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Abstract. Corneal astigmatism significantly compromises
uncorrected visual acuity (UCVA) after phacoemulsification
with implantation of traditional spherical or non-spherical
monofocal intraocular lens (IOL). Toric IOL provides an
effective way to gain favorable postoperative UCVA for the
patients with cataracts with corneal astigmatism. There are
numerous types of toric IOLs; however AcrySof® IQ toric
IOL (Alcon Laboratories, Inc.) and TECNIS® toric IOL
(Johnson & Johnson Vision; Johnson & Johnson) are most
frequently used in our clinical practice. The purpose of the
current study was to compare the clinical efficacy of AcrySof
IQ with TECNIS toric IOL implantation, and to provide a
clinical basis on selecting an appropriate toric IOL before
cataract surgery for patients with corneal astigmatism. A total
of 30 patients with cataract (44 eyes) with corneal astigmatism
[0.82-7.27 diopters (D)], who have undergone phacoemulsifica-
tion with toric IOL implantation between October 2012 and
December 2017, were included in the current retrospective
cohort study. Patients were divided into two groups: One group
(26 eyes) received the AcrySof IQ toric IOL (AcrySof group)
and the other group (18 eyes) received the TECNIS toric IOL
(Tecnis group). The indexes of curative effect, such as uncor-
rected and corrected distance visual acuity (UDVA and CDVA,
respectively), refractive outcomes, contrast sensitivity (CS),
IOL rotation, and satisfaction, were evaluated. Both toric IOLs
significantly improved UDVA and CDVA. Postoperative mean
residual astigmatism was similar in the AcrySof group and
in the Tecnis group (0.75+0.50 and 0.78+0.90 D; P=0.896).
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There was no statistically significant between postoperative
CS in the AcrySof and Tecnis groups. Rotations of >10°
were considered to be significant and were identified in three
eyes. The mean IOL rotation showed no statistically signifi-
cant difference (AcrySof group, 0.24+5.54°; Tecnis group,
-0.19+6.28° P=0.416). The mean patient satisfaction score was
8.46+1.21 in the AcrySof group and 8.78+1.44 in the Tecnis
group (P=0.260). The results of the current study indicated
that patients with cataracts with corneal astigmatism under-
going phacoemulsification with AcrySof IQ and TECNIS toric
IOL implantation achieved similar clinical efficacy in term of
visual outcomes, refraction correction, CS, rotational stability
and satisfaction.

Introduction

Corneal astigmatism is refractive error that impairs uncor-
rected visual acuity (1). A previous study analyzed 2,156 eyes
of 1,317 patients with cataracts and found that 73.7% of the eyes
had corneal astigmatism of <1.50 D and 26.3% had >1.50 D;
furthermore, 7.4% of the eyes had =3.00 D (2). Another study
reported that 15-29% of patients with cataracts had refractive
astigmatism of >1.50 D (3). Patients cataracts with corneal
astigmatism who receive traditional spherical or non-spherical
monofocal intraocular lenses (IOLs) frequently require
spectacles or additional corneal refractive procedures, such
as photorefractive keratectomy, peripheral corneal relaxing
incisions, or laser in situ keratomileusis (LASIK), to achieve
good visual acuity (4). However, peripheral corneal relaxing
incisions have several latent disadvantages, such as lack of
precision, limited cylinder correction, overcorrection, regres-
sion, wound gape, and varied healing responses (5). Moreover,
potential complications of photorefractive keratectomy and
LASIK include haze, keratitis, dry eye, regression, overcorrec-
tion and under-correction (6).

With the improved quality of life, cataract surgery has devel-
oped from a procedure for removing the cloudy lens safely so
patients can acquire freedom from glasses and gain excellent
uncorrected visual acuity (7,8). When patients undergo cataract
surgery, implantation of toric IOL is deemed the most effective
choice for correcting corneal astigmatism and reducing post-
operative spectacle dependence (9). Nonetheless, fluctuating
or inaccurate preoperative keratometry (10), undervaluation
of the total astigmatism in IOL power calculations (11-13),
unexpected surgically induced astigmatism (14), errors of IOL
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axis position (15), or IOL instability (16) could decrease the
curative effect of toric IOL. The optimal effect of toric IOLs
is dependent on the ability of the surgeon to minimize postop-
erative refractive error, in particular astigmatism (17).

There are numerous types of toric IOLs; however,
AcrySof® IQ and TECNIS® toric IOL are most frequently used
in the Department of Opthalmology, First Affiliated Hospital
of Xi'an Jiaotong University. Before cataract surgery, patients
often requires help to select the optimal type of toric IOL. The
objective of the present study was to compare the postopera-
tive visual acuity, refractive outcome, contrast sensitivity (CS),
rotational stability and satisfaction of patients with cataracts
with corneal astigmatism following implantation of two types
of toric IOLs in a tertiary hospital of northwest China, and to
provide a clinical basis for selecting an appropriate toric IOL.

Patients and methods

Participants.Clinical data were collected from 30 patients with
cataracts with low to high corneal astigmatism who received
cataract surgery with implantation of an AcrySof IQ (Alcon
Laboratories, Inc.) or TECNIS (Johnson & Johnson Vision;
Johnson & Johnson) toric IOL by the same ophthalmic surgeon
at the First Affiliated Hospital of Xi'an Jiaotong University
(Xi'an, China). The cohort consisted of 19 females and 11 males,
with a mean age of 68.87+16.07 years (range, 21-90 years).
Before surgery, patients were free to select their preferred type
of toric IOL and were assigned to groups based on their choice.
In one group, patients received the AcrySof IQ toric IOL
(AcrySof group), and in the other group, patients received the
TECNIS toric IOL (Tecnis group). The characteristics of these
two types of toric IOLs are shown in Table I. The AcrySof 1Q
IOL cylinder power models include 1.00, 1.50,2.25,3.00, 3.75,
4.50, 5.25 and 6.00 D. The Tecnis IOL cylinder power models
include 1.00, 1.50, 2.25, 3.00 and 4.00 D. Written informed
consent was obtained from all patients before cataract surgery.
The study protocol was approved by the Ethics Committee
of the First Affiliated Hospital of Xi'an Jiaotong University
(Xi'an, China). This study was conducted in accordance with
the tenets of the Declaration of Helsinki. The inclusion criteria
were as follows: i) Patients older than 18 years; ii) visually
significant cataract diagnosis; and iii) preoperative regular
corneal astigmatism >0.75 D, with corneal topography of
with-the-rule astigmatism (direction of maximum refractive
power, 90+30°) and against-the-rule astigmatism (direction
of maximum refractive power, 180+30°). Exclusion criteria
included irregular corneal astigmatism, a history of keratitis,
corneal scarring, prior corneal surgeries and active corneal
diseases that could compromise vision. Furthermore, patients
with zonular weakness were excluded.

Preoperative assessment. In addition to collection of demo-
graphic information, all patients underwent a comprehensive
ophthalmologic examination prior to surgery, including
slit-lamp examination, dilated fundoscopy, measurement of
uncorrected and corrected distance visual acuity (UDVA and
CDVA, respectively), manifest refraction, intraocular pressure,
corneal topography (Carl Zeiss Meditec AG), and IOLMaster
500 partial coherence interferometry (Carl Zeiss Meditec AG).
The decimal values of visual acuity obtained from the interna-

tional visual chart at 5 M were converted into logarithm of the
minimum angle of resolution (LogMAR) values. The required
IOL cylinder power and axis placement were calculated using
online calculators from the respective IOL manufacturers. The
AcrySof toric calculator (www.acrysoftoriccalculator.com;
v. 3.2.3) was used with an A-constant of 119.2 for the AcrySof
1Q toric IOL. The TECNIS toric calculator (www.tecnistoric-
calc.com; v. 3.28) was used with an A-constant of 119.3 for the
Tecnis toric IOL. In online calculator, the surgically induced
astigmatism was set at 0.50 D on the axis where the main inci-
sion was made.

Operative technique. With the subject seated upright, the
surgeon marked the corneal limbus of the operative eye
as reference markings (0 and 180°) using a slit lamp and a
marking pen. The axis marker was aligned with the corneal
reference marks intraoperatively. The incision and the
intended axis of the lens were inked with a surgical skin
marker. Surgery proceeded as in standard cataract surgery.
According to the surgeon's operation habit and experience,
the primary corneal incision was 3-mm at 120°. The anterior
capsule was opened with a diameter of ~5.5 mm through a
continuous-tear capsulorhexis. After phacoemulsification
and cataract removal, lenses were folded and implanted using
conventional instruments. Once in the capsular bag, the toric
IOL was rotated until the axis indentations of the IOL were
aligned with the subject's intraoperative axis marking. All
ophthalmic viscoelastic devices were completely removed to
avoid further rotation of the IOL.

Postoperative assessment. Patients who have undergone
surgeries were reviewed once between 1 month to 4 years
postoperatively. Outcome measures included visual acuities
(LogMAR UDVA and CDVA), manifest refraction (obtained
by an optometrist), CS under mesopic, photopic and mesopic
glare at four spatial frequencies (CSV-1000E; VectorVision,
Inc.), slit-lamp examination, dilated fundoscopy, toric axis
using the ‘Toric IOL Rotation Summary’ software with
OPD Scan III workstation (Nidek Co., Ltd.) under mydriasis
(1.0% tropicamide; Santen Pharmaceutical Co., Ltd.), and a
subjective visual quality questionnaire drafted according to a
previous study (18). Rotation of the toric IOL was evaluated
as follows: A clockwise rotation was counted as positive and
counterclockwise rotation as negative.

Subjective visual quality questionnaire. Patients were asked
yes/no questions about spectacle independence, incidence of
postoperative optical or visual disturbances such as ghosting,
glare, difficulty in nighttime vision, halos, visual distortion,
and color vision or depth perception impairment. Furthermore,
patients were asked to evaluate their satisfaction with visual
improvement using a score scale from 0 to 10 at intervals of 1
(score 0, not at all satisfied; score 10, very satisfied).

Calculation of refractive astigmatism reduction. The mean
percentage of refractive astigmatism reduction was calculated
using the American National Standards Institute (ANSI)
formula (19). The following equation was used: (Postoperative
refractive cylinder-preoperative keratometric cylinder)/(target
refractive cylinder-preoperative keratometric cylinder) x100%.
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Table I. Characteristics of the AcrySof® IQ and TECNIS® toric IOLs.

Characteristic AcrySof 1Q Toric IOL model SN6AT2-T9 Tecnis Toric IOL model ZCT100-400
Material Hydrophobic acrylic Hydrophobic acrylic

Optic diameter, mm 6.0 6.0

Overall diameter, mm 13.0 13.0

Optic shape

Biconvex, anterior toric aspheric surface

Biconvex, anterior toric aspheric surface

Haptic design Modified L design, integral with optic Modified C design, integral with optic

Edge design Discontinuous 360° posterior square edge ProTec frosted, continuous 360° posterior square edge
A-constant, mm 119.0 118.8

Refractive index 1.55 1.47

Light filtering UV and blue light uv

Spherical power, D +6.0 to +30.0 (0.5 steps) +5.0 to +34.0 (0.5 steps)

Cylinder power, D 10t06.0 10to 4.0

Incision, mm 22 22

IOL, intraocular lens; UV, ultraviolet; D, diopters.

Statistical analysis. All statistical analyses were performed
using SPSS for Windows (version 18.0; SPSS, Inc.). Data are
presented as the mean + standard deviation or as frequencies.
The Kolmogorov-Smirnov test was used to test the normality
assumption. To assess the differences between AcrySof
and Tecnis groups, Student's t-test was applied if the values
presented normal distribution, and Mann-Whitney U test was
performed if the values did not present normal distribution.
For a mixture of paired and unpaired data comparisons, such
as visual acuity and refraction, a mixed ANOVA and simple
main effects with Bonferroni correction were used. The
Fisher's exact test was used to analyze the gender distribu-
tion of patients. Chi-square test was used for comparisons of
postoperative categorical variables. P<0.05 was considered to
indicate a statistically significant difference.

Results

Patients demographics and characteristics. Among the
30 patients (44 eyes) included in the current study, 18 patients
(26 eyes) received the AcrySof IQ toric IOL SN6AT3-T7
and 12 patients (18 eyes) received the TECNIS toric IOL
ZCT225-400. The collective characteristics and preoperative
clinical data are presented in Table II. No significant differ-
ence was noted between the two groups.

Visual acuity. There were no differences between the two
groups in preoperative UDVA or CDVA (P=0.288 and
P=0.116, respectively; Fig. 1A and B). Toric IOL implantation
significantly improved UDVA (AcrySof group: Preoperative,
0.68+0.25 LogMAR vs. postoperative, 0.20+0.14 LogMAR,
P<0.01; Tecnis group: Preoperative, 0.63+0.27 LogMAR
vs. postoperative, 0.15+0.17 LogM AR, P<0.01; Fig. 1A) and
CDVA (AcrySof group: Preoperative, 0.36+0.21 LogMAR
vs. postoperative, 0.04+0.06 LogMAR, P<0.01; Tecnis
group: Preoperative 0.28+0.16 LogMAR vs. postoperative,
0.01+0.07 LogMAR, P<0.01; Fig. 1B). There were no differ-
ences between the two groups in postoperative UDVA or

CDVA (P=0.867 and P=0.926, respectively; Fig. 1A and B).
For postoperative mean UDVA, 92 and 83% of the eyes
achieved a value of 0.3 LogMAR in the AcrySof and Tecnis
groups, respectively. For postoperative mean CDVA, 100 and
94% of the eyes achieved a value of =0.1 LogMAR in the
AcrySof and Tecnis groups, respectively. These results indi-
cated that the visual effect of both toric IOLs was statistically
and clinically significant.

Refraction. No statistically significant between-group differ-
ences were noted in preoperative corneal astigmatism (AcrySof
group, 2.01+0.44 D vs. Tecnis group, 2.27+1.35 D; P=0.381;
Fig. 2) and postoperative residual astigmatism (AcrySof group,
0.75+0.50 D vs. Tecnis group, 0.78+0.90 D; P=0.896; Fig. 2).
In both groups, refractive astigmatism was reduced signifi-
cantly after a toric IOL implantation (P<0.01). The median
deviation of the postoperative residual astigmatism from the
predicted residual astigmatism, based on manufactures' IOL
calculators, was 0.71 D with a range of -0.25-1.52 D in the
AcrySof group and 0.30 D with a range of -1.15-1.99 D in the
Tecnis group. No significant difference was noted between
the two groups (P=0.23). Postoperative residual astigmatism
was within £0.50 D of the predicted residual astigmatism
in 12 eyes (46%) in the AcrySof group and 9 eyes (50%) in
the Tecnis group, and within +1.00 D in 19 eyes (73%) in
the AcrySof group and 14 eyes (78%) in the Tecnis group.
According to the ANSI formula for % refractive astigmatism
reduction, in 36 eyes (21 in the AcrySof group and 15 in the
Tecnis group) with >-1.50 D preoperative corneal astigmatism,
the mean percentage of refractive astigmatism reduction was
66.84+27.70% in the Acrysof group and 76.63+39.12% in the
Tecnis group (data not shown).

CS. CS results under mesopic, photopic and mesopic glare at
four spatial frequencies are presented in Table III. There was
no statistically significant between-group difference in CS
among the three illumination conditions at 3,6, 12 or 18 cycles
per degree.
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Table II. Comparison of patient demographics and preoperative clinical data between the two groups.

Parameter Acrysof group Tecnis group t (u) P-value

Age, years®
Mean + SD 70.6+£10.3 66.3+£22.5 108.000 1.000
Range 48-85 21-90

Sex, n (%) 0.266
Female 13 (72) 6 (50)
Male 5(28) 6 (50)

UDVA, LogMAR®
Mean + SD 0.68+0.25 0.63+0.27 -200.000 0411
Range 0.30to 1.20 0.40-1.40

CDVA, LogMAR®
Mean + SD 0.36+0.21 0.28+0.17 193.500 0.329
Range 0.10-0.92 0-0.60

Corneal astigmatism, D°
Mean + SD 2.01+0.44 2.27+1.35 230.500 0.933
Range 1.20-2.98 0.82-7.27

IOL power, D
Sphere* 19.63+6.05 21.14+3.53 -0.947 0.349
Cylinder, IOL plane® 2.72+0.69 3.13+0.71 167.500 0.095
Cylinder, corneal plane® 1.88+0.50 2.14+0.49 187.500 0.248

“Fisher's exact test; "Mann-Whitney U test, Student's t-test. IOL, intraocular lens; D, diopters; UDVA, uncorrected distance visual acuity;
CDVA, corrected distance visual acuity; LogMAR, logarithm of the minimum angle of resolution.
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Figure 1. Comparison of preoperative and postoperative (A) UDVA and (B) CDVA between the two groups. Data were analyzed by mixed ANOVA and simple
main effects with Bonferroni correction. “P<0.01, as indicated; NS, no significant difference. UDVA, uncorrected distance visual acuity; CDVA, corrected

distance visual acuity; Preop, preoperative; Postop, postoperative.

Rotational stability. The current study evaluated the toric IOL
alignment using the OPD Scan III workstation (Fig. 3). IOL
rotation results are presented in Fig. 4. The overall mean devia-
tion of intraocular lens from the target position was 0.22+5.78°
(range, -18.0 to 16.8°). The mean deviation of intraocular lens
from the target position was 0.24+5.54° (range, -7.7 to 16.8%)
in the AcrySof group and -0.19+6.28° (range, -18.0 to 10°) in
the Tecnis group (Fig. 5). There was no significant difference
in IOL axis rotation between the two groups (P=0.416). The
misalignment was within +5° in 32 of 44 eyes (72.7%) and
+10° in 41 of 44 eyes (93.2%). However, significant rotation

with >10° was found in three eyes, among which two eyes
received an AcrySof and one eye received a TECNIS toric
IOL. One of the AcrySof IQ toric IOL misalignments was
found to have rotated by 16.8° at 2 months after the operation,
with a UDVA of 0.20 LogMAR, CDVA of 0.07 LogMAR and
no residual refractive cylinder error. The other Acrysof 1Q
toric IOL misalignment was found to have rotated by 12.4° at
8 months after the operation, with a UDVA of 0.30 LogMAR,
CDVA of 0.10 LogMAR and a residual refractive cylinder of
-1.75 D. This eye had concomitant exotropia and had repeat-
edly undergone intravitreal drug injections for macular edema



Table III. Comparison of postoperative contrast sensitivity between the AcrySof and Tecnis groups.

Mean contrast sensitivity + SD

Mesopic glare

Photopic

Mesopic

Parameter
SF, cpd

18

12

18

12

18

12

0.76+0.37
0.83+0.38

141+046  0.87+043 1.66+026 1.74+025 131+025 0.82+039 1.54+0.28 1.65+0.39  1.15+0.36
0.95+0.48 0.85+0.36 1.67£033  1.20+0.38

1.67+0.18

1.61+0.30

AcrySof group

EXPERIMENTAL AND THERAPEUTIC MEDICINE 20: 25, 2020 5

1.58+0.30

1.80£0.24 1.41+0.27

1.70£0.22

1.45+0.43
0.776°

1.74+0.24

1.64+0.29

Tecnis group

0.720* 0.510° 0.120* 0.762* 0.685* 0.864° 0.665* 0.501*

0.656*

0.209*

0.862*

P-value

“Mann-Whitney U test; °Student's t-test. SF, spatial frequency; cpd, cycles per degree.
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Figure 2. Comparison of preoperative corneal astigmatism and postoperative
residual astigmatism between the two groups. Data were analyzed by mixed
ANOVA and simple main effects with Bonferroni correction. ““P<0.01, as
indicated; N S, no significant difference. Preop, preoperative; Postop, post-
operative; D, diopters.

resulting from diabetes prior to the operation. The TECNIS
toric IOL misalignment was found to have rotated by -18.0°
at 1 week after the operation, with a UDVA of 0.10 LogMAR,
CDVA of 0.00 LogMAR and a residual refractive cylinder of
-0.50 D. IOL repositioning was not performed for these three
eyes because the patients expressed good satisfaction and
refused reoperation.

Visual functioning questionnaire results. Approximately 66.7%
of subjects in the Acrysof group and 100% of subjects in the
Tecnis group reported a degree of spectacle independence for
distance vision. No patients reported postoperative ghosting,
halo, visual distortion, difficulty in color vision or depth
perception in both groups. Only 2 patients (two eyes) reported
slight glare and 4 patients (six eyes) reported slight difficulty
in nighttime vision in the Acrysof group. Three patients (five
eyes) reported slight glare in the Tecnis group. There were no
differences between the two groups in the percentage of eyes
without glare or slight difficulty in nighttime vision (P=0.170
and P=0.08]1, respectively). The mean patient satisfaction score
was 8.46+1.21 in the AcrySof group and 8.78+1.44 in the
Tecnis group (P=0.260). Questionnaire results are summarized
in Table I'V.

Discussion

The current study indicated that patients with low to high
corneal astigmatism achieved comparable visual outcomes,
refraction correction, CS, rotational stability and satisfaction
after undergoing phacoemulsification with AcrySof and Tecnis
toric IOL implantation. The current study presented data for
the real-world refractive correction and rotational stability of
toric IOLs in a tertiary hospital in northwest China.
Management of corneal astigmatism during cataract
surgery is a routine consideration in modern clinical prac-
tice (20). Published overview data indicated that AcrySof toric
IOL effectively reduced pre-existing corneal astigmatism,
resulting in better UDVA and less spectacle dependence after
surgery (21,22). Excellent clinical results were obtained in this
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Figure 3. Postoperative toric IOL alignment from the target axis evaluated using the OPD Scan III workstation and ‘Toric IOL Rotation Summary’ software.

(A) -1° misalignment. (B) -5° misalignment. (C) -1° misalignment. (D) -7° misalignment. Green axis, implantation axis; red axis, target axis.
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Table IV. Comparison of the results of the postoperative subjective visual quality questionnaire between the two groups.
Result AcrySof group Tecnis group P-value
No ghosting, % 100.00 100.00
No glare, % 92.31 72.22 0.170*
No difficulty in nighttime vision, % 76.92 100.00 0.081¢
No halo, % 100.00 100.00
No visual distortion, % 100.00 100.00
No difficulty in color vision, % 100.00 100.00
No difficulty in depth vision, % 100.00 100.00
Patient satisfaction score 8.46+1.21 8.78+1.44 0.260°
3Chi-square test; "Mann-Whitney U test.
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Figure 4. Deviation of intraocular lens from the target position in the (A) AcrySof group and (B) Tecnis group. The clockwise rotation was regarded as positive

and the counterclockwise rotation was regarded as negative.
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Figure 5. Comparison of intraocular lens rotation between the two groups. The
clockwise rotation was regarded as positive and the counterclockwise rotation
was regarded as negative. The data were analyzed by Mann-Whitney U test.
NS, no significant difference.

cohort. No statistically significant between-group difference was
noted in postoperative UDVA or CDVA. The majority of patients
achieved highly significant UDVA and CDVA improvement.
The current results are consistent with those previously reported
for a number of toric IOLs, including Bi-Flex T, AcrySof,
Rayner T-Flex® and TECNIS (1,4,9,18). There was no difference
between the two groups in postoperative residual astigmatism.
Patients achieved significant correction of corneal astigmatism
in both groups and these results are consistent with a previous
study on AcrySof Toric IOL (23,24). Waltz et al (19) found a

mean reduction in refractive astigmatism of 76.27+33.09% after
the TECNIS toric IOL implantation at 6 months, which was
comparable with the 76.63+39.12% in the Tecnis group reported
in the current study.

CS represents a useful summary of functional vision and
is a more sensitive index to predict performance impairment
than standard acuity measurements (25). Ninomiya et al (26)
found no difference in CS between different IOL cylinder
power models of AcrySof IQ toric IOL. The current study
included a comparative analysis with CS under three different
illumination conditions and found no difference between the
two IOL groups.

Postoperative rotational stability of toric IOL has a critical
effect on the final visual outcome. Postoperative IOL rotation
may be affected by several factors, such as the IOL mate-
rial and diameter, design of IOL haptics, partial removal of
viscoelastics from the eye or significant capsule shrinkage
after surgery (27,28). In the present study, the deviation of
intraocular lens rotation from the target position with an arith-
metic mean postoperative misalignment was 0.24+5.54° in
the AcrySof group and -0.19+6.28° in the Tecnis group. This
result compared favorably with two published trials reporting
on rotational stability of AcrySof toric IOL (mean values,
-1.75+£2.93° and 5.06+4.21%) (23,29).1t can be hypothesized
that a misalignment of <5° may be attributed to reference
marking errors on the slit lamp, other than IOL rotation as
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stated previously (30). In the current study, postoperative IOL
rotation was comparable between the AcrySof and Tecnis
groups. Overall, the rotational stability was consistent with
good visual and refractive outcomes. Significant rotation of
>10° was found in three eyes. In one eye, significant toric IOL
rotation with -1.75 D residual cylinder appeared to have been
associated with concomitant exotropia and repeated intravitreal
drug injections. It has been previously reported that repeated
intravitreal drug injections resulted in zonular weakness or
damage, and lead to significant capsule shrinkage (31). In the
other two eyes with significant toric IOL rotation, good visual
acuity and low residual cylinder were achieved; therefore,
preoperative measurement or calculation errors of target axis
may have caused the rotation. The current study used toric IOL
online calculators provided by the respective manufacturers
for cylinder power and axis calculation. Nowadays, Barrett
Universal II Formula was often used in studies (32,33).

The current study achieved good satisfaction scores in
subjective visual quality evaluated using a questionnaire in
both groups. Approximately 66.7% of subjects in the AcrySof
group and 100% of subjects in the Tecnis group reported a
degree of spectacle freedom for distance vision. No patient
reported issues with subjective visual symptoms, such as
ghosting, halo, visual distortion, difficulty in color vision
and impaired depth perception. Only five eyes in the Tecnis
group and two eyes in the AcrySof were affected by slight
glare. Only 4 patients who received AcrySof IOLs reported
slight difficulty with scotopia, which may have been caused by
blue light filtration. Mainster (34) indicated that blue blocking
could decrease scotopia, and conventional UV-only blocking
IOLs provide higher scotopic sensitivity than blue blocking
IOLs. There were no differences between the two groups in the
percentage of eyes without glare or slight difficulty in night-
time vision, and the patient satisfaction score was comparable
in the two groups.

Finally, there were no adverse events related to the
surgery or IOL during the postoperative follow-up period and
secondary intervention to reposition the toric IOL was not
required. Thus, all toric IOLs used in the current study were
safe for patients with cataracts with corneal astigmatism. The
current retrospective study had certain limitations. First, the
number of cases was relatively small making it difficult to
perform analyses with high statistical power. Second, the post-
operative assessment period ranged from 1 month to 4 years,
which may have resulted in bias. This was performed as it was
intended that all clinical data was collected from patients who
underwent cataract surgery with toric IOL implantation by
the same one ophthalmic surgeon. Third, vector analysis of
residual astigmatism to evaluate changes in refractive astig-
matism was not performed in the current study; however, this
will be the subject of future studies. In spite of these limita-
tions, some conclusions may still be drawn based on careful
consideration of the available data.

In conclusion, patients with cataracts with corneal astig-
matism achieved comparable improvement in visual acuity,
astigmatism correction, CS, rotational stability and satisfac-
tion, following AcrySof and TECNIS toric IOL implantation
in a tertiary hospital in northwest China. Both toric IOLs
appear equally effective alternatives for patients with cataracts
with corneal astigmatism.
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