruciate capsulotomy groups sequentially.
The inclusion criteria were as follows: age between 50
years and 90 years, postoperative astigmatism of less than
1.00 diopter (D), same implanted IOL (Akreos Adapt,
Bausch & Lomb, USA), IOL power between +18.00 D and
+24.00D, and uncomplicated surgery with well-centered
IOL in the capsular bag. Patients with ocular pathologies
(e.g, high myopic, corneal opacities, retinopathy,
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maculopathy, and glaucoma), systemic diseases, serious
anterior chamber inflammation after capsulotomy, and a
history of ocular surgery were excluded. During capsu-
lotomy, the laser might hit the optic of the IOL, which could
result in spots on the optic. The spots may induce extra
intraocular light scattering. Thus, the patients with spots on
the optic of the IOL were also excluded.

All patients reported blurred vision. Subjective grading
was used in this study. PCO was subjectively graded on a
scale of 0 to 10 by three doctors, and the average was
recorded. A posterior capsule completely covered with
severe PCO received a score of 10, whereas a completely
clear posterior capsule received a score of 0. The mean
PCO score was recorded. The central 4.0 mm zone of the
posterior capsule was the key area observed (Figure 2).
Findl et al. [17] reported that the subjective grading
correlated well with the objective Automated Quantifi-
cation of After-Cataract (AQUA) system and the Evalu-
ation of Posterior Capsular Opacification (EPCO) system.
The AQUA system can automatically analyze the retro-
illumination images of PCO within the capsulorhexis
region and calculate a score between 0 and 10 (0=a clear
capsule; 10=a capsule completely covered with PCO)
[11, 18]. The EPCO system can also evaluate the pho-
tography of PCO, and the EPCO score is calculated by a
computer (0=a clear capsule; 4=a capsule with severe
PCO) [19]. Findl et al. [17] found that the subjective
grading by examiners and objective analytic systems (such
as AQUA and EPCO system) showed good reproducibility
and correlated well with each other.

2.2. Nd:YAG Laser Capsulotomy Technique. Before capsu-
lotomy, the pupils were dilated with topical 0.5% tropica-
mide and 0.5% phenylephrine eye drops (Mydrin-P, Santen
Pharmaceutical, Osaka, Japan). Then, 0.5% proparacaine
hydrochloride (Alcaine, Alcon Co., USA) was used for
topical anesthesia. A contact lens was applied to facilitate
accurate focusing after topical anesthesia. All Nd:YAG laser
capsulotomy procedures were performed by the same sur-
geon (J.L.) using an Nd:YAG laser (Ellex Inc., Adelaide,
AUS). A 4-mm light band of slip lamp was used to examine
the capsulotomy area at 0°, 45°, 90°, and 135 in all patients.
Thus, we ensured that the diameter of capsulotomy was
4.0mm at the specified degrees. The residual larger frag-
ments in the capsulotomy area were also cleared by the Nd:
YAG laser in the cruciate group. After capsulotomy, 1%
fluorometholone (Santen Pharmaceutical, Osaka, Japan)
four times daily for 3 days was prescribed.

Patients were divided into two groups according to the
shape of capsulotomy. Cruciate-shaped capsulotomy was
performed in 21 eyes (cruciate group), whereas circular-
shaped capsulotomy was performed in another 21 eyes
(circular group). The diameter of capsulotomy was 4.0 mm,
which was measured by a slit-beam ruler. The laser energy
was set to 2.0-2.5 m]J in the cruciate group and 1.5-2.0 mJ in
the circular group. In the circular group, we decreased the
Nd:YAG laser energy to obtain a round, centered, and
relatively smooth foramen. Once the central posterior



Journal of Ophthalmology

(a) (b)

Free mode | Visiometrics
HD Analyzer soossposats e &_m} e
.ni,’v‘ ? r" W M Database
o — 5
tor— NGRS, New
. | i Measurement
o - Print
P i complete
or 2 {[uls report Save

i Print

| Decma Soeln
| Predicied vA 1005 11 2018

Predieted VA 205 07 20720
Predieled VA ST 04 20/50

Objective
elraction

DI o Suehl ratio 0 170
—— *MIF cutolt (edeg) 32 456

;
’ 0Sl: 1.1 [ A >
PR P _ -
Jad | = T—— ‘ Tear Film
0750 2 ! = & 2 B = ¥
.

| -0750_|
Decimal ~ Snellen

|| Predicted Visual Acuity: 1.1 20/18

(c)

Figure 1: Front (a) and lateral view (b) of the optical quality analysis system, and the printout report (c).

()

FIGURE 2: Subjective grading of PCO. (a) “0=a completely clear capsule,” (b) “5 = half of the capsule covered with PCO,” and (c) “10=a
capsule completely covered with PCO.” The red dotted circle is the 4.0 mm central zone of the posterior capsule.

capsule was cut off by a low-energy laser, we increased the
laser energy (from 2.5m]/pulse to 3.5m]/pulse) and
smashed the central posterior capsule. In the cruciate group,
we performed cruciate-shaped capsulotomy using laser
energy levels ranging from 2.0 mJ/pulse to 2.5 mJ/pulse. The
capsular debris in the optical axis was all cleared (Figure 3).

2.3. Ophthalmologic Measurements. At before capsulotomy
and 1 week and 1 month after capsulotomy, the CDVA, slit-
lamp, and fundus examinations were performed. The OS],
MTF cutoft, Strehl ratio, OV-100, OV-20, and OV-9 were
measured using OQAS II (Visiometrics S.L., Terrasa, Spain).
The spherical refractive error was automatically corrected
internally by OQAS (from —-3D to +3D). The spherical re-
fractive error of more than +3D and astigmatism were
corrected by placing an appropriate spherical and cylindrical
lens in front of the eye. The pupils were fully dilated with
topical 0.5% tropicamide and 0.5% phenylephrine eye drops
(Mydrin-P, Santen Pharmaceutical, Osaka, Japan) before
examination. The parameters were automatically measured
by OQAS under a 4.0-mm artificial pupil, which was con-
trolled by a diaphragm wheel inside the OQAS. All subjects
were measured three times, and the average was recorded.

The pseudophakic dysphotopsia questionnaire (PDQ)
designed by Dr. Olson R.J. was used to evaluate the patients’
satisfaction at 1 week and 1 month postcapsulotomy. The
PDQ includes nine questions to rate the satisfaction with
different pseudophakic dysphotopsia symptoms. For each
question, the subject was asked to rate their satisfaction with
dysphotopsia symptoms from 0 (no problem) to 10 (de-
bilitating). The nine questions include satisfaction with
bright light, oncoming headlights at night, halos, glares,
flashes of light, dark or shadows at the side of vision,
flickering shadow around lights, and semicircular shadow.
And an additional question is the overall satisfaction with
the vision (0 = totally unsatisfied; 10 = totally satisfied). The
PDQ is considered to evaluate the satisfaction of pseudo-
phakic dysphotopsias accurately and has good reproduc-
ibility [20].

2.4. Statistical Analysis. Data were statistically analyzed
using SPSS computer package 17.0 (SPSS Inc., Chicago, 11l
USA). The normality of data distribution was confirmed
with the Shapiro-Wilk test. The decimal Snellen visual
acuity was converted into a logMAR scale. The independent
sample t-test for parametric variables and the
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FiGure 3: Circular- (a) and cruciate-shaped (b) YAG laser capsulotomies.

Mann-Whitley U test for nonparametric variables were used
to compare the means between the two groups.

3. Results

Forty-two eyes of 35 patients (10 males and 25 females) were
examined. All patients completed the 1-month follow-up.
The mean age was 68.55 + 10.63 years (range, 51-87 years).
No significant differences in age and gender were observed
between the two groups (P = 0.246 and P = 0.747, respec-
tively). No associated complications (e.g., serious anterior
chamber inflammation, macular edema, anterior hyaloid
damage, and retinal detachment) were observed in all pa-
tients. Table 1 shows the OS], spherical equivalent (SE), and
CDVA at pre- and postcapsulotomy.

The applied laser energies were 93.48 + 31.04 m]J in the
circular group and 77.19 + 22.47 m] in the cruciate group. No
significant difference was observed in the applied laser
energy between the two groups (#=1.948, P = 0.059). The
SEs at 1 week postcapsulotomy were —0.25+0.68 D (range
-1.25D to 1.25D) in the circular group and —0.11+0.83D
(range —1.25 D to 1.25 D) in the cruciate group. The SEs at 1
month postcapsulotomy were —0.30 £ 0.63 D (range —1.75D
to 1.75D) in the circular group and -0.12+0.74D (range
—-1.75D to 1.25D) in the cruciate group. No significant
difference was observed between the two groups in the SE at
1 week and 1 month postcapsulotomy (¢ = —0.608, P = 0.547;
and t=-0.839, P = 0.407).

The medians of CDVA at 1 week postcapsulotomy
were 0.10 logMAR (range 0 to 0.14 logMAR) in the
circular group and 0.10 logMAR (range 0 to 0.10 log-
MAR) in the cruciate group. No significant difference was
found between the two groups in the CDVA at 1 week
postcapsulotomy (U=207.500; P = 0.724). The medians
of the CDVA at 1 month postcapsulotomy were (range 0
to 0.10 logMAR) in the circular group and 0.00 logMAR
(range 0 to 0.10 logMAR) in the cruciate group. No
significant difference was found in the CDVA at 1 month
postcapsulotomy between the two groups (U=180.00;
P =0.250).

The mean OSI values at 1 week postcapsulotomy were
2.57+1.23 in the circular group and 3.69+1.53 in the
cruciate group. The OSI was higher in the cruciate group
than in the circular group (t=-2.606; P = 0.013). The mean
OSI values at 1 month postcapsulotomy were 1.82+0.73 in
the circular group and 3.00 + 1.21 in the cruciate group. The
OSI was significantly higher in the cruciate group than in the
circular group (t=-3.823; P<0.001) (Figure 4). The de-
crease in OSI compared with preoperative OSI was signif-
icantly higher in the circular group than in the cruciate
group at 1 week and 1 month postcapsulotomy (t=2.164,
P =0.036; and t=1.582, P = 0.019) (Figure 5).

No significant difference was found in the Strehl ratio
between the circular and cruciate groups at 1 week post-
capsulotomy (0.132 (0.067-0.162) VS 0.094 (0.072-0.180),
U=217.000; P = 0.930). Similarly, no significant difference
was found in the Strehl ratio between the circular and
cruciate groups at 1 month postcapsulotomy (0.126
(0.101-0.148) VS 0.126 (0.083-0.173), U=206.000;
P =0.715) (Figure 6 and Table 2).

The mean MTF cutoff values at 1 week postcapsulotomy
were 20.242+12.407cpd in the circular group and
20.352+12.055¢cpd in the cruciate group. No significant
difference was found in the MTF cutoff between the two
groups at 1 week postcapsulotomy (#=0.015; P = 0.988).
Similarly, no significant difference was found in the MTF
cutoff value between the circular and cruciate groups 1
month  postcapsulotomy  (27.013+10.029cpd VS
21.628£7.693cpd; t=1.952; P =0.058) (Figure 7 and
Table 2).

No significant differences were found in the OV-100,
OV-20, and OV-9 between the circular and cruciate groups
at 1 week postcapsulotomy (0.600 (0.250-0.900) VS 0.600
(0.300-1.150), U=204.000, P = 0.677; 0.400 (0.200-0.600)
VS 0.300 (0.200-0.800), U=15.500, P =0.898; 0.200
(0.100-0.400) VS 0.200 (0.100-0.400), U=202.500,
P = 0.643). Similarly, no significant difference was found in
the OV-100, OV-20, OV-9 between the circular and cruciate
groups 1 month postcapsulotomy (0.800 (0.600-1.200) VS
0.800  (0.400-0.900), U=156.5, P =0.105 0.600
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TaBLE 1: The OSI, SE, and CDVA before and after capsulotomy.
Circular group Cruciate group Uort P
PCO score 7.30£1.27 7.57+1.14 -0.73 0.47
Laser energy 93.48 +31.04 m] 77.19 £22.47 m] 1.95 0.06
CDVA before capsulotomy 0.86 +0.40 logMAR 0.78 £0.43 logMAR -0.78 0.44
CDVA 1 week after capsulotomy 0.09 £0.07 logMAR 0.08 +£0.07 logMAR 207.50 0.72
CDVA 1 month after capsulotomy 0.06 +0.06 logMAR 0.04 +0.05 logMAR 180.00 0.25
OSI before capsulotomy 8.58 +1.76 8.27 £2.07 0.52 0.61
OSI 1 week after capsulotomy 2.57+1.23 3.69+1.53 -2.61 0.01
OSI 1 month after capsulotomy 1.82+0.73 3.00+1.21 3.82 <0.001
SE before capsulotomy -0.67+3.40 D 0.07+3.50 D -0.70 0.49
SE 1 week after capsulotomy -0.25+0.68 D -0.11+0.83 D -0.61 0.55
SE 1 month after capsulotomy -0.30+£0.63 D -0.12+0.74 D -0.84 0.41

m] = millijoules; OSI = objective scatter index; SE = spherical equivalent; CDVA = corrected distance visual acuity. The results are presented as mean + SD.
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F1GURE 4: OSI values were significantly higher in the cruciate group
than in the circular group at 1 week and 1 month postcapsulotomy.

(0.400-0.850) VS 0.500 (0.300-0.600), U=145.500,
P =0.056; 0.400 (0.200-0.400) VS 0.300 (0.200-0.400),
U=183.500, P = 0.336) (Table 2).

At 1 week postcapsulotomy, the PDQ results showed
that 16 (76.19%) of 21 patients in the circular group and 21
(100%) of 21 patients in the cruciate group had 1 or more
complaints with intolerance of bright lights. Eight patients
(38.10%) in the circular group and twelve patients (57.14%)
in the cruciate group had complaints rated as 5 or more
(with 0 being no complaint and 10 being debilitating). One
patient (4.76%) in the circular group and two patients
(9.52%) in the cruciate group had complaints rated as 8 or
more. One month after laser capsulotomy, the PDQ results
showed that 14 (66.67%) of 21 patients in the circular group
and 19 (90.48%) of 21 patients in the cruciate group had 1 or
more complaints with intolerance of bright lights. One
patient (4.76%) in the circular group and 7 patients (33.33%)
in the cruciate group had complaints rated as 5 or more
(with 0 being no complaint and 10 being debilitating)
(Table 3). No patient in the two groups had complaints rated
as 8 or more. The scores for the overall satisfaction of surgery
(0O=totally unsatisfied; 10=totally satisfied) were

significantly higher in the circular group than in the cruciate
group at 1 week and 1 month postcapsulotomy (U = 137.000,
P =0.035; and U=140.000, P = 0.041) (Table 3).

4., Discussion

Nd:YAG laser capsulotomy can markedly improve visual
acuity in patients with PCO [21]. However, visual acuity is
only one component of visual function. Intraocular light
scattering causes patient dissatisfaction after intraocular
surgery. In this study, we evaluated the effects of capsu-
lotomy shape on visual function after capsulotomy. The
mean OSI values of the cruciate group at 1 week and 1 month
postcapsulotomy were markedly higher than those of the
circular group. However, the intraocular light scattering
might also have been induced by the PCO before capsu-
lotomy [11]. The OSI values of the two groups before
capsulotomy were also measured, and no significant dif-
ference was found. In addition, the decrease in OSI com-
pared with the preoperative OSI was higher in the circular
group than in the cruciate group at 1 week and 1 month
postcapsulotomy. Thus, we inferred that circular-shaped
capsulotomy induced less intraocular light scattering. As
OSI is only an objective light-scattering parameter, the
patients’ subjective sense should also be evaluated. The
pseudophakic dysphotopsia survey designed by Dr. Olson
RJ. was used in the present study [20], and our results
showed that the scores of overall satisfaction were higher in
the circular group than in the cruciate group at 1 week and 1
month postcapsulotomy. Patients with circular-shaped
capsulotomy also complained less of intolerance of bright
lights than those with cruciate-shaped capsulotomy. Cir-
cular-shaped capsulotomy induced less intraocular light
scattering than cruciate-shaped capsulotomy. Capsulotomy
size affects intraocular light scattering. Goble et al. [22]
reported that patients who received wide capsulotomies
show less forward light scattering than those who received
narrow treatment. Montenegro et al. [10] reported that small
capsulotomies could increase intraocular straylight. In this
study, the capsulotomy diameters were of the same size
(4.0 mm) in the two groups. We inferred that capsulotomy
shape can also affect intraocular light scattering. Capsule
remnants are important factors that induce light scattering
and glare disability [22]. Montenegro et al. [10] found that
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FIGURE 5: The decrease in OSI was higher in the circular group than in the cruciate group at 1 week (a) and 1 month (b) postcapsulotomy.
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the percentage of the pupil area with capsule remnants
considerably contributed to intraocular light scattering after
Nd:YAG laser capsulotomy. Nd:YAG laser capsulotomy
with a circular shape and lower energy results in a smoother
capsulotomy opening edge and fewer capsule remnants in
the pupil areas; by contrast, cruciate-shaped capsulotomy
with higher energy often produces more capsule remnants
and jagged edges, which can increase light scattering.

Our results show that the CDVA did not significantly
differ between the two groups. Intraocular light scattering
and best-corrected visual acuity (BCVA) have been reported
to significantly improve after laser capsulotomy, and the
former was shown to be independent of the latter. Before
capsulotomy, the intraocular light scattering was moderately
correlated with BCVA. After capsulotomy, no significant
correlation was found between BCVA and intraocular light
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TaBLE 2: The Strehl ratio, MTF cutoff, OV-100, OV-20, and OV-9 of circular and cruciate groups at 1 week and 1 month after capsulotomy.

Circular group Cruciate group Uort P
Strehl ratio 1 week after capsulotomy 0.12+0.06 0.12+0.06 217.00 0.93
Strehl ratio 1 month after capsulotomy 0.14+0.05 0.13+0.05 206.00 0.72
MTF cutoft 1 week after capsulotomy 20.24+12.41 20.35+12.06 0.02 0.99
MTF cutoft 1 month after capsulotomy 27.01+10.03 20.72+8.19 1.95 0.06
OV-100 1 week after capsulotomy 0.65+0.40 0.70 +£0.41 204.00 0.68
OV-100 1 month after capsulotomy 0.95+0.34 0.70+0.28 156.50 0.11
OV-20 1 week after capsulotomy 0.46£0.28 0.47 £0.30 15.50 0.90
OV-20 1 month after capsulotomy 0.63+0.23 0.49 +£0.21 145.50 0.06
OV-9 1 week after capsulotomy 0.25+0.17 0.28+0.17 202.50 0.64
OV-9 1 month after capsulotomy 0.34+0.16 0.30+0.16 183.50 0.34

MTF cutoff = modulation transfer function cutoff; OV-100 = Optical Quality Analysis System values at contrasts of 100%; OV-20 = Optical Quality Analysis
System values at contrasts of 20%; OV-9 = Optical Quality Analysis System values at contrasts of 9%. The results were presented as mean + SD.
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FIGURE 7: No significant difference was found in the MTF cutoff between the circular and cruciate groups at 1 week and 1 month post-YAG

laser capsulotomy.

scattering [9]. Visual acuity and intraocular light scattering
are entirely different descriptors of visual quality. Visual
acuity encompasses the central 0.02° of the point spread
function [23]. OSI measures the forward light scattering in a
visual angle within 20 min of an arc by the double-pass
method [24]. Visual acuity correlates well with contrast
sensitivity, whereas visual acuity and contrast sensitivity are
not well correlated with intraocular light scattering [12]. Van
den Berg’s [25] study on donor eye lenses also showed that
light scattering does not affect the point spread function
center. Visual acuity is weakly correlated with intraocular
light scattering. Intraocular light scattering in the eye is
spread through a large angle.

In the present study, a significant difference was found in
the intraocular light scattering between the two groups, but
no significant differences were found in the MTF cutoff,
Strehl ratio, OV-100, OV-20, and OV-9 between the two
groups at 1 week and 1 month after YAG laser capsulotomy.
Pennos et al. [26] reported a strong correlation between the
C-Quant log (s) and contrast sensitivity. C-Quant measures

forward light scattering over a visual angle of 5°-10° by the
compensation comparison method, whereas OQAS mea-
sures forward light scattering over a smaller visual angle
within 20 min of an arc by the double-pass method [24]. In
our study, OQAS was used to measure intraocular light
scattering. Hence, the visual angle measured by C-Quant was
larger than that measured by OQAS. Different visual angles
may lead to variations between these measurements. The
C-Quant straylight meter uses the compensation compari-
son method. During examination, the subject test field is
divided into half fields, and the subject chooses the half field
that flickers more intensely [27]. Hence, the examination
results can be affected by the subjects’ responses. The sub-
ject’s age and education can also affect the examination
results. The OQAS is based on the analysis of the double-pass
image of a point source projected on the retina and evaluates
forward light scattering. OQAS is an objective examination,
and all procedures can be completed within a few minutes
[14, 24]. Moreover, the repeatability of the OQAS mea-
surements is slightly better than that of the C-Quant
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measurements. OQAS measurements provide a slightly
higher intraclass correlation coefficient than C-Quant
measurements [24].

5. Conclusion

In conclusion, circular-shaped capsulotomy induces less
intraocular light scattering than cruciate-shaped capsu-
lotomy. It does not require high laser energy. Considering
these characteristics, circular-shaped capsulotomy can

provide  better satisfaction than  cruciate-shaped
capsulotomy.
Data Availability

All the data used in this study are available from the cor-
responding author.

Disclosure

Jun Li and Zhe Yu are co-first authors.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding this paper.

Authors’ Contributions

Jun Li, Zhe Yu, and Hui Song contributed equally to this
study.

Acknowledgments

The authors thank Dr. Olson R.J. for the permission of using
the pseudophakic dysphotopsia questionnaire in this study.
This study was supported by the Technology Foundation of
Tianjin Health Bureau (grant no. 2014KY37).

References

[1] B. Lundgqvist and E. Monestam, “Ten-year longitudinal visual
function and Nd:YAG laser capsulotomy rates in patients less
than 65 years at cataract surgery,” American Journal of
Ophthalmology, vol. 149, no. 2, pp. 238-244, 2010.

[2] D. A. Schaumberg, M. R. Dana, W. G. Christen, and
R. J. Glynn, “A systematic overview of the incidence of
posterior capsule opacification,” Ophthalmology, vol. 105,
no. 7, pp. 1213-1221, 1998.

[3] P. G. Ursell, M. Dhariwal, K. Majirska et al., “Three-year
incidence of Nd:YAG capsulotomy and posterior capsule
opacification and its relationship to monofocal acrylic IOL
biomaterial: a UK real world evidence study,” Eye, vol. 32,
no. 10, pp. 1579-1589, 2018.

[4] S. C. Ambroz, M. Toteberg-Harms, J. V. M. Hanson, J. Funk,
D. Barthelmes, and C. Gerth-Kahlert, “Outcome of pediatric
cataract surgeries in a tertiary center in Switzerland,” Journal
of Ophthalmology, vol. 2018, Article ID 3230489, 10 pages,
2018.

[5] M. Batur, A. Giil, E. Seven, E. Can, and T. Yagar, “Posterior
capsular opacification in preschool- and school-age patients
after pediatric cataract surgery without posterior

capsulotomy,” Tiirk Oftalmoloji Dergisi, vol. 46, no. 5,
pp. 205-208, 2016.

[6] S. M. Schriefl, R. Menapace, E. Stifter, D. Zaruba, and
C. Leydolt, “Posterior capsule opacification and Neodymium:
YAG laser capsulotomy rates with 2 microincision intraocular
lenses: four-year results,” Journal of Cataract & Refractive
Surgery, vol. 41, no. 5, pp. 956-963, 2015.

[7] K. Hayashi, H. Hayashi, F. Nakao, and F. Hayashi, “Corre-
lation between posterior capsule opacification and visual
function before and after Neodymium:YAG laser posterior
capsulotomy,” American Journal of Ophthalmology, vol. 136,
no. 4, pp. 720-726, 2003.

[8] T. H. Wakamatsu, T. Yamaguchi, K. Negishi et al., “Func-
tional visual acuity after neodymium:YAG laser capsulotomy
in patients with posterior capsule opacification and good
visual acuity preoperatively,” Journal of Cataract & Refractive
Surgery, vol. 37, no. 2, pp. 258-264, 2011.

[9] M. C. J. van Bree, B. L. M. Zijlmans, and
T. J. T. P. van den Berg, “Effect of neodymium:YAG laser
capsulotomy on retinal straylight values in patients with
posterior capsule opacification,” Journal of Cataract & Re-
fmctive Surgery, vol. 34, no. 10, pp. 1681-1686, 2008.

[10] G. A. Montenegro, P. Marvan, A. Dexl et al., “Posterior
capsule opacification assessment and factors that influence
visual quality after posterior capsulotomy,” American Journal
of Ophthalmology, vol. 150, no. 2, pp. 248-253, 2010.

[11] N. Hirnschall, A. Crnej, V. Gangwani, and O. Find],
“Comparison of methods to quantify posterior capsule opa-
cification using forward and backward light scattering,”
Journal of Cataract & Refractive Surgery, vol. 40, no. 5,
pp. 728-735, 2014.

[12] R. Michael, L. J. van Rijn, T. J. T. P. van den Berg et al,,
“Association of lens opacities, intraocular straylight, contrast
sensitivity and visual acuity in European drivers,” Acta
Ophthalmologica, vol. 87, no. 6, pp. 666-671, 2009.

[13] A. Saad, M. Saab, and D. Gatinel, “Repeatability of mea-
surements with a double-pass system,” Journal of Cataract ¢
Refractive Surgery, vol. 36, no. 1, pp. 28-33, 2010.

[14] P. Artal, A. Benito, G. M. Perez et al., “An objective scatter
index based on double-pass retinal images of a point source to
classify cataracts,” PLoS One, vol. 6, no. 2, Article ID e16823,
2011.

[15] S. Cetinkaya, Y. F. Cetinkaya, H. I. Yener, Z. Dadaci,
M. Ozcimen, and N. O. Acir, “The influence of size and shape
of Nd:YAG capsulotomy on visual acuity and refraction,”
Arquivos Brasileiros De Oftalmologia, vol. 78, no. 4,
pp. 220-223, 2015.

[16] J. T. Holladay, J. E. Bishop, and J. W. Lewis, “The optimal size
of a posterior capsulotomy,” American Intra-ocular Implant
Society Journal, vol. 11, no. 1, pp. 18-20, 1985.

[17] O. Findl, W. Buehl, R. Menapace et al., “Comparison of 4
methods for quantifying posterior capsule opacification,”
Journal of Cataract & Refractive Surgery, vol. 29, no. 1,
pp. 106-111, 2003.

[18] W. Buehl, S. Sacu, and O. Findl, “Association between in-
tensity of posterior capsule opacification and visual acuity,”
Journal of Cataract & Refractive Surgery, vol. 31, no. 3,
pp. 543-547, 2005.

[19] D. R. Nixon and M. G. Woodcock, “Pattern of posterior
capsule opacification models 2 years postoperatively with 2
single-piece acrylic intraocular lenses,” Journal of Cataract ¢
Refractive Surgery, vol. 36, no. 6, pp. 929-934, 2010.

[20] K. Kinard, A. Jarstad, and R. J. Olson, “Correlation of visual
quality with satisfaction and function in a normal cohort of



10

[21]

(22]

(23]

(24]

(25]

(26]

(27]

pseudophakic patients,” Journal of Cataract & Refractive
Surgery, vol. 39, no. 4, pp. 590-597, 2013.

E. Yotsukura, H. Torii, M. Saiki, K. Negishi, and K. Tsubota,
“Effect of neodymium:YAG laser capsulotomy on visual
function in patients with posterior capsule opacification and
good visual acuity,” Journal of Cataract & Refractive Surgery,
vol. 42, no. 3, pp. 399-404, 2016.

R. R. Goble, D. P. S. O’Brart, C. P. Lohmann, F. Fitzke, and
J. Marshall, “The role of light scatter in the degradation of
visual performance before and after Nd: YAG capsulotomy,”
Eye, vol. 8, no. 5, pp. 530-534, 1994.

T. J. T. P. van den Berg, L. Franssen, and J. E. Coppens,
“Straylight in the human eye: testing objectivity and optical
character of the psychophysical measurement,” Ophthalmic
and Physiological Optics, vol. 29, no. 3, pp. 345-350, 2009.
A. Tijima, K. Shimizu, H. Kobashi, A. Saito, and K. Kamiya,
“Repeatability, reproducibility, and comparability of subjec-
tive and objective measurements of intraocular forward
scattering in healthy subjects,” BioMed Research Interna-
tional, vol. 2015, Article ID 925217, 7 pages, 2015.

T. J. T. P. van den Berg, “The (lack of) relation between
straylight and visual acuity. Two domains of the point-spread-
function,” Ophthalmic and Physiological Optics, vol. 37, no. 3,
pp. 333-341, 2017.

A. Pennos, H. Ginis, A. Arias, D. Christaras, and P. Artal,
“Performance of a differential contrast sensitivity method to
measure intraocular scattering,” Biomedical Optics Express,
vol. 8, no. 3, pp. 1382-1389, 2017.

L. Franssen, J. E. Coppens, and T. J. T. P. van den Berg,
“Compensation comparison method for assessment of retinal
straylight,” Investigative Opthalmology & Visual Science,
vol. 47, no. 2, pp. 768-776, 2006.

Journal of Ophthalmology



