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Abstract

Purpose To investigate the advantages/disadvan-
tages of a 1.0 D toric IOL vs spherical IOL after
regular phacoemulsification in eyes with preoperative
astigmatism <1 D.

Methods Retrospective comparative series involv-
ing pseudophakic eyes with preoperative topographic
astigmatism<1.0 D implanted either with monofo-
cal 1.0 D Toric IOL (T-group), or with spherical IOL
(S-group). The postoperative refractive astigmatism
(PRA, i.e. surgically induced + corneal) was the main
outcome; also considered in the analyses were the
uncorrected and best-corrected distance visual acuity
(VA). The data were referred to the last postoperative
follow-up visit, 2 to 4 months after surgery.

Results A total of 60 eyes were included: 30 in the
T-group and 30 in the S-group, matched for patient’s
age, laterality, and axial length. Before surgery, the
mean corneal astigmatism was 0.62+0.39 D in the
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T-group and 0.54+0.33 D in the S-group (p=0.4).
In the S-group, PRA was 0.73+0.37 D, higher than
the corresponding preoperative corneal astigmatism
(»=0.040). In the T-group, PRA was 0.58+0.31 D;
the variation was not statistically significant. Uncor-
rected VA was significantly better in the T-group vs
the S-group (p=0.007), and the best-corrected VA
was comparable in the two groups.

Conclusion The present study indicated that in
eyes with very low preoperative astigmatism, 1.0
D toric IOLs were able to limit the increase of the
PRA instead of those observed with the spherical
IOLs. This could support the better uncorrected VA
recorded in the T-group.

Keywords Cataract surgery - Pseudophakia -
Astigmatism - Toric IOL - Spherical IOL

Introduction

Eyes addressed to cataract surgery with monofocal
intraocular lens (IOL) implants presenting corneal
astigmatism < 1.0 D usually receive spherical IOL.
However, the refractive outcome of these eyes with
preoperative astigmatism within a physiological inter-
val can be worse than the outcome of eyes present-
ing higher astigmatism but implanted with toric IOLs
[1-3]. The against-the-rule or the oblique anterior
corneal astigmatism, the posterior corneal astigma-
tism and the surgically induced astigmatism (SIA) are
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the main contributors to this residual refractive error
in eyes receiving spherical IOL [4-6].

One-dioptre toric monofocal IOLs correct about
0.60-0.70 D of astigmatism at the spectacle plane,
depending on the “A” constant [7, 8]. Even in eyes
with an almost spherical cornea, these toric implants
might contribute to a final refractive astigmatism
lower than that of spherical IOLs [3]. To deeper
investigate this issue, we compared the refractive
results of two groups of eyes with low preoperative
corneal astigmatism implanted either with toric or
with spherical IOLs.

Materials and methods

Regular pseudophakic patients implanted with mono-
focal IOL between January 2019 and December 2020
were considered for this retrospective comparative
study, which followed the principals of the declara-
tion of Helsinki and was approved by the Area Vasta
Emilia Nord Etic Committee (#126/2022). Inclu-
sion criteria were preoperative corneal astigmatism
(simulated keratometry in the 3-mm central cornea,
SIM K)< 1.0 D; regular corneal topography; targeted
IOL power between 18.0 D and 25.0 D as calculated
with the Kane formula [9]; uneventful in-the bag IOL
implantation; no combined ocular surgery; final best-
corrected visual acuity (BCVA)<0.1 LogMAR.

The eyes included had received either a 1.0 D
toric single-piece monofocal IOL (PerfecTor, Hanita
Lenses, Israel) following temporal clear cornea 2.2
mm incision; or a spherical single-piece monofocal
IOL (Incise, Bausch & Lomb, USA) following 2.2
mm incision on the steepest axis when the corneal
astigmatism was> 0.5, and horizontally for corneal
astigmatism <0.5 D. The incisions are known to pro-
duce about 0.25 D of SIA [10, 11].

Preoperatively, the corneal astigmatism was
assessed by the Sirius Scheimpflug camera topog-
rapher (CSO, Italy), with the refractive index set
at 1.3375. Three measurements were taken for each
eye, and the mean values of the Sim K were noted
in terms of power (dioptres) and axis (degrees). The
direction of the measured astigmatism was assumed
as follows: with-the-rule (WTR): 60°-120°; against-
the-rule (ATR): 0°-30° and 150°-180°; oblique
(OBL): 30°-60° and 120°-150°. The axial length was
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measured with the IOL Master 500 Optical Biometer
(Zeiss, Germany).

All surgeries were performed by the same expert
surgeon (PM), the Stellaris phacoemulsifier with the
1.8 microincision phaco tip (Bausch & Lomb, Roch-
ester, USA) was used, with the Medicel 1.8 mm injec-
tor used for all implantations (Medicel AG, Swit-
zerland). For the spherical monofocal implants, the
Barrett Universal II formula with an emmetropic tar-
get was adopted. The 1.0 D toric IOLs were aligned
along the axis suggested by the Kane Toric formula
using a Mendez ring with reference to the horizontal
corneal meridian marked at the slit lamp in the oper-
ating theatre. An emmetropic target was also aimed
for toric implants.

Data for the study refer to the last postoperative
follow-up visit, which occurred for all cases 2 to
4 months after surgery. At that time, corneal topog-
raphy was performed following the same procedure
adopted preoperatively. Automated refraction (Top-
con KR800) was employed to measure the objective
refraction (as the mean of 3 measurements), refined
by the Jackson cross-cylinder to assess the BCVA
(early treatment diabetic retinopathy—ETDRS—
chart at 4 m). The visit considered for the study had
to report the IOP value and the details of the slit-lamp
examination of the anterior segment, vitreous (by ret-
roillumination), and posterior pole (under mydriasis
using a 90-dioptre lens). For toric IOLs, the proper
alignment with the preoperative target was checked
during the mydriatic slit-lamp evaluation.

Statistical analysis

The sample size was calculated considering the null
hypothesis rejection for>0.25 D difference in the
postoperative refractive astigmatism, 95% confi-
dence limits and 0.30 D as the standard deviation
of the measurements. This calculation showed that
at least 23 eyes per group should be considered for
binary comparison purposes. Means and standard
deviations were reported for continuous variables
with a normal distribution. To analyse data refer-
ring to eyes implanted with Toric IOL (T-group)
and eyes implanted with Spherical IOL (S-group),
the Student’s t or the Fisher’s exact tests were used
for the normally distributed parameters and the cor-
responding nonparametric tests for the non-normal
distributions. Statistical analyses were performed
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using commercial software (SPSS version 25.0; IBM,
Armonk, NY, USA); the P<0.05 was considered
significant.

The online calculator tools of the American Soci-
ety of Cataract and Refractive Surgery (available
at www.ascrs.org) were used to represent the cor-
neal astigmatism before and after surgery, the SIA,
and the pseudophakic clinical astigmatism [12-14].
The internal astigmatism in the operated eyes was
assessed with the online ASSORT Vector calculator
of the International Refractive Surgery Society (avail-
able at www.isrs.org) and computed as the difference
between the corneal astigmatism and the clinical
astigmatism [15].

Results

Sixty eyes of as many patients were included in the
study: 30 in the T-group and 30 in the S-group. The
study groups were matched for patient’s age, eye
laterality and axial length. Table 1 shows the preop-
erative characteristics of the two groups, statistically
comparable for all the considered parameters except
for the IOL power, due to the different “A” constant
of the two models. Incision location in the S-group
was ATR in 14 eyes, WTR in 10 eyes, OBL in 6 eyes.
Intraoperative IOL alignment in the T-group was
ATR in 19 eyes, WTR in 6 eyes, and OBL in 5 eyes.
At the final postoperative examination, 21 Toric IOLs
were found aligned within 5° from the intended axis;
7 were found misaligned by 6°-10°, and 2 were mis-
aligned by 11° to 16°. The mean misalignment was

4.2+2.7°. The uncorrected distance visual acuity was
0.08 £0.07 LogMAR in the T-group and 0.13 +0.07
LogMAR in the S-group (p = 0.007). The BCVA was
comparable in the two groups, at 0.01+0.04 Log-
MAR and 0.02 +0.04 LogMAR, respectively.

The uncorrected near visual acuity was also tested
to check if the 1.0 toric implant could play a role
in near vision for these eyes founding no difference
between the two groups.

Before surgery, the mean corneal astigmatism was
0.62+0.39 D in the T-group and 0.54 +£0.33 D in the
S-group. At the final evaluation, it was 0.56+0.38 D
and 0.55+0.39 D, respectively, without significant
changes in both the inter- and intragroup compari-
son. Mean SIA was 0.32+0.16 D in the T-group and
0.354+0.21 D in the S-group (Fig. 1).

The postoperative clinical refractive outcome
is detailed in Table 2, with a positive notation for
the cylinder component. Although the mean clini-
cal refractive astigmatism was slightly higher in the
S-group, this difference, as well as that referred to the
spherical component of the two groups, did not test
significantly.

Figure 2a and b reports the preoperative cor-
neal astigmatism (left side) and the postopera-
tive refractive astigmatism (PRA) at the spectacle
plane (right side) for the two groups. There was
no statistical difference between the two groups in
the postoperative refractive outcomes referring to
both the amount of the PRA and the correspond-
ing centroids. However, in the S-group the PRA
(i.e. SIA+corneal components) was 0.73+0.37
D (Fig. 2b), significantly higher (p=0.040) than

Table 1 Characteristics of

. . Parameter Unit 1-D Toric IOL Spherical IOL P

the eyes and implants in the

two study groups No. of eyes n 30 30
Patient age y 77.1+6.2 78.4+6.3 0.423
Male/Female n 13/17 13/17 1.000
Right/Left eye n 14/16 16/14 0.976
Axial length mm 233+1.1 232+12 0.737
“A” constant n 117.7 119.2
IOL power D 20.43+1.44 21.75+1.25 0.001
Toric IOL alignment WTR/ATR/ 6/19/5 -

OBL
Preoperative corneal astig- D 0.62+0.39 0.54+0.33 0.394
matism (mean SD)
WTR with-the-rule; ATR Postoperative corneal D 0.56+£0.38 0.55+0.39 0.94

against-the-rule; OBL

astigmatism (mean SD)
oblique
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SIA - 1.0 D Toric IOL
45°

Centroid: 0,08D @ 14° * 0,35D
Mean Absolute: 032D #+ 0,16D
W cCentroid O 95% confidence ellipse of the centroid

Fig. 1 Surgically induced astigmatism (SIA) in the two study groups

Table 2 Postoperative clinical refraction at the spectacle plane

Postoperative refraction 1.0 D Toric IOL  Spherical IOL
Sphere -0.58+0.43 D -0.58+0.82D
Cylinder +0.58+0.32D  +0.73+0.37D
Cylinder axis 79.4°+£70.4° 64.8°+62.9°

the corresponding preoperative corneal astigma-
tism, i.e. avoiding the lens and surgical induced
components. In the T-group, the mean PRA was
0.58 +£0.31 D (Fig. 2a); the variation with respect to
the corresponding preoperative assessments was not
statistically significant.

The overall distribution of the PRA is shown
in Fig. 3b. The number of eyes with<0.75 D of
PRA was 26 in the T-group and 18 in the S-group
(p=0.039); 2 eyes in the T-group and 6 eyes in the
S-group had PRA > 1.0 D. Twelve eyes in the T-group
and 16 eyes in the S-group had preoperative corneal
astigmatism<0.5 D (Fig. 3a). Considering these
selected subgroups, the mean PRA was 0.50+0.34
D in the toric implanted eyes and 0.64+0.42 D in
the eyes with the spherical IOL. While the inter-
subgroups difference (T vs S subgroup) was not sta-
tistically significant, the intra-subgroup difference
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O 95% confidence ellipse of the dataset

SIA - Spherical IOL

Centroid: 0,02D @ 170°

+
Mean Absolute: 0,35D *

0,41D
0,21D

Eachring= 0,50 D

tested significant in the sole spherical implanted eyes
(p=0.003).

The axis of the preoperative corneal astigmatism
and that of the PRA are reported in Fig. 4. In the
postoperative assessment, ATR refractive astigma-
tism was predominant in both groups. The S-group
showed a significant axis shift from the preoperative
corneal values to the postoperative refractive values
(p=0.016).

The mean internal astigmatism in the pseudopha-
kia was 0.73+0.43 D in the T-group and 0.70+0.33
D in the S-group. There was no difference between
groups in the magnitude and in the axis of the internal
astigmatism as calculated with the adopted method.

Discussion

The purpose of this study was to evaluate if the
implant of 1.0 D Toric monofocal IOLs offered any
advantage or disadvantage over spherical IOLs in
eyes with preoperative topographic astigmatism < 1.0
D, which conventionally represent the target for
spherical IOL implants.

For the comparison, we arranged that the preoper-
ative topographic astigmatism was similar in the two
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1.0 D Toric IOL
Preoperative Corneal Astigmatism

45°

67.5°

90° 0,180°
112.5° 1573
Centroid: 0,09D @ 178° + 0,74D
Mean Absolute: 0,62D * 0,39D
B cCentroid O 95% confidence ellipse of the centroid
Spherical IOL
Preoperative Corneal Astigmatism
45°
67.5“_ | N\ 22.5°
90° 0,180°
112.5° ~157.5

Centroid: 0,07D @ 81° + 0,64D

Mean Absolute:  0,54D + 0,33D

b

M centroid O 95% confidence ellipse of the centroid

o 95% confidence ellipse of the dataset

1.0 D Toric IOL

Postoperative Refractive Astigmatism
45°

67.5° 1 N 22.57

90° 0,180°
1125° 1575°
135°
Centroid: 0,36D @ 12° + 0,56D —
Mean Absolute: ~ 0,58D * 0,31D -
O 95% confidence ellipse of the dataset Eachring= 0,50 D
Spherical IOL
Postoperative Refractive Astigmatism
45°
67.5°
90° 0,180°
11255° 1575°
135°
Centroid: 0,34D @ 13° + 0,75D N= 30
Mean Absolute: ~ 0,73D % 0,37D -

Eachring= 0,50 D

Fig.2 a and b Preoperative corneal astigmatism (left side) and postoperative refractive astigmatism at the spectacle plane (right

side) in the two groups (a: toric; b: spherical)

study groups and that the intraoperative and postop-
erative characteristics had an uneventful run. The low
and comparable data of SIA (as shown in Fig. 1) and
the unsignificant variation of the topographic astig-
matism between the pre- and postoperative evalua-
tion in both groups confirmed the respect of these

conditions. Given the loss of the influence of the
toricity of the natural lens after surgery, we consider
the PRA as the main functional outcome.

Although averagely higher in the S-group
(0.73+0.37 D vs 0.58+0.31 D in the T-group), PRA
was statistically comparable in the two groups. This
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Fig. 3 aand b Amounts of

preoperative astigmatism 12
(part a) and postoperative
refractive astigmatism (pat 10
b) in the two study groups
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astigmatism 2

Cornea

1.0DTORICIOL

lack of significance may rely on several factors: the
lower toricity of the 1.0 D toric IOLs at the spec-
tacle plane, the reduction of the corrective effect
induced by the intra- or postoperative misalignment
[16, 17], the potential effects of decentration and tilt
[18, 19] and the variations in the posterior corneal
astigmatism [20]. All these variables typically have
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little influence on the total refractive astigmatism in
pseudophakia, but they may become relevant when
the corneal contribution is very low [21-23]. Moreo-
ver, the total amount of the pseudophakic refractive
astigmatism cannot be explained by the sole refrac-
tive assessment of the anterior segment, even if it is
conducted in detail [24].
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Some outcomes were, however, in favour of the
use of the toric IOL.

1. The difference between the preoperative corneal
astigmatisms and the corresponding PRA was
only significant in the S-group; this difference
tested even more significant when considering
the 16 eyes in the S-group with the lowest pre-
operative corneal astigmatism (<0.5 D). The
finding may indicate that the compensative toric
component of the natural lens was not entirely
substituted by the spherical IOL. This also con-
sidering the low and comparable SIA and the sig-
nificant axis shift from the preoperative corneal
values to the postoperative refractive values in
the S-group.

2. The uncorrected distance visual acuity was sig-
nificantly better in the T-group; this evidence too
was possibly related to a better compensation of
the corneal astigmatism by the toric IOL. There
was no difference between the two groups for the
uncorrected near vision, meaning that although
the 1.0 toric implant did not improve uncorrected
near vision in our patients, nor it compromised it
in any case.

3. The number of eyes resulted with PRA <0.75 D
was significantly lower in the S-group.

In the literature, the correction of low corneal
astigmatism with toric IOLs is reported to provide
satisfactory results. Ernest and Potvin demonstrated
a better refractive outcome with the 1.5 D toric IOL
in eyes with 1.06 D of mean corneal astigmatism [4].
The mean PRA was 0.31 D in the toric group and
1.06 D in the spherical group (P<0.001). Buscacio
et al. studied 21 eyes with preoperative corneal astig-
matism of 1.06+0.27 D (range 0.75 D to 1.5 D) as
measured with the IOL Master 500 [25]. All the eyes
received a toric IOL. Six weeks after surgery, the
refractive cylinder was 0.34+0.39 D (range 0.00 to
1.00). This paper had no comparison group.

Few papers dealt with “very low” preoperative
astigmatism managed with toric IOLs. In the non-
comparative series of Aujila and co-workers, who
implanted monofocal Acrysof 1.0 D Toric IOLs in
88 eyes, the preoperative corneal astigmatism was
0.76+0.18 D and the PRA was 0.26+0.20 D [26].
Hao et al. studied two groups of 17 eyes implanted
with the spherical or with the 1.0 D toric ReSTOR

[27]. The postoperative refractive cylinder was
0.18+0.17 D (toric) and 0.91+0.25 D (spherical)
(P<0.001), but no comparison is available between
groups for the preoperative corneal cylinder. Orts-
Vila et al. reported about 26 eyes with preoperative
corneal astigmatism of 0.62+0.38 D (0.12 to 1.41),
implanted with 1.0 D toric trifocal IOL [28]. They
obtained a mean postoperative refractive cylinder of
0.16+0.22 D (0.00 to 0.50); this study also had no
comparison group.

As compared with our data, all mentioned series
found lower mean PRA after 1.0 D toric IOL implan-
tation. However, the present comparative study con-
firms the virtual possibility of implanting 1.0 D toric
IOLs in every eye undergoing cataract surgery.

The following limitations affect the design and the
conclusion of our series.

1. The number of eyes per group; although it was
in line with the sample size estimation, finer sta-
tistic differences may arise from a larger study
cohort.

2. The retrospective design brings with it unavoid-
able biases of cases’ selection, homogeneity, and
comparability.

3. The use of two different models of toric and
spherical IOLs and the use of a non-digital
method for toric IOLs alignment.

As for now we can conclude that the use of 1.0 D
toric IOLs in eyes with<1.0 D corneal astigmatism
produced slight advantages in terms of PRA and
uncorrected visual acuity without causing refractive
damage to the considered eyes.

Acknowledgements We want to thank Ms. Michelle Strauss
for her professional language revision.

Author contributions All authors contributed to the study
conception and design. Material preparation and data col-
lection were performed by Carlo Bellucci, Salvatore Antonio
Tedesco, Arturo Carta and Paolo Mora. Statistical analysis was
performed by Roberto Bellucci and Angela Panico. Stefano
Gandolfi, Angela Panico and Roberto Bellucci were major con-
tributors in writing and revising the manuscript. All authors
read and approved the final manuscript.

Funding Open access funding provided by Universita degli
Studi di Parma within the CRUI-CARE Agreement. The
authors declare that they have not received any funding for this
article.

@ Springer



1718

Int Ophthalmol (2023) 43:1711-1719

Data availability and materials All data and material are
available from the corresponding author.

Declarations

Competing interests
ests.

The authors declare no competing inter-

Conflict of interest The authors declare that they have no
conflict of interest.

Ethical approval and consent to participate All procedures
performed in studies involving human participants were in
accordance with the ethical standards of the ethics committee
of reference for University Hospital of Parma, Parma (IT), and
with the 1964 Helsinki declaration and its later amendments or
comparable ethical standards. The study protocol was approved
by the Ethics Committee protocol number #126/2022. Written
informed consent was obtained. This study was performed in
line with the principles of the Declaration of Helsinki. Approval
was granted by the Ethics Committee of Area Vasta Emilia
Nord, Parma (IT).

Consent for publication Not applicable.

Open Access This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Crea-
tive Commons licence, and indicate if changes were made. The
images or other third party material in this article are included
in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your
intended use is not permitted by statutory regulation or exceeds
the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit
http://creativecommons.org/licenses/by/4.0/.

References

1. Lane SS, Ernest P, Miller KM, Hileman KS, Harris B,
Waycaster CR (2009) Comparison of clinical and patient-
reported outcomes with bilateral AcrySof toric or spheri-
cal control intraocular lenses. J Refract Surg 25:899-901.
https://doi.org/10.3928/1081597X-20090617-05

2. Poyales F, Garzon N (2019) Comparison of 3-month vis-
ual outcomes of a spherical and a toric trifocal intraocular
lens. J Cataract Refract Surg 45:135-145. https://doi.org/
10.1016/j.jcrs.2018.09.025

3. Statham M, Apel A, Stephensen D (2009) Compari-
son of the AcrySof SA60 spherical intraocular lens and
the AcrySof Toric SN60T3 intraocular lens outcomes in
patients with low amounts of corneal astigmatism. Clin
Exp Ophthalmol 37:775-779. https://doi.org/10.1111/j.
1442-9071.2009.02154.x

@ Springer

11.

12.

13.

14.

15.

16.

18.

Ernest P, Potvin R (2011) Effects of preoperative cor-
neal astigmatism orientation on results with a low-cylin-
der-power toric intraocular lens. J Cataract Refract Surg
37:727-732. https://doi.org/10.1016/j.jcrs.2010.11.026
Rydstrom E, Westin O, Koskela T, Behndig A (2016)
Posterior corneal astigmatism in refractive lens exchange
surgery. Acta Ophthalmol 94:295-300. https://doi.org/10.
1111/20s.12965

Piao J, Joo CK (2020) Site of clear corneal incision in
cataract surgery and its effects on surgically induced
astigmatism. Sci Rep 10(1):3955. https://doi.org/10.1038/
s41598-020-60985-5

Barrett G: Universal II IOL power calculation formula.
www.apacrs.org. Accessed May 20, 2022

Kane JX, Van Heerden A, Atik A, Petsoglou C (2016)
Intraocular lens power formula accuracy: Comparison of
7 formulas. J Cataract Refract Surg 42:1490-1500. https://
doi.org/10.1016/j.jers.2016.07.021

Kane JX. IOL power calculation formula. www.iolfo
rmula.com. Accessed May 20, 2022

. Yang J, Wang X, Zhang H, Pang Y, Wei RH (2017)

Clinical evaluation of surgery-induced astigmatism in
cataract surgery using 2.2 mm or 1.8 mm clear corneal
micro-incisions. Int J Ophthalmol. 10(1):68-71. https://
doi.org/10.18240/ijo.2017.01.11

Hashemi H, Khabazkhoob M, Soroush S, Shariati R,
Miraftab M, Yekta A (2016) The location of incision in
cataract surgery and its impact on induced astigmatism.
Curr Opin Ophthalmol 27(1):58-64. https://doi.org/10.
1097/1CU.0000000000000223

Abulafia A, Koch DD, Holladay JT, Wang L, Hill WE
(2018) Editorial. pursuing perfection in IOL calcula-
tions IV: astigmatism analysis, sia and double angle
plots. J Cataract Refract Surg 44:1169-1174. https://doi.
org/10.1016/j.jcrs.2018.07.027

Neaser K (2021) Surgically induced astigmatism made
easy: calculating the surgically induced change in
sphere and cylinder for corneal incisional, corneal laser,
and intraocular lens—based surgery. J Cataract Refract
Surg 47:118-122. https://doi.org/10.1097/j.jcrs.00000
00000000518

Katz T, Steinberg J, Druchkiv V, Linke SJ, Frings A
(2017) Ocular residual astigmatism (ORA) in pre-cat-
aract eyes prior to and after refractive lens exchange.
Int Ophthalmol 37:859-865. https://doi.org/10.1007/
$10792-016-0332-2

Alpins NA (2001) Astigmatism analysis by the Alpins
method. J Cataract Refract Surg 27:31-49. https://doi.
org/10.1016/s0886-3350(00)00798-7

Visser N, Bauer NJ, Nuijts RM (2013) Toric intraocular
lenses: historical overview, patient selection, IOL calcu-
lation, surgical techniques, clinical outcomes, and com-
plications. J Cataract Refract Surg 39:624-637. https://
doi.org/10.1016/j.jcrs.2013.02.020

. Kaur M, Shaikh F, Falera R, Titiyal JS (2017) Opti-

mizing outcomes with toric intraocular lenses. Indian J
Ophthalmol 65:1301-1313. https://doi.org/10.4103/ijo.
1JO_810_17

Lawu T, Mukai K, Matsushima H, Senoo T (2019)
Effects of decentration and tilt on the optical perfor-
mance of 6 aspherical intraocular lens designs in a


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3928/1081597X-20090617-05
https://doi.org/10.1016/j.jcrs.2018.09.025
https://doi.org/10.1016/j.jcrs.2018.09.025
https://doi.org/10.1111/j.1442-9071.2009.02154.x
https://doi.org/10.1111/j.1442-9071.2009.02154.x
https://doi.org/10.1016/j.jcrs.2010.11.026
https://doi.org/10.1111/aos.12965
https://doi.org/10.1111/aos.12965
https://doi.org/10.1038/s41598-020-60985-5
https://doi.org/10.1038/s41598-020-60985-5
http://www.apacrs.org
https://doi.org/10.1016/j.jcrs.2016.07.021
https://doi.org/10.1016/j.jcrs.2016.07.021
http://www.iolformula.com
http://www.iolformula.com
https://doi.org/10.18240/ijo.2017.01.11
https://doi.org/10.18240/ijo.2017.01.11
https://doi.org/10.1097/ICU.0000000000000223
https://doi.org/10.1097/ICU.0000000000000223
https://doi.org/10.1016/j.jcrs.2018.07.027
https://doi.org/10.1016/j.jcrs.2018.07.027
https://doi.org/10.1097/j.jcrs.0000000000000518
https://doi.org/10.1097/j.jcrs.0000000000000518
https://doi.org/10.1007/s10792-016-0332-2
https://doi.org/10.1007/s10792-016-0332-2
https://doi.org/10.1016/s0886-3350(00)00798-7
https://doi.org/10.1016/s0886-3350(00)00798-7
https://doi.org/10.1016/j.jcrs.2013.02.020
https://doi.org/10.1016/j.jcrs.2013.02.020
https://doi.org/10.4103/ijo.IJO_810_17
https://doi.org/10.4103/ijo.IJO_810_17

Int Ophthalmol (2023) 43:1711-1719

1719

19.

20.

21.

22.

23.

24.

model eye. J Cataract Refract Surg 45:662-668. https://
doi.org/10.1016/j.jcrs.2018.10.049

Langenbucher A, Omidi P, Eppig T, Szentmary N,
Menapace R, Hoffmann P (2020) Kombination aus
Dezentrierung und Verkippung der Linse im phaken und
pseudophaken Auge—optische Simulation von Defokus,
Astigmatismus und Coma [Combination of lens decen-
tration and tilt in phakic and pseudophakic eyes-Optical
simulation of defocus, astigmatism and coma]. Ophthal-
mologe. https://doi.org/10.1007/s00347-020-01235-x
Sano M, Hiraoka T, Ueno Y, Itagaki H, Ogami T,
Oshika T (2016) Influence of posterior corneal astig-
matism on postoperative refractive astigmatism in pseu-
dophakic eyes after cataract surgery. BMC Ophthalmol
16(1):212. https://doi.org/10.1186/s12886-016-0391-1
Tejedor J, Guirao A (2013) Agreement between refrac-
tive and corneal astigmatism in pseudophakic eyes.
Cornea 32:783-790. https://doi.org/10.1097/1C0O.0b013
e31826dd44b

Bregnhgj JF, Mataji P, Naeser K (2015) Refractive, ante-
rior corneal and internal astigmatism in the pseudophakic
eye. Acta Ophthalmol 93:33—40. https://doi.org/10.1111/
a0s.12418

Feizi S, Delfazayebaher S, Javadi MA (2018) Agreement
between internal astigmatism and posterior corneal astig-
matism in pseudophakic eyes. J Refract Surg 34:379-386.
https://doi.org/10.3928/1081597X-20180425-01

Kansara N, Cui D, Banarjee K, Landis Z, Scott IU, Panta-
nelli SM (2021) Anterior, posterior, and non keratometric

25.

26.

217.

28.

contributions to refractive astigmatism in pseudophakes. J
Cataract Refract Surg 47:93-99. https://doi.org/10.1097/j.
jers.0000000000000390

Buscacio ES, Patrdo LF, de Moraes HV Jr. (2016) Refrac-
tive and quality of vision outcomes with toric IOL implan-
tation in low astigmatism. J Ophthalmol 2016:5424713.
https://doi.org/10.1155/2016/5424713

Aujla JS, Vincent SJ, White S, Panchapakesan J (2014)
Cataract surgery in eyes with low corneal astigmatism:
implantation of the acrysof 1Q toric SN6AT2 intraocular
lens. J Ophthalmic Vis Res 9:324-328. https://doi.org/10.
4103/2008-322X.143369

Hao J, Tan LZ, Li L, Bu SC, Ren XIJ, Tian F, Zhang H
(2019) Comparison of visual quality in cataract patients
with low astigmatism after ART2 or ReSTOR intraocular
lens implantation. Int J Ophthalmol 12:424-428. https://
doi.org/10.18240/ij0.2019.03.12

Orts-Vila P, Aguilar-Cércoles S, Tello-Elordi C, Ramos-
Alzamora M, Montés-Micé R, Taia-Rivero P (2020)
Trifocal toric intraocular lenses in eyes with low amount
of corneal astigmatism. Int J Ophthalmol 13:1567-1573.
https://doi.org/10.18240/ij0.2020.10.09

Publisher’s Note Springer Nature remains neutral with regard
to jurisdictional claims in published maps and institutional
affiliations.

@ Springer


https://doi.org/10.1016/j.jcrs.2018.10.049
https://doi.org/10.1016/j.jcrs.2018.10.049
https://doi.org/10.1007/s00347-020-01235-x
https://doi.org/10.1186/s12886-016-0391-1
https://doi.org/10.1097/ICO.0b013e31826dd44b
https://doi.org/10.1097/ICO.0b013e31826dd44b
https://doi.org/10.1111/aos.12418
https://doi.org/10.1111/aos.12418
https://doi.org/10.3928/1081597X-20180425-01
https://doi.org/10.1097/j.jcrs.0000000000000390
https://doi.org/10.1097/j.jcrs.0000000000000390
https://doi.org/10.1155/2016/5424713
https://doi.org/10.4103/2008-322X.143369
https://doi.org/10.4103/2008-322X.143369
https://doi.org/10.18240/ijo.2019.03.12
https://doi.org/10.18240/ijo.2019.03.12
https://doi.org/10.18240/ijo.2020.10.09

	One-dioptre toric IOL versus spherical IOL in eyes with low preoperative corneal astigmatism
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Statistical analysis

	Results
	Discussion
	Acknowledgements 
	References




