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Toric intraocular lens implantation vs
femtosecond laser–assisted arcuate

keratotomy for correction of moderate
astigmatism in cataract surgery

Ruben Hernandez, MSc, Cristina Almenara, MD, PhD, Diana Soriano, MSc, Miriam Idoipe, MD, PhD,
Jose M. Larrosa, MD, PhD, Luis E. Pablo, MD, PhD, Elena Garcia-Martin, MD, PhD

Purpose: To compare toric intraocular lens (TIOL) implantation
and femtosecond laser–assisted arcuate keratotomy (FSAK)
during phacoemulsification surgery in correction of moderate
astigmatism.

Setting: Clinical research study.

Design: Prospective randomized comparison study.

Methods: Patients with age-related cataract and moderate
preoperative corneal astigmatism of 1.25 to 3.0 diopters (D)
were randomized into a TIOL implantation group and an FSAK
group with symmetrical paired corneal arcuate keratotomies.
The preoperative evaluation included corrected distance visual
acuity (CDVA), corneal topography, autokeratometry, and
ocular biometry. Postoperative examinations were performed
at 1 month and 3 months and included CDVA and uncorrected
distance visual acuity, manifest refraction, autokeratometry,

and corneal topography. Vector analysis of astigmatic changes
was performed using the Alpins vector method.

Results: This study comprised 75 eyes from 67 patients. Themean
residual refractive astigmatism at 3 months was �0.63 ± 0.55 D in
the TIOL group and�0.90 ± 0.53 D in the FSAKgroup (P = .037) and
was ≤1.00D in 32 eyes (84%) and 25 eyes (64%), respectively. There
were no statistically significant differences between the 2 groups in
difference vector, angle of error, magnitude error, or correction index
in the 3-month follow-up. The index of success was 0.32 ± 0.33 D in
the TIOL group and 0.48 ± 0.29 D in the FSAK group (P = .029).

Conclusions: TIOL implantation showed better results in cor-
recting moderate astigmatism. Despite this, FSAK is shown to be a
safe technique for reducing astigmatism.
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The growing prospects of visual recovery and at-
tainment of emmetropia in patients who have had
cataract surgery are setting new postsurgery re-

fraction benchmarks.
One of the main obstacles preventing a considerable

improvement in uncorrected distance visual acuity (UDVA)
is the presence of astigmatism postoperatively. An un-
corrected astigmatism of 1.00 diopters (D) can decrease
visual acuity (VA) by up to 1.5 lines of vision, causing a
reduction in visual function.1 It is estimated that the in-
cidence of corneal astigmatism greater than 1.00 D stands at
35% in patients with cataracts, with 20% of patients having
corneal astigmatisms exceeding 1.50 D.2 In fact, the EUR-
EQUO database shows that more than 30% of pseudophakic
patients presented residual astigmatism greater than 1.00 D.3

Various strategies have been developed to correct pre-
operative corneal astigmatism: toric intraocular lens
(TIOL) implantation, limbal/corneal relaxing incisions,
opposite clear corneal incisions, arcuate keratotomy (AK),
and excimer laser treatment.4–7 Of them, TIOL implan-
tation has been the procedure of choice because of its
greater predictability (mild residual astigmatism) and safety
compared with other treatments, such as nontoric IOL
implantation with relaxing or arcuate incisions, and be-
cause it offers greater independence from spectacles and
greater patient satisfaction, thanks to a substantial im-
provement in VA at different levels of contrast and at both
far and near distances.4,8,9 However, TIOLs may present an
increased risk for misalignment and may be contraindicated
in cases of small pupils, pseudoexfoliation, and phacodonesis.
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The emergence of femtosecond laser–assisted cataract
surgery makes it possible to create not only more precise
capsulotomies that could improve refractive results but also
high-precision penetrations or intrastromal corneal incisions
because of greater control of incision depth, size, and centering.
As demonstrated in several studies, femtosecond laser–assisted
arcuate keratotomy (FSAK) provides a highly effective and safe
way of reducing mild-to-moderate astigmatism when com-
pared with manual incisions andmaintains correction stability
over time.10–14 Various studies have modified the nomograms
for manual limbal relaxing incisions (Donnenfeld, Wallace,
Nichamin) to apply them in FSAK, obtaining a significant
decrease in preoperative astigmatism, the reduction being
greater with open penetrating incisions than with intrastromal
incisions.12–18

Exhaustive bibliographic review indicates that there are
only 2 relevant studies that compare the reduction in
astigmatism in patients treated with FSAK vs conventional
phacoemulsification with TIOL implantation.19,20 Both are
retrospective studies, and the penetrating AK incisions
were not opened. In our experience, the corrective effect of
FSAKs on astigmatism is greater if they are opened.
The aim of this paper was to compare the correction of

regular corneal astigmatism moderated using these 2
techniques.

METHODS
This prospective randomized and nonmasked comparison study
was performed at the High-Definition Cataract Surgery Unit
(ARCCA) of the Nuestra Señora de Gracia Hospital (Zaragoza,
Spain). Inclusion criteria were patients aged between 60 and 80
years who had received age-related cataract surgery (≥3 according
to the Lens Opacities Classification System III) and who presented
regular bowtie moderate preoperative corneal astigmatism (1.25-
3.0 D). Exclusion criteria were amblyopia, corneal ectasia topo-
graphic features, ocular disorders such as corneal scars, previous
ophthalmological treatment, systemic diseases such as diabetes,
small palpebral fissures, small/insufficiently dilating pupils, and
intraoperative or postoperative complications. This study was
approved by the Clinical Research Ethics Committee of Aragon
and adhered to the tenets of the Declaration of Helsinki. Written
informed consent was obtained from all patients.
This study comprised 75 eyes from 67 patients who underwent

cataract surgery between January 1, 2019, and December 31, 2020.
All patients were randomized into 2 groups: 37 eyes received
femtosecond laser–assisted phacoemulsification and FSAK; 38
eyes were enrolled in the TIOL group.
The preoperative evaluation included corrected distance visual

acuity (CDVA), measured using ETDRS charts (Precision Vision)
adjusted to a 4 m distance under mesopic illumination (84 cd/m2),
anterior and posterior segment examination, corneal topography
using the Pentacam HR (Oculus Optikgeräte GmbH), auto-
keratometry using the KR-8900 (Topcon Medical Systems, Inc.),
and ocular biometry measured with the IOLMaster 700 (Carl Zeiss
Meditec AG).
Postoperative examinations were performed at 1 month and

3 months after IOL implantation and included mesopic UDVA
and CDVA using ETDRS charts, subjective manifest refraction,
autokeratometry, and corneal topography with the Pentacam.
Based on a preliminary study conducted by the authors, the

sample size needed to detect differences of at least 0.25 D of re-
fractive astigmatism was calculated, applying a bilateral test with an
a risk of 5% and b risk of 10% (ie, with a power of 90%). From these
data, it was concluded that at least 61 eyes would be necessary.

Surgical Technique
The phacoemulsification procedure was performed by the same
surgeon using topical anesthesia (proparacaine hydrochloride
0.5%). All patients were marked on the horizontal 0- to 180-
degree axis while sitting at the slitlamp preoperatively to avoid
cyclotorsion errors. A self-sealing 2.75 mm temporal main in-
cision and a 1.5 mm side port were made with diamond kera-
tomes in all cases.
In the FSAK group, the phacoemulsification and femtosecond

laser platforms used were the Stellaris PC (Bausch & Lomb GmbH)
and Technolas Victus SW V3.3 (Bausch & Lomb GmbH), re-
spectively. After manually aligning the horizontal marks with the
suction ring, anterior capsulotomy (size 5.5 mm) and lens frag-
mentation into 4 radial cuts (cake pattern) were performed with a
femtosecond laser, and then, FSAK was performed. Symmetrical
paired corneal arcuate keratotomies were programmed in an
8.5 mm diameter optical zone, with 80% depth corneal local pa-
chymetry guided by optical coherence tomography. FSAK was
located at the steeper corneal meridian and was determined by
limbal centering. The arc length of the arcuate incisions was
planned using the nomogram created by Wendelstein et al., who
modified Oshika nomogram based on age.16 The FSAK parameters
were laser pulse energy 1.7 µJ, spot spacing 5 µJ, and line spacing
2 µJ, and the side cut was set at 90 degrees. After femtosecond
laser–assisted cataract surgery, a foldable aspheric nontoric IOL was
implanted (Eye-CEEOne, Bausch& LombGmbH) with a refractive
target of emmetropia to �0.25 in all cases.
At the end of surgery, all corneal arcuate incisions were opened.

No adverse events were reported.
The TIOL group underwent conventional phacoemulsification

cataract extraction using the Whitestar Signature (Abbott Medical
Optics, Inc.) platform and subsequent foldable aspheric TIOL
implantation (Tecnis Toric ZCT, Abbott Medical Optics, Inc.).
Appropriate TIOL power and axis position were calculated with

a toric calculator (Tecnis Toric Calculator, Abbott Medical Optics,
Inc.). Typical surgically induced astigmatism (SIA) of 0.25 D was
included in the TIOL calculations. The cylindrical power of the
toric intraocular lens was selected to estimate a residual astig-
matism close to zero. Before IOL implantation, additional marks
were made on the patients’ limbus using the Mendez marker to
place the TIOL in the position indicated by the Tecnis Toric
Calculator.
Once the TIOL was implanted in the capsular bag, the IOL was

rotated clockwise to approximately 15 degrees short of the desired
position. The residual ophthalmic viscosurgical device was re-
moved, and the IOL was rotated clockwise again to align it more
precisely with the intended axis.

Statistical Analysis
Refractive astigmatic changes were evaluated using the Alpins
vector method in the ASSORT software (v. 5.64, Assort Pty Ltd.).
Statistical analysis was performed using the SPSS 20.0 for Win-
dows software (SPSS, Inc.). First, variable normality was checked
using the Kolmogorov test. Comparisons between groups were
performed using independent t tests. A P value of less than 0.05
was considered statistically significant. The Bonferroni adjustment
was used to adjust the probability of the P value in statistical tests
of multiple comparisons, dividing the usual significance level (of
0.05) by the total number of comparisons made.

RESULTS
In this study, 75 eyes were recruited from 67 patients: 38 eyes
in the TIOL group and 37 eyes in the FSAK group. All patients
were monitored for 3 months. In the TIOL group, 24 eyes
(63%) showed with-the-rule (WTR) corneal astigmatism, and
14 eyes (37%) had against-the-rule (ATR) astigmatism. In the
FSAK group, WTR astigmatism was found in 21 eyes (57%),
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ATR astigmatism in 13 eyes (35%), and oblique astigmatism
in 3 eyes (8%). None of the patients in either group dropped
out of the study.
There were no statistically significant differences in the

preoperative characteristics of the sample between the
group of eyes implanted with TIOLs and the group of eyes
that received FSAK, both groups being comparable across
all parameters. The baseline parameters of the groups are
tabulated in Table 1.

Visual Acuity
Although there was no criterion to exclude eyes with
CDVA below 20/40, all eyes had CDVA of 20/40 or greater
at 3 months postoperatively. The scores ranged from 20/40
(0.3 logMAR) to 20/15 (�0.12 logMAR).
There were no statistically significant differences between

the 2 groups in UDVA or CDVA at 1 month or 3 months
postoperatively (Table 2). VA was slightly greater in the
group implanted with TIOLs at both 1 and 3 months
postoperatively, with UDVA after 3 months being 0.10 ±
0.09 logMAR in the TIOL group and 0.16 ± 0.12 in the
FSAK group.

Refraction and Residual Astigmatism
The residual refractive astigmatism values in the 2 groups
did not show any statistically significant differences at
either 1 month or 3 months postoperatively (Table 2).
Three months postoperatively, the TIOL group maintained
residual refractive astigmatism of ≤0.50 D in 21 eyes (55%)
and of ≤1.00 D in 32 eyes (84%). In the FSAK group, these
values were 14 eyes (38%) and 25 eyes (68%), respectively
(Figure 1). The mean residual refractive cylinder in WTR
astigmatisms was �0.68 ± 0.58 D in the TIOL group
and �0.69 ± 0.41 D in the FSAK group. There were no
statistically significant differences. The ATR astigmatisms
showed a mean residual cylinder of �0.55 ± 0.50 D in the
TIOL group and of�1.23 ± 0.59 D in the FSAK group, with
statistically significant differences between them (P = .038).
The spherical equivalent (SEQ) values were closer to

emmetropia in the TIOL group (�0.20 ± 0.38 D) than those
in the FSAK group (�0.54 ± 0.55 D) at 3 months post-
operatively, showing statistically significant differences
(P = .003) (Table 2). All eyes in the TIOL group maintained
a SEQ of ±1 D at 3 months postoperatively.

Keratometry
The postoperative reduction in keratometric astigmatism,
at both the anterior and total surface level, was statistically
significant in the FSAK group when compared with that in
the TIOL group (P < .001), in which it remained unchanged
(Table 3). In the FSAK group, mean WTR and ATR
keratometric astigmatism were 0.88 ± 0.29 D and 0.92 ±
0.49 D, respectively. The mean total corneal astigmatism
was 0.83 ± 0.43 D in WTR astigmatisms and 1.23 ± 0.52 D
in ATR astigmatisms. There were no statistically significant
differences between them at 3 months postoperatively.
There were no statistically significant differences in mean

anterior keratometry (simulated keratometry [SimK]) or
total mean power (total corneal refractive power [TCRP])
between the 2 groups during postoperative follow-up
(Table 2). Neither were there statistically significant dif-
ferences in the changes produced in SimK and TCRP in
both groups in the preoperative period (Table 3).

Vector Analysis
Table 4 summarizes the results of vector analysis of the
astigmatic refractive correction performed in the 2 groups
using the Alpins method. The mean target-induced astig-
matism (TIA) and SIA values were higher in the TIOL group
than that in the FSAK group (2.12 ± 0.34 D vs 1.88 ± 0.33 D
and 2.26 ± 0.58 vs 1.78 ± 0.60 D, respectively), presenting
statistically significant differences between the 2 groups and
even fulfilling the Bonferroni adjustment criterion in the case
of SIA.
There were no statistically significant differences in

difference vector (DV), angle of error, or magnitude error
between the 2 groups at 3 months postoperatively.
The correction index, represented as the ratio between

SIA and TIA, with an optimal value of 1.0, showed hy-
percorrection of refractive astigmatism in the TIOL group
and hypo correction in the FSAK group, presenting sta-
tistically significant differences at 1 month (P = .013) but
not at 3 months (P = .068) postoperatively.
The index of success, calculated as the ratio between the

DV and TIA and indicates a better result the closer it is to 0,
presented statistically significant differences between the 2
groups at both 1 month (P = .022) and 3 months (P = .029)
postoperatively; its mean value was closer to 0 in the group
implanted with TIOLs.

Table 1. Comparison of Baseline Parameters Between the TIOL and FSAK Groups.

Parameter TIOL (n = 38), mean ± SD FSAK (n = 37), mean ± SD P Value

Age (y) 70.42 ± 8.26 73.08 ± 6.56 .128

UDVA 0.50 ± 0.18 0.55 ± 0.11 .191

CDVA (logMAR) 0.38 ± 0.21 0.44 ± 0.14 .111

Keratometric astigmatism (D) 2.12 ± 0.34 1.98 ± 0.35 .087

SimK (D) 44.80 ± 2.05 44.31 ± 1.55 .247

TCA (D) 2.16 ± 0.39 1.96 ± 0.55 .081

TCRP (D) 44.73 ± 2.07 44.39 ± 1.67 .431

FSAK = femtosecond laser–assisted arcuate keratotomy; SimK = simulated keratometry; TCA = total corneal astigmatism; TCRP = total corneal refractive
power; TIOL = toric intraocular lens
*Bonferroni adjustment criterion P ≤ .007
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Complications
There were no intraoperative or postoperative complica-
tions in any of the procedures.

DISCUSSION
Recent meta-analyses indicate that TIOL implantation is the
procedure of choice because of its greater predictability (mild
residual astigmatism) and safety when compared with other

treatments such as nontoric IOL implantation with manual
relaxing or arcuate incisions.8,21,22 Good results in correction of
astigmatism after cataract surgery have also been reported after
the development of new nomograms used in FSAK because of
the latter’s greater precision and fewer complications when
compared with manual arcuate keratotomy.12,14–16

Although TIOL implantation corrects a wide range of
astigmatisms, treating moderate astigmatism with FSAK
merits further investigation as a possible alternative, par-
ticularly since very few articles compared the 2 tech-
niques.19,20,23 In this study, good UDVA and CDVA results
were obtained with both procedures. Similarly, both ach-
ieved a clinically significant reduction in refractive astig-
matism when compared with the preoperative corneal
astigmatism. However, at 3 months postoperatively, UDVA
was significantly higher in the TIOL group because of better
correction of refractive astigmatism and obtained a SEQ
closer to emmetropia than the FSAK group, where it was
more negative (�0.54 ± 0.55 D). This myopization of the
SEQ in both groups is explained by hypocorrection of the
refractive astigmatism and by selection in the surgical plan
of the IOL power predicted by the first negative SEQ value.
The mean anterior keratometry (SimK) and total mean

power (TCRP) remained stable postoperatively, although the
FSAK group showed a slight decrease in corneal power that did
not amount to a clinically significant difference and did not
affect the SEQ. These results match the conclusions of the
clinical trial conducted by Faktorovich et al. in which astigmatic
keratotomy had a minimal effect on the postoperative SEQ.24

Table 2. Comparison of Astigmatism, Visual Acuity, and Refraction Over Time Between Groups.

Parameter TIOL, mean ± SD FSAK, mean ± SD P Value

UDVA (logMAR)

1 mo postop 0.12 ± 0.09 0.15 ± 0.11 .175

3 mo postop 0.10 ± 0.09 0.16 ± 0.12 .031

CDVA (logMAR)

1 mo postop 0.04 ± 0,08 0.04 ± 0.09 .994

3 mo postop 0.02 ± 0,06 0.03 ± 0.08 .498

SEQ (D)

1 mo postop �0.26 ± 0.39 �0.48 ± 0.58 .064

3 mo postop �0.20 ± 0.38 �0.54 ± 0.55 .003

Refractive astigmatism (D)

1 mo postop �0.68 ± 0.59 �0.96 ± 0.58 .045

3 mo postop �0.63 ± 0.55 �0.90 ± 0.53 .037

Keratometric astigmatism (D)

1 mo postop 2.25 ± 0.55 0.95 ± 0.53 <.001*

3 mo postop 2.14 ± 0.47 0.89 ± 0.37 <.001*

SimK (D)

1 mo postop 44.75 ± 2.00 44.27 ± 1.57 .255

3 mo postop 44.78 ± 2.04 44.23 ± 1.50 .204

TCA (D)

1 mo postop 2.34 ± 0.64 1.15 ± 0.57 <.001*

3 mo postop 2.24 ± 0,53 0.56 ± 0.50 <.001*

TCRP (D)

1 mo postop 44.74 ± 2.07 44.42 ± 1.59 .455

3 mo postop 44.74 ± 2.13 44.21 ± 1.57 .167

FSAK = femtosecond laser–assisted arcuate keratotomy; SEQ = spherical equivalent; SimK = simulated keratometry; TCA = total corneal astigmatism; TCRP
= total corneal refractive power; TIOL = toric intraocular lens
*Bonferroni adjustment criterion P ≤ .003

Figure 1. Percentage of eyes with postoperative residual refractive
astigmatism. FSAK = femtosecond laser–assisted arcuate kera-
totomy; TIOL = toric intraocular lens
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The reduction in preoperative corneal astigmatism in the
FSAK group, although significant, was far smaller than either
the target set or the TIA (0.89 ± 0.37 D vs TIA of 1.88 ± 0.33
D) and was less than that obtained byWendelstein et al. with
the same nomogram.16 This difference can be explained by
the higher degree of preoperative corneal astigmatism in the
sample included in our study (1.98 ± 0.35 D) when com-
pared with the study by Wendelstein et al. (1.45 ± 0.34 D),
resulting in arcuate incisions of greater arcuate length that
would take longer to heal and produce less predictable re-
sults. Several studies of eyes treated with FSAK also show
slight hypocorrections of preoperative keratometric astig-
matism when the TIA is greater than 1 D.12,20,25,26 In all of

them, preoperative corneal astigmatism did not exceed 1.45
D, which was lower than that in the sample in our study.
Effectiveness in correcting astigmatism was higher in the

TIOL group than that in the FSAK group (Figure 2). Two
previous studies, with sample sizes smaller than ours,
compared the effectiveness of both techniques in correcting
astigmatism.19,20 As in our study, Yoo et al. did not find
statistically significant differences in VA or cylindrical
correction between the 2 groups.20 However, these authors
started from a preoperative corneal astigmatism lower than
that presented in our study, both in the FSAK group (1.31 ±
0.13 D vs 1.98 ± 0.35 D) and in the TIOL group (1.41 ± 0.12
D vs 2.12 ± 0.34 D). By contrast, Noh et al. reported

Table 3. One-Month and 3-Month Postoperative Vs Preoperative Corneal Power and Astigmatic Changes: Comparison
Between Groups.

Parameters TIOL, mean ± SD FSAK, mean ± SD P Value

Keratometric astigmatism (D)

1 mo postop vs Preop 0.12 ± 0.49 �1.02 ± 0.62 <.001*

3 mo postop vs Preop 0.02 ± 0.35 �1.09 ± 0.41 <.001*

SimK (D)

1 mo postop vs preop �0.04 ± 0.33 �0.10 ± 0.30 .462

3 mo postop vs preop 0.01 ± 0.19 �0.04 ± 0.26 .288

TCA (D)

1 mo postop vs preop 0.17 ± 0.60 �0.76 ± 0.58 <.001*

3 mo postop vs preop 0.09 ± 0.44 �1.01 ± 0.65 <.001*

TCRP (D)

1 mo postop vs preop 0.01 ± 0.22 �0.03 ± 0.94 .778

3 mo postop vs preop 0.07 ± 0.26 �0.12 ± 0.39 .012

FSAK = femtosecond laser–assisted arcuate keratotomy; SimK = simulated keratometry; TCA = total corneal astigmatism; TCRP = total corneal refractive
power; TIOL = toric intraocular lens
*Bonferroni adjustment criterion P ≤ .002

Table 4. Vector Analysis Summary.

Surgically induced refractive

correction TIOL, mean ± SD FSAK, mean ± SD P Value

TIA (D) 2.12 ± 0.34 1.88 ± 0.33 .003

SIA

1 mo postop 2.30 ± 0.63 1.71 ± 0.58 <.001*

3 mo postop 2.26 ± 0.58 1.78 ± 0.60 .001*

DV (D)

1 mo postop 0.78 ± 0.86 0.97 ± 0.60 .269

3 mo postop 0.72 ± 0.83 0.92 ± 0.55 .228

AoE (degrees)

1 mo postop 7.76 ± 12.41 12.77 ± 9.62 .060

3 mo postop 7.57 ± 12.55 11.37 ± 9.19 .140

ME (D)

1 mo postop 0.17 ± 0.51 �0.14 ± 0.55 .011

3 mo postop 0.13 ± 0.47 �0.04 ± 0.59 .146

CI

1 mo postop 1.08 ± 0,22 0.92 ± 0.28 .013

3 mo postop 1.06 ± 0.21 0.95 ± 0.30 .068

IS

1 mo postop 0.34 ± 0,33 0.52 ± 0.30 .022

3 mo postop 0.32 ± 0.33 0.48 ± 0.29 .029

AE = angle of error; CI = correction index; DV = difference vector; FSAK = femtosecond laser–assisted arcuate keratotomy; IS = index of success; ME =
magnitude error; SIA = surgically induced astigmatism; TIA = target induced astigmatism; TIOL = toric intraocular lens
*Bonferroni adjustment criterion P ≤ .003
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statistically significant differences in residual refractive
cylinder between both groups at 3 months post-
operatively.19 These authors obtained SIA in their FSAK
group with astigmatisms greater than 1.50 D, much lower
than their TIA (1.09 ± 0.60 vs 2.01 ± 0.64), whereas, in this
study, the SIA of the FSAK group (1.78 ± 0.60) was similar
to the TIA (1.88 ± 0.33). Taking into account that the AK
incisions made by Noh et al. were not opened, this would
explain the greater effect on the SIA of our AK incisions,
although there would also be a decrease in the effectiveness
of the SIA due to the more extensive healing process.
One possible bias in the results of the residual refractive

cylinder would be that there are only steps from 0.50 D to
0.75 D in the cylindrical power of the TIOL, while the
FSAKs are based on a linearly scalable nomogram.
TheAlpinsmethod can be used to analyze the results of both

astigmatic corneal and refractive correction using vector
analysis.27,28 In this study, only the results of the vector analysis
performed on astigmatic refractive correction were examined.
This analysis showed statistically significant differences in the
magnitude of the SIA between the 2 groups, with hypo-
correction being observed in the FSAK group (SIA < TIA) and
hypercorrection being observed in the TIOL group (SIA >
TIA). These findings are corroborated by the values of the
correction index at 3months, with these being less than 1 in the
FSAK group (0.95 ± 0.30) and greater than 1 in the TIOL
group (1.06 ± 0.21). These results are similar to those obtained
byWang et al. in eyes treated with FSAK and to those obtained
by Krall et al. in eyes implanted with TIOLs.12,29 The index of
success gives an astigmatic refractive correction result closer to
optimal in eyes with TIOL implantation. This could be due to

the greater angle of error in the FSAK group (11.37 ± 9.19
degrees) coupled with a higher DV (0.92 ± 0.55 D), which
would reduce the effectiveness of the SIA.
Considering the different types of astigmatism in the initial

sample, the ATR astigmatism in the FSAK group presented a
higher residual refractive cylinder. This tendency to under-
correction in ATR astigmatism in the FSAK group can be
explained by the greater influence of the posterior corneal
surface, which would be in agreement with the study by Koch
et al.30 By contrast, the ATR astigmatism in the TIOL group
presented the lowest residual refractive cylinder because of the
greater effect of the SIA in this group, generating an inversion
of the axis in both theWTR and ATR astigmatisms (Table 4).
The use of femtosecond laser technology in cataract

surgery has the possibility of making more precise arcuate
incisions as it enables control of parameters such as cutting
depth, arc length, and optical area diameter, which are
influenced by the human factor in manual techniques.
Nevertheless, this article demonstrated that TIOL implan-
tation remain a superior choice for correcting moderate
astigmatisms because of their stability over time, producing
results that are more predictable and less influenced by the
biomechanical characteristics of the cornea and its healing.
Ongoing advances in femtosecond laser–assisted cataract

surgery, together with the creation and optimization of
specific nomograms for this technique, will minimize the
uncertainty that incisional surgery to correct astigmatism
currently entails.
This study’s limitations are its small sample size and short

follow-up period. Based on the results published, correction
of astigmatism by AK is proposed as a robust alternative to
TIOL implantation in cases of mild-to-moderate astigma-
tism. In some cases, both eyes of the same patient were used,
so some bias may exist to the extent that genetic and envi-
ronmental conditions could produce relationships between 2
eyes of the same patient. However, this situation only oc-
curred in 8 of 75 eyes, so we consider the potential bias to be
minimal. It would be beneficial for future studies to analyze
long-term stability in corneal and refractive astigmatism and
to recruit a larger sample that wouldmake it possible to create
subdivisions based on the different types of astigmatism
(WTR, ATR, and oblique) to understand the effects of
femtosecond laser–assisted arcuate incisions in each case.

WHAT WAS KNOWN
� New nomograms applied to femtosecond laser–assisted

arcuate keratotomy (FSAK) to reduce mild-to-moderate
astigmatism after cataract surgery have had similar suc-
cess to toric intraocular lens (TIOL) implantation.

� There are limited published data comparing the outcomes of
the 2 techniques for reducing corneal astigmatism.

WHAT THIS PAPER ADDS
� TIOL implantation continues to be the procedure of choice to

correct moderate astigmatism after cataract surgery.
� Despite not being as predictable as TIOL implantation, FSAK

is a safe technique that should be taken into account in
correction of corneal astigmatism.

Figure 2. Distribution of preoperative corneal astigmatism and
postoperative refractive astigmatism (spectacle plane) in both
groups. FSAK = femtosecond laser–assisted arcuate keratotomy;
TIOL = toric intraocular lens
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JM, Cerviño A. Prevalence of corneal astigmatism before cataract surgery.
J Cataract Refract Surg 2009;35:70–75

3. Lundström M, Dickman M, Henry Y, Manning S, Rosen P, Tassignon MJ,
Young D, Stenevi U. Risk factors for refractive error after cataract surgery:
analysis of 282811 cataract extractions reported to the European Registry
of Quality Outcomes for cataract and refractive surgery. J Cataract Refract
Surg 2018;44:447–452

4. Kessel L, Andresen J, Tendal B, Erngaard D, Flesner P, Hjortdal J. Toric
intraocular lenses in the correction of astigmatism during cataract
surgery: a systematic review and meta-analysis. Ophthalmology
2016;123:275–286

5. Carvalho MJ, Suzuki SH, Freitas LL, Branco BC, Schor P, Lima AL. Limbal
relaxing incisions to correct corneal astigmatism during phacoemulsifica-
tion. J Cataract Refract Surg 2007;23:499–504

6. Lever J, Dahan E. Opposite clear corneal incisions to correct pre-existing
astigmatism in cataract surgery. J Cataract Refract Surg 2000;26:803–805

7. Titiyal JS, Baidya KP, Sinha R, Ray M, Sharma N, Vajpayee RB, Dada VK.
Intraoperative arcuate transverse keratotomy with phacoemulsification.
J Cataract Refract Surg 2002;18:725–730

8. Mendicute J, Irigoyen C, Ruiz M, Illarramendi I, Ferrer-Blasco T, Montés-
Micó R. Toric intraocular lens versus opposite clear corneal incisions to
correct astigmatism in eyes having cataract surgery. J Cataract Refract Surg
2009;35:451–458

9. Lehmann RP, Houtman DM. Visual performance in cataract patients with
low levels of postoperative astigmatism: full correction versus spherical
equivalent correction. Clin Ophthalmol 2012;6:333–338

10. Roberts HW, Wagh VK, Sullivan DL, Archer TJ, OˈBrart DPS. Refractive
outcomes after limbal relaxing incisions or femtosecond laser arcuate
keratotomy to manage corneal astigmatism at the time of cataract surgery.
J Cataract Refract Surg 2018;44:955–963

11. Vickers LA, Gupta PK. Femtosecond laser-assisted keratotomy. Curr Opin
Ophthalmol 2016;27:277–284

12. Wang J, Zhao J, Xu J, Zhang J. Evaluation of the effectiveness of combined
femtosecond laser-assisted cataract surgery and femtosecond laser astig-
matic keratotomy in improving post-operative visual outcomes. BMC Oph-
thalmol 2018;18:161

13. Chan TCY, Ng ALK, Wang Z, Chang JSM, Cheng GPM. Five-year changes
in corneal astigmatism after combined femtosecond-assisted phacoemul-
sification and arcuate keratotomy. Am J Ophthalmol 2020;217:232–239

14. Visco DM, Bedi R, Packer M. Femtosecond laser-assisted arcuate kera-
totomy at the time of cataract surgery for the management of preexisting
astigmatism. J Cataract Refract Surg 2019;45:1762–1769

15. Baharozian CJ, Song C, Hatch KM, Talamo JH. A novel nomogram for the
treatment of astigmatism with femtosecond-laser arcuate incisions at the
time of cataract surgery. Clin Ophthalmol 2017;11:1841–1848

16. Wendelstein JA, Hoffmann PC, Mariacher S, Wingert T, Hirnschall N, Findl
O, Bolz M. Precision and refractive predictability of a new nomogram for
femtosecond laser-assisted corneal arcuate incisions. Acta Ophthalmol
2021;99:e1297–e1306

17. Ganesh S, Brar S, Reddy Arra R. Comparison of astigmatism correction
between anterior penetrating and intrastromal arcuate incisions in eyes
undergoing femtosecond laser-assited cataract surgery. J Cataract Refract
Surg 2020;46:394–402

18. Lopes D, Loureiro T, Carreira R, Rodrigues Barros S, Nobre Cardoso J,
Campos P, Machado I, Campos N. Transepithelial or intrastromal
femtosecond laser arcuate keratotomy to manage corneal astigmatism
at the time of cataract surgery. Arch Soc Esp Oftalmol (Engl Ed) 2020;
96:408–414

19. Noh H, Yoo YS, Shin KY, Lim DH, Chung TY. Comparison of penetrating
femtosecond laser-assisted astigmatic keratotomy and toric intraocular lens
implantation for correction of astigmatism in cataract surgery. Sci Rep 2021;
11:7340

20. Yoo A, Yun S, Kim JY, Kim MJ, Tchah H. Femtosecond laser-assisted
arcuate keratotomy versus toric IOL implantation for correcting astigmatism.
J Refract Surg 2015;31:574–578

21. Lake JC, Victor G, Clare G, Porfı́rio GJ, Kernohan A, Evans JR. Toric
intraocular lens versus limbal relaxing incisions for corneal astigmatism after
phacoemulsification. Cochrane Database Syst Rev 2019;12:CD012801

22. Tan QQ, Liao X, Lan CJ, Lin J, Tian J. Comparison of toric intraocular lenses
and corneal incisional procedures for correction of low and moderate
astigmatism during cataract surgery: a meta-analysis. Chin J Ophthalmol
2019;55:522–530

23. Titiyal JS, Khatik M, Sharma N, Sehra SV, Maharana PK, Ghatak U, Agarwal
T, Khokhar S, Chawla B. Toric intraocular lens implantation versus astig-
matic keratotomy to correct astigmatism during phacoemulsification.
J Cataract Refract Surg 2014;40:741–747

24. Faktorovich EG, Maloney RK, Price FW Jr. Effect of astigmatic keratotomy
on spherical equivalent: results of the astigmatism reduction clinical trial. Am
J Ophthalmol 1999;127:260–269

25. Chan TC, Cheng GP, Wang Z, Tham CC, Woo VC, Jhanji V. Vector
analysis of corneal astigmatism after combined femtosecond-assisted
phacoemulsification and arcuate keratotomy. Am J Ophthalmol 2015;
160:250–255

26. Chan TC, Ng AL, Cheng GP, Wang Z, Woo VC, Jhanji V. Corneal astig-
matism and aberrations after combined femtosecond-assisted phacoemul-
sification and arcuate keratotomy: two-years results. Am J Ophthalmol
2016;170:83–90

27. Alpins N. Astigmatism analysis by the Alpins method. J Cataract Refract
Surg 2001;27:31–49

28. Alpins NA, Goggin M. Practical astigmatism analysis for refractive outcomes
in cataract and refractive surgery. Surv Ophthalmol 2004;49:109–122

29. Krall EM, Arlt EM, Hohensinn M, Moussa S, Jell G, Alio JL, Plaza-Puche AB,
Bascaran L, Mendicute J, Grabner G, Dexl AK. Vector analysis of astig-
matism correction after toric intraocular lens implantation. J Cataract Refract
Surg 2015;41:790–799

30. Koch DD, Ali SF, Weikert MP, Shirayama M, Jenkins R, Wang L. Contri-
bution of posterior corneal astigmatism to total corneal astigmatism.
J Cataract Refract Surg 2012;38:2080–2087

Disclosures: None of the authors has any financial or proprietary
interest in any material or method mentioned.

First author:
Ruben Hernandez, MSc

Department of Ophthalmology, Miguel Servet University Hos-
pital, Zaragoza, Spain

893COMPARISON BETWEEN TORIC IOLS AND FEMTOSECOND KERATOTOMY

Volume 48 Issue 8 August 2022

Copyright © 2021 Published by Wolters Kluwer on behalf of ASCRS and ESCRS. Unauthorized reproduction of this article is prohibited.


	Toric intraocular lens implantation vs femtosecond laser–assisted arcuate keratotomy for correction of moderate astigmatism ...
	Outline placeholder
	Surgical Technique
	Statistical Analysis
	Visual Acuity
	Refraction and Residual Astigmatism
	Keratometry
	Vector Analysis
	Complications

	REFERENCES


