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A B S T R A C T

Purpose: To evaluate near, intermediate, distance visual acuity and stereopsis after bilateral implantation of Toric
intraocular lenses (IOLs) in high myopic patients with astigmatism.
Methods: Bilateral Toric or non-Toric IOL implantation (n ¼ 40 eyes each) was performed on high myopic cataract
eyes with astigmatism. Best-corrected distance visual acuity (BCDVA), uncorrected intermediate visual acuity
(UCIVA), uncorrected near visual acuity (UCNVA), residual refractive astigmatism (RRA), and near, intermediate,
and distance stereoacuity were measured postoperatively at 7 days, 1 month, and 3 months.
Results: The three-month postoperative BCDVA, UCIVA, and UCNVA of the Toric group were 0.08 � 0.07, 0.30 �
0.11, and 0.23 � 0.14 LogMAR. All improved over the preoperative assessments (P < 0.05). The RRA, UCIVA, and
UCNVA were significantly better in the Toric group than the non-Toric group at all follow-up examinations (all P
< 0.05). At 3 months, the median near and intermediate stereoacuity of the Toric group were 100 (range 40 –

400) and 120 (range 50 – 400) arcsec, which were better than the non-Toric group (both P < 0.05). Fine near
stereopsis �100 arcsec was present in 65% of the Toric patients, and 50% had good intermediate stereopsis of
�100 arcsec. However among non-Toric patients, only 15% and 5% achieved fine near and intermediate stere-
opsis. The postoperative BCDVA and best-corrected distance stereoacuity were similar in the two groups (P >

0.05).
Conclusions: In bilateral high myopic cataract patients with astigmatism, Toric IOLs not only improved UCIVA,
UCNVA, and RRA, but also enhanced near and intermediate stereopsis acuity.
1. Introduction

Previous studies have shown that corneal astigmatism of>1.0 diopter
(D) occurs in 40.4% of cataract patients, and ocular residual astigmatism
correction with glasses remains relatively inefficient.1 Toric intraocular
lenses (IOLs) are routinely used in cataract patients with astigmatism due
to a wide range of corneal irregularities.2,3 However, cataract patients
with high myopia tend to increase the difficulty of Toric IOL because of
the length of the long ocular axis, large capsular bag, thick lens, relatively
loose capsule, and vitreous liquefaction.4 Although a long axial length is a
risk factor for Toric IOL rotation, emerging studies have indicated high
predictability and reliability of Toric IOL in correcting astigmatism
compared to limbal relaxing incisions, and no significant difference in the
rotation degree was noted between high myopia and low myopia.5–8

Cataract patients with high myopia usually prefer a post-surgical
target refraction of �3.0 D in both eyes to achieve good binocular
ter, Affiliate Xiamen University,
.

July 2023; Accepted 9 July 2023

evier Inc. on behalf of Zhejiang U
/).
vision and a comfortable performance of near-distance tasks without
spectacles.9 Hence, near stereopsis is an important part of binocular
vision for high myopia patients after cataract surgery. To our knowledge,
the intermediate and near visual acuity and the stereopsis acuity of Toric
IOL implantation in bilateral highly myopic cataract patients have not
been quantitatively assessed, and associated studies are currently lack-
ing. Thus, the aim of this study was to evaluate the near, intermediate,
and distant visual acuity and stereopsis acuity after femtosecond
laser-assisted cataract surgery (FLACS) combined with Toric or non-Toric
IOL implantation in bilateral highly myopic cataract patients.

2. Methods

In this prospective study, 40 patients diagnosed with bilateral high
myopia and senile cataract were selected from all cases that presented for
cataract surgery at Xiamen Ophthalmic Center, Affiliate Xiamen
No.336 Xiahe Road, Xiamen, 361001, China.
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University, China, between January 2020 and February 2021. The
enrollment of the patients was non-randomized. Surgical methods and
the implantation of Toric or non-Toric IOLs were decided by the partic-
ipants with full understanding of the potential benefits and risks. All
protocols adhered to the tenets of the Declaration of Helsinki, and all
patients provided informed consent. Approval was obtained from the
ethics committee at the institution (Approval Number: XMYKZX-LW-
2018-002).

Based on the selected implantation of Toric or non-Toric IOLs (Tecnis
Toric ZCT or Tecnis PCB00; both Johnson & Johnson Vision, Santa Ana,
Inc.), 40 patients (80 eyes) were divided into two groups. One of the
groups had FLACS combined with Toric IOL implantation (Toric group).
The other group had FLACS combined with Tecnis PCB00 IOL implan-
tation (non-Toric group). All patients received bilateral cataract surgery,
and the same surgical procedure and IOL were used in both eyes. Ac-
cording to the different personal reading habits and individual choices,
postoperative target refractive status was set between �2.0 D and �3.5
D. These settings were fully accepted by the patients after they were
explained to them prior to the surgery.

Inclusion criteria were pre-existing bilateral corneal regular astig-
matism >1.00 D with confirming results from optical coherence inter-
ferometry measurement and corneal topography, long axial length >26
mm, visually significant cataracts interfering with activities of daily
living according to the Lens Opacities Classification System III (LOCS
III),10,11 long-term habit of wearing glasses, and pupil dilation of at least
6.0 mm before surgery. Excluded from the study were patients with a
history of ocular surgery, corneal opacities, irregular astigmatism, stra-
bismus, active ocular inflammation, uncontrolled glaucoma, pseu-
doexfoliation syndrome, lens dislocation, optic nerve or retinal disease,
or age-related macular degeneration.
2.1. Preoperative and postoperative evaluation

Preoperative ophthalmic examinations included best-corrected
distant visual acuity (BCDVA) at 5 m, uncorrected intermediate visual
acuity (UCIVA) at 80 cm, uncorrected near visual acuity (UCNVA) at 40
cm, spherical equivalent (SE) measured by phoropter examination (RT-
5100, Nidek, Japan), optical coherence interferometry measurement
(Lenstar 900 system, Haag-Streit AG, Gartenstadt, Switzerland), and
corneal topography (Pentacam, Oculus Optikger€ate GmbH, Wetzlar,
Germany). Other pre-operative examinations for cataract surgery,
including cataract severity grading based on LOCS III at the slit lamp
examination, funduscopy, and corneal endothelioscopy were also
routinely performed.

The postoperative primary outcome measures were uncorrected near
and intermediate stereoacuity and the best-corrected distant stereoacuity
at the 1 and 3-months follow-ups. The secondary outcomes were BCDVA,
UCIVA, UCNVA, SE, and residual refractive astigmatism (RRA) at the 7-
day and the 1- and 3-months follow-ups.

Stereoacuity at near distance (40 cm) and at intermediate distance
(80 cm) wasmeasured using the Titmus stereotest (Stereo Fly Test, Stereo
Optical Co., Cook, IL, USA) through polarizing spectacles. Titmus tests
provide a measure of stereoacuity by asking the patient to identify the
correct target that has stereoscopic depth. The criterion for scoring was
the last correct group before two consecutive misses. The Titmus ster-
eotest has disparities ranging from 800 to 40 arcsec. Distant stereoacuity
(3 m) was assessed with Binoptometer 4P (Oculus Optikgerate GmbH,
Wetzlar, Germany). The measuring method is based on the principle of
polarized light, the same as Titmus (range from 600 to 15 arcsec), that
has proven to be reliable for measuring stereoacuity.12 A stereoacuity
level of 60 arcsec or better is considered to be good and 100 arcsec is the
lowest limit of normal stereoacuity.13,14 To reduce variability, an expe-
rienced ophthalmic technician performed the preoperative and post-
operative examinations in an identical manner in all cases, and three
measurements for each eye were averaged.
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2.2. Surgical technique

All procedures were performed by the same experienced ophthal-
mologist (G.Z.). Topical or sub-Tenon anesthesia was administered, and
adequate dilation was obtained with preoperative mydriatic drops. Sur-
gically induced astigmatism of 0.2 D was assumed in all cases. In the
Toric group, the alignment axes of the Toric IOLs were pre-generated
using an online calculator (http://www.tecnistoriccalc.com) according
to the data from the optical coherence interferometry measurements. The
horizontal axis was marked preoperatively at the corneal limbus with a
marker pen while the patient was sitting upright with the head straight
on the chin rest of a slit lamp. The Toric IOL target axis was marked
intraoperatively using a marker ring.

FLACS was performed in all cases through a LENSAR femtosecond
laser platform (LENSAR LLC, Orlando, FL, USA). The procedure included
a 5.5-mm diameter capsulotomy with pupil centration and a concentric
cylinder and chop (sextants cut) pattern for lens fragmentation. After all
laser procedures, each patient was transported to a day-surgery operating
room where a conventional phacoemulsification cataract surgery was
performed. A 2.2mm temporal clear corneal incision as per standard
technique was made with an active-fluidics torsional phacoemulsifica-
tion machine (Centurion Vision System, Alcon Laboratories, Inc.). An IOL
(Tecnis ZCT or PCB00) was then placed in the capsular bag. In the Toric
group, the IOL was rotated clockwise to the target axis according to
preoperative manual marking on the corneal limbus.

After the surgery, all patients received the same treatment consisting
of a combination of levofloxacin (Cravit) and dexamethasone (Tobradex)
eyedrops, four times a day during the first week. The drops were slowly
tapered over the next 3 weeks.

2.3. Sample size

The calculation of sample size was based on the important visual
outcome: uncorrected near visual acuity. In previous study, Shin et al.
reported that patients with corneal astigmatism received cataract surgery
and has nearly �3.0 D myopic refraction as the target power, the un-
corrected near visual acuity of eyes implanted with Tecnis Toric ZCT IOL
was 0.26 � 0.33 logMAR and Tecnis ZCB00 IOL was 0.48 � 0.32 log-
MAR.15 To find a clinically significant difference between the two groups
in our study, we used PASS 15.0.5 software to calculate the sample size
based on the available data. The results showed that at least 36 samples
were required in each group, the total number of at least 72 samples
needed to be included in this study (alpha ¼ 0.05 and power ¼ 0.8).

2.4. Statistical analysis

Data analysis was performed using SPSS statistical software (version
25.0, IBM Corp.). Descriptive values are given as means � standard de-
viations. All data were tested for distribution normality using the
Kolmogorov-Smirnoff test. For data with a normal distribution, inde-
pendent t-tests were used to compare differences between the two
groups, and paired t-tests were used for comparison of the pre- and
postoperative data. For data with a non-normal distribution (stereopsis
acuity), Mann-Whitney U tests were used to compare postoperative dif-
ferences between the groups. Chi-squared tests were used to compare
categorical data. P-values less than 0.05 were considered statistically
significant.

3. Results

3.1. Preoperative data

The Toric group included 40 eyes (20 patients, 7 men and 13 women)
and the age was 58.2 � 8.0 years (range: 48–74 years). The non-Toric
group included 40 eyes (20 patients, 12 men and 8 women), and the
age was 59.1 � 7.4 years (range: 44–75 years). Demographic and

http://www.tecnistoriccalc.com
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preoperative biometric parameters were evaluated for both groups
(Table 1). There were no significant differences in the age, cataract grade
(LOCS III), axial length, preoperative BCDVA, UCIVA, UCNVA, SE, or
corneal astigmatism between two groups (P > 0.05, Table 1).

3.2. Postoperative data

The post-operative BCDVA (Fig. 1A) and UCIVA (Fig. 1B) of the Toric
group were 0.08 � 0.07 logarithm of the minimum angle of resolution
(logMAR) and 0.30 � 0.11 logMAR at 3 months, respectively. For the
non-Toric group, the post-operative BCDVA (Fig. 1D) and UCIVA
(Fig. 1E) were 0.09� 0.09 logMAR and 0.46� 0.09 logMAR at 3 months,
respectively. Both were significantly improved over the preoperative
assessments (P < 0.05). For the UCNVA, the 3-months postoperative
value of the Toric group was 0.23 � 0.14 logMAR, which was signifi-
cantly lower than at preoperative value (Fig. 1C, P < 0.05). However for
the non-Toric group, the postoperative UCNVAs at all follow-up visits
were not significantly different from preoperative values (all P > 0.05,
Fig. 1F).

There were no significant differences in the postoperative BCDVA
between two groups (P > 0.05, Table 2). The UCIVA and UCNVA were
significantly better in the Toric group than the non-Toric group at all
follow-up examinations (all P< 0.05, Table 2). At the third postoperative
month, the RRA in the Toric group, 0.44� 0.24 D, was lower than in non-
Toric group, 1.49 � 0.55 D (P < 0.05). For the SE, at three months after
IOL implantation, the value of the Toric group, �2.99 � 0.70, was not
different from the non-Toric group, �2.93 � 0.56 (P > 0.05, Table 2).

For both groups, the stereoacuity values at 1 and 3 months after IOL
insertion were similar to one another (Table 3). At three months, the
median near stereoacuity of the Toric group, 100 (range 40 – 400)
arcsec, was less than in the non-Toric group, 300 (range 50 – 800) arcsec
(P < 0.001, Table 3). At the same time, the intermediate stereoacuity of
the Toric group, 120 (range 50 – 400) arcsec, was also less than in the
non-Toric group, 400 (range 80 – 800) arcsec (P < 0.05). However,
there was no significant difference in the best-corrected distant ster-
eoacuity between two groups (P > 0.05, Table 3, Fig. 2).

At the third postoperative month, the near distance (40 cm) fine
stereopsis of 100 arcsec or better was achieved by 13 of 20 (65%) pa-
tients in Toric group and 3 of 20 (15%) patients in non-Toric group. At
the intermediate distance (80 cm), fine stereopsis of 100 arcsec or better
was achieved by 10 of 20 (50%) patients in Toric group and 1 of 20 (5%)
patients in non-Toric group.
Table 1
Patient demographics and preoperative data in the Toric and non-Toric groups.

Parameter Group P value

Toric Non-Toric

Eyes (n) 40 40 –

Age (years) 58.2 � 8.0 59.1 � 7.4 0.583a

Sex (n) 0.113b

Male 7 12
Female 13 8

Cataract grade (LOCS III)
Nuclear opalescence 3.7 � 1.0 3.8 � 0.9 0.723a

Nuclear color 3.7 � 0.9 3.8 � 0.8 0.678a

Axial length (mm) 27.62 � 1.31 27.69 � 1.19 0.788a

BCDVA (logMAR) 0.50 � 0.24 0.48 � 0.23 0.767a

UCIVA (logMAR) 0.69 � 0.17 0.67 � 0.16 0.634a

UCNVA (logMAR) 0.39 � 0.13 0.40 � 0.11 0.849a

SE (D) �11.93 � 3.23 �11.72 � 2.96 0.812a

Corneal astigmatism (D) 2.18 � 0.63 2.00 � 0.55 0.201a

Abbreviations: LOCS III, Lens Opacities Classification System III; BCDVA, best-
corrected distance visual acuity; UCIVA, uncorrected intermediate visual acu-
ity; UCNVA, uncorrected near visual acuity; logMAR, log minimum angle of
resolution; SE, spherical equivalent; D, diopter.
Notes:

a Independent t-test.
b Chi-square test.
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In the Toric group, the mean absolute rotation of the Toric IOL at the
third postoperative month was 4.08 � 2.25�, and the Toric IOL rotation
of 32 eyes (80%) was no more than 5�.

4. Discussion

The incidence of highly myopic eyes has been increasing, especially in
Asian nations.16 High myopia is also a powerful risk factor for cataract
formation.17 For patients with high myopia after cataract surgery, we
strive to establish a low level of myopia to maintain adequate near and
middle vision without the use of spectacles. In our study, according to the
different personal reading habits of our patients, we set a
post-implantation target of about �2.0 D to �3.5 D bilateral myopia in
both groups to achieve a clear near and middle vision that was likely to
ensure high spectacle independence. Hence, the postoperative uncor-
rected near and intermediate stereoacuity, UCNVA and UCIVA, were very
important for bilateral high myopia cataract patients with astigmatism.
We believe that this is the first controlled, prospective, comparative study
to examine the outcomes of near, middle, and distant visual acuity and
stereopsis in patients with high myopia and corneal astigmatism who
received a Toric or non-Toric IOLs through femtosecond laser-assisted
cataract surgery.

In a previous study, many of the cataract patients with high myopia
also had astigmatism, and treatment with Toric IOLs was effective.18

However, certain experts do not suggest the implantation of Toric IOLs to
correct astigmatism in cataract patients with high myopia because the
long axial length is a risk factor for Toric IOL rotation.19 In our series,
compared with preoperative vision, the BCDVA, UCIVA, and UCNVA
were significantly improved in patients with Toric IOL implantation after
FLACS. The results indicate that Toric IOLs could improve visual out-
comes in high myopic patients with corneal astigmatism. In contrast,
although the BCDVA and UCIVA of the non-Toric group was significantly
decreased from the preoperative state, the postoperative UCNVA did not
improve significantly. Furthermore, the UCIVA and UCNVA were
significantly better in the Toric group than the non-Toric group. This
indicates that Toric IOLs allow high myopia patients with corneal
astigmatism to achieve spectacle freedom for intermediate and near
vision. At the third postoperative month, the RRA in the Toric group was
significantly reduced compared with the non-Toric group. Thus the
changes in the postoperative UCIVA and UCNVA could be attributed to
the changes in the RRA.

Stereopsis is important in enabling precise sensing of position and
distance, and it is the most demanding quality of binocularity. Reduced
stereopsis may cause symptoms of discomfort, such as eyestrain and
diplopia.20 Astigmatism is an important factor relevant to stereoacuity in
patients with pseudophakia.21 For cataract patients, surgery is the best
solution to optical correction, as an IOL after cataract extraction can
restore stereopsis.14 Many studies have suggested that patients can
restore normal stereopsis after multifocal IOL implantation.20,22 How-
ever, it is not an optimal inclusion criteria for high myopic patients with
astigmatism and stereopsis has been largely overlooked in the field of
high myopic eyes. The near and intermediate distance Titmus stereopsis
is based on a vectographic technique and uses polarized glasses to induce
retinal disparity. Disparity varies between 40 and 800 arcsec in nine steps
for the Titmus test. There is no possibility of examining stereopsis in
patients with cataracts; thus, in the current study, we investigated only
postoperative stereopsis. Hence, the median uncorrected near and in-
termediate distance stereoacuity of the Toric group were, respectively,
100 and 120 arcsec at 3 months postoperatively, which were significantly
better than the non-Toric group. However, there was no significant dif-
ference in the best-corrected distant stereoacuity between two groups. It
is likely that Toric IOL implantation helps improve near and intermediate
distance stereoscopic vision in bilateral high myopic cataract patients
with astigmatism.

There are many studies on the relationship between visual acuity and
stereopsis.23 Donzis reported that when binocular Snellen visual acuity



Fig. 1. Comparison of BCDVA, UCIVA, and UCNVA before and after surgery in the Toric and non-Toric groups
BCDVA, best-corrected distance visual acuity; UCIVA, uncorrected intermediate visual acuity; UCNVA, uncorrected near visual acuity; LogMAR, log minimum angle of
resolution; *, P < 0.05.

Table 2
Postoperative data in the Toric and non-Toric groups.

Parameter/Group After surgery

7 days 1 month 3 months

BCDVA (logMAR)
Toric 0.10 � 0.10 0.09 � 0.09 0.08 � 0.07
Non-Toric 0.11 � 0.09 0.09 � 0.08 0.09 � 0.09
P value 0.490 0.860 0.914

UCIVA (logMAR)
Toric 0.29 � 0.15 0.31 � 0.12 0.30 � 0.11
Non-Toric 0.47 � 0.12 0.47 � 0.11 0.46 � 0.09
P value < 0.001* < 0.001* < 0.001*

UCNVA (logMAR)
Toric 0.24 � 0.11 0.22 � 0.09 0.23 � 0.14
Non-Toric 0.36 � 0.11 0.36 � 0.10 0.35 � 0.09
P value < 0.001* < 0.001* < 0.001*

RRA (D)
Toric 0.48 � 0.33 0.46 � 0.31 0.44 � 0.24
Non-Toric 1.46 � 0.69 1.48 � 0.55 1.49 � 0.55
P value < 0.001* < 0.001* < 0.001*

SE (D)
Toric �2.40 � 0.57 �2.93 � 0.70 �2.99 � 0.70
Non-Toric �2.49 � 0.49 �2.91 � 0.56 �2.93 � 0.56
P value 0.405 0.895 0.662

Values are presented as means � standard deviations. Abbreviations: BCDVA,
best-corrected distance visual acuity; logMAR, log minimum angle of resolution;
UCIVA, uncorrected intermediate visual acuity; UCNVA, uncorrected near visual
acuity; RRA, residual refractive astigmatism; D, diopter; SE, spherical equivalent.
*, P < 0.001.

Table 3
Postoperative stereoacuity in the Toric and non-Toric groups.

Stereoacuity (arcsec) Toric group Non-Toric group P

Near stereoacuity
1 month postop 90 (52.5, 140) 300 (155, 800) < 0.001*
Range 40 – 400 60 – 800
3 months postop 100 (50, 185) 300 (140, 800) < 0.001*
Range 40 – 400 50 – 800

Intermediate stereoacuity
1 month postop 120 (65, 200) 400 (155, 800) 0.002*
Range 50 – 800 60 – 800
3 months postop 120 (65, 200) 400 (155, 800) 0.001*
Range 50 – 400 80 – 800

Best-corrected distance stereoacuity
1 month postop 100 (60, 200) 90 (60, 175) 0.793
Range 30 – 400 30 – 400
3 months postop 100 (60, 200) 90 (60, 175) 0.793
Range 30 – 400 30 – 400

Values are presented as medians (25% quartile, 75% quartile). *, P < 0.05.
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varies in normal subjects from 20/20 to 20/200, stereopsis changes
proportionally.24 Moreover, the presence of strabismus is a contributing
factor to good visual acuity and stereoscopic vision.21 In the present
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study, we excluded all of the patients with postoperative strabismus. We
found that fine near and intermediate distance stereopsis of 100 arcsec or
better were higher in the Toric group at 3 months after IOL insertion. This
also indicates that Toric IOL implantation resulted in improved near and
intermediate distance stereopsis and visual acuity, which suggests the
possibility of a higher rate of post-surgical spectacle independence for the
patients. This can profoundly improve the postoperative quality of life
and satisfaction of patients with high myopic astigmatism.

A limitation of this study was that we calculated the visual outcomes
without taking into consideration the uncorrected distant visual acuity,
best-corrected intermediate visual acuity, and best-corrected near visual
acuity. Regarding the living habits of patients with high myopia, for far



Fig. 2. Near, intermediate, and distance stereoacuity at 3 months postoperatively in the Toric and non-Toric groups.
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vision they continue the postoperative use of low myopia-correcting
glasses, and for middle and near vision, no glasses are generally
required. Thus, it was not necessary to measure these values in this
clinical study. A second limitation was that clinical Titmus stereopsis
only estimates local stereoacuity between steps (from 40 to 800 arcsec in
nine steps) without establishing a stereoscopic threshold. Perhaps a
continuous measure of stereoacuity with high accuracy, like the Howard-
Dolman apparatus, would have shown greater differences in the
measured parameters between the Toric and non-Toric groups. These
limitations might have somewhat weakened the statistical power of our
study. Nevertheless, this first report provides insights into the differences
in the postoperative near, middle, distant visual acuity and stereopsis
acuity of cataract patients with high myopia and corneal astigmatism
who had FLACS combined with Toric or non-Toric IOLs implantation.

In conclusion, Toric IOL implantation resulted in improvement in
visual outcomes and provided good near and intermediate distance ste-
reopsis acuity in high myopia patients with astigmatism. This suggests
that Toric IOLs are effective not only for correction of astigmatism but
also for improving visual function in bilateral high myopic cataract pa-
tients with astigmatism.

5. Conclusions

Toric IOL rotation is significantly influenced by axial length, making
Toric IOL implantation in eyes with high myopia a challenge. For bilat-
eral high myopia cataract patients with astigmatism, FLACS combined
with Toric IOL implantation resulted in better UCMVA, UCNVA, and near
and intermediate distance stereopsis acuity than did non-Toric IOL im-
plantation. Toric IOL patients also had a lower RRA and a higher rate of
spectacle independence than did non-Toric IOL patients.
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Abbreviations

IOLs Intraocular Lenses
BCDVA Best-corrected Distance Visual Acuity
UCIVA Uncorrected Intermediate Visual Acuity
UCNVA Uncorrected Near Visual Acuity
RRA Residual Refractive Astigmatism
FLACS Femtosecond Laser-assisted Cataract Surgery
LOCS III Lens Opacities Classification System III
SE Spherical Equivalent
logMAR Logarithm of the minimum angle of resolution
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