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Background: To compare refractive outcomes after phacoemulsification and toric IOL
implantation using two different toric calculators for initial astigmatism assessment in a realworld setting.
Methods: This was a retrospective, comparative, interventional case series. Patients over
30-year-old who underwent phacoemulsification and toric IOL implantation (AcrySof® Toric
IOL) by the same surgeon between 2017 and 2018 were included. Eyes with irregular
astigmatism, previous corneal refractive surgery, intraocular surgery, corneal pathology,
macular pathology and pupil abnormalities were excluded. IOL toricity was determined by
using a calculator provided by the AcrySof Toric calculator before 2018 and Barrett Toric
Calculator after 2018. Patient demographics, corneal topography, vector and preoperative and
postoperative refraction were collected and analyzed at three months postoperative.
Results: Thirty-two eyes of 32 patients were included in the final analysis. 0.1D for surgically
induced astigmatism was used. Group 1 included 14 eyes assessed with the original (AcrySof)
toric IOL calculator, and group 2 included 18 eyes assessed with the Barrett toric IOL calculator.
In group 1, postoperative astigmatism less than −1.00D, −0.75 D, and −0.5D was achieved in
88.2%, 76.1% and 53.7% of eyes, respectively, while, in group 2, 89% eyes achieved post
operative residual astigmatism less than 0.5D and all eyes achieved postoperative residual
astigmatism less than 0.75D. The proportion of patients with lower postoperative astigmatism
was significantly higher in Group 2 (p< 0.05 by chi-square test), a pattern that still held when we
divided patients into multiple groups. Vector analysis with the Alpins methods also supported
better outcomes in the Barrett group (0.71 D vs 0.35 D).
Conclusion: The Barrett Toric calculator resulted in better results in the prediction of
residual astigmatism than original (AcrySof) toric calculators.
Keywords: astigmatism, cataract surgery, toric intraocular lens, posterior corneal
astigmatism
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In cataract patients with astigmatism, using toric IOLs in cataract surgery treats
cataracts and astigmatism in one procedure and results in better postoperative visual
quality.1 Nevertheless, they require additional effort, including preoperative mea
surement, planning, and modifications in intraoperative techniques.2–7 Previous
studies have reported good visual and refractive outcomes, which are an important
part of the standard of care for astigmatism correction with cataract surgery,
especially in higher degrees of astigmatism.8–12 This procedure is also ideal for
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patients with regular astigmatism who hope to reduce their
dependence on glasses for distance vision.
Unfortunately, in real-word practice, this is not always
the cases, with “refractive surprise” still present from time
to time.13 Variations in refractive outcomes of toric IOLs
stem from several factors, including imperfections in ante
rior corneal surface measurement and alignment of toric
IOL, corneal surgical-induced astigmatism (SIA), and dis
parities in the formulas used to calculate IOL power.9–11,14
Early toric calculators (eg, AcrySof Toric calculator)
led to variable results, with only 50–75% of eyes exhibit
ing postoperative astigmatism of −0.50D or less.4 The
Barrett Toric IOL calculator theoretically accounts for
posterior corneal astigmatism (PCA) and effective lens
position (ELP), which may lead to more accurate preo
perative prediction of residual astigmatism.15 It is the first
formula to provide non-inferior and reliable predictions
based on measurements of posterior corneal curvature.
Therefore, we conducted a retrospective, comparative,
interventional case series to compare refractive outcomes
after standard 2.2 mm clear corneal phacoemulsification
and toric IOL implantation using either the original
(AcrySof) Toric calculator or Barrett Toric IOL calculator.

Methods
A retrospective, comparative, interventional case series
was conducted. The study was approved by an institutional
review board Institutional review board approval was
obtained from the China Medical University Hospital.
This study was conducted in compliance with Good
Clinical Practices (GCPs) and was consistent with the
1996 version of the Declaration of Helsinki.
Inclusion criteria were patients over 30-years-old with
a follow-up period of more than three months. The subjects
were diagnosed with cataracts but otherwise had good ocular
health. Detailed preoperative evaluation including dilated
indirect fundoscopy and OCT were performed in all patients
to screen out those with retinal pathology. Patients also had
regular corneal astigmatism between 1.00 D and 5.00D. Eyes
with irregular astigmatism identified by corneal topography
were excluded. To limit confounding variables, all eyes with
previous corneal refractive surgery, intraocular surgery, cor
neal pathology, maculopathy and pupil abnormalities were
excluded. Any subjects who experienced complications during
surgery were also excluded. All eyes underwent standard
2.2 mm clear corneal phacoemulsification and toric IOL
implantation (AcrySof® Toric IOL, Alcon Laboratories, Inc.,
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Fort Worth, TX) between July, 2017 and June, 2018 by the
same surgeon (Lin CJ). Automated keratometry, IOL Master
700 biometry (Carl Zeiss Meditec, Jena, Germany), and
Pentacam (OCULUS, Wetzlar, Germany) were used as mea
surement methods in undilated eyes. Repeated measurements
were performed and the value with repeatability was chosen.
Also, patients with dry eye were pre-treated before biometry
measuring.
The A standardized corneal refractive index 1.3375
was used. SIA magnitude value was set at 0.10 diopter
(Table 1). The IOL toricity was determined with the
AcrySof Toric calculator for patients treated before 2018
and Barrett Toric Calculator for patients treated after 2018.
The online AcrySof–Barrett Toric Calculator was used to
plan the axis of placement and cylinder power for the toric
IOL with a printout of the toric calculator results made
available at operation room.
The eye was marked with the patient in the upright
position; this was performed with the patient fixating with
the contralateral eye at a distant target at head height to
avoid cyclotorsion from near-fixation under topical anesthe
sia, and the limbus was then marked at the desired angle of
alignment using a needle and a surgical marking pen.
All operations were performed by the same surgeon
using a two-plane, 2.2-mm incision placed just anterior to
the limbus in the axis of the clear cornea. Following
a divide-and-conquer nucelofractis and irrigation ⁄ aspira
tion for cortex removal, a toric IOL was implanted. The
surgical wound was closed with stromal hydration.
Levofloxacin 5mg/mL (Cravit, Santen Pharmaceutical
Co., Osaka, Japan) and prednisolone acetate 1.0% eye
drops were given 4 times daily for 2 weeks.
Patient demographics, corneal topography, and preo
perative and postoperative refraction were collected before
Table 1 Centroid Surgically Induced Astigmatism Used in
Barrett Toric Calculator
Centroid
Incision

OS
SIA (D)

OD

Number

SIA (D)

Number

Location
Nasal

0.17

3

0

0

Superior
Superior temporal

0
0

0
0

0
0.38

0
1

Temporal

0

0

0.17

6

Inferior temporal
Inferior

0
0

0
0

0
0

0
0

0.17

3

0.14

7

Overall SIA
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and 3 months after surgery. The results from using the
original (AcrySof) and Barrett Toric IOL calculator were
compared.

Vector Analysis
The overall accuracy of astigmatism correction was calcu
lated with the Alpins vector analysis method at 3 months
after operation.16 AstigMATIC software was used for this
analysis.17 The software included three astigmatism para
meters: preoperative, target (set as 0), and achieved astigma
tism. Four standard graphs were produced: 1) Target-Induced
Astigmatism Vector (TIA), 2) Surgically Induced
Astigmatism Vector (SIA), 3) Difference Vector (DV),
and 4) Correction Index (CI).17

Statistical Analysis
For statistical evaluation, SPSS for Windows (Version 13.0;
SPSS Inc., Chicago, Illinois, USA) was used. Descriptive
statistics on univariate data were performed in histogram.
Chi-square test was used for residual astigmatism compar
ison between the two different toric calculators.

Results
In total, 32 eyes of 32 patients were collected. All operations
were performed by the same surgeon. Group 1 included 14
eyes from 14 patients (4 males and 10 females) assessed
with the original (AcrySof) Toric IOL calculator. The mean
age was 65.2 ± 12.2 years (range, 37–80). Figure 1 showed
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the cumulative result of the two group. 14.3% of eyes
achieved postoperative residual astigmatism less than
−0.25D. 57.2% of eyes achieved less than −0.5D and
64.3% of eyes achieved less than −0.75D; only 78.6% of
eyes had residual astigmatism less than −1.00D.
Group 2 included 18 eyes from 18 patients (7 males
and 11 females) assessed with the Barrett Toric IOL cal
culator. The mean age was 67.6 ± 7.7 years (range, 53–
84). 50% of eyes achieved postoperative residual astigma
tism less than −0.25D. 88.9% of eyes achieved postopera
tive residual astigmatism less than −0.5D, and 100% of
eyes achieved postoperative residual astigmatism less than
−0.75D and −1.00D. (Figure 1).
The proportion of patients with lower postoperative
astigmatism was significantly higher in Group 2 (p< 0.05
by chi-square test), a pattern than held when we divided
patients into multiple groups (postoperative astigmatism
cylinder ≥ −0.25D, −0.25D > cylinder ≥ −0.5D, −0.5D >
cylinder ≥-0.75D, −0.75D > cylinder ≥ −1D) and into binary
groups (postoperative astigmatism cylinder ≥ −0.5 D and <
−0.5D; cylinder ≥ −0.25D and < −0.25D) (Figure 2).
Figures 3 and 4 show the results of the vectorial astig
matism analysis at 3 months of follow-up. Figure 3 dis
plays the vector analysis in Group 1 (AcrySof Toric IOL
calculator.) while Figure 4 demonstrates the analysis in
Group 2 (Barrett toric IOL calculator.) Mean TIA were
similar in both groups (2.39 D vs 2.43 D). Mean DV,
which represents the remaining astigmatism and provides

Figure 1 Cumulative percentage of postoperative residual astigmatism analysis using original and Barrett toric IOL calculator.
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Figure 2 The proportion of patients with lower postoperative astigmatism is significantly higher in Group 2 (p< 0.05 by chi square test), no matter we divided patients in
multiple groups (postoperative astigmatism cylinder ≥ −0.25D, −0.25D > cylinder ≥ −0.5D, −0.5D > cylinder ≥ −0.75D, −0.75D > cylinder ≥ −1D) or in binary groups
(postoperative astigmatism cylinder≥ −0.5D and < −0.5D; cylinder ≥ −0.25D and < −0.25D).
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Figure 3 Vector analysis by the Alpins method of astigmatism changes in Group 1 (AcrySof Toric IOL calculator).
Abbreviations: Arith mean, arithmetic mean; Ax, Axis.

a summary of the astigmatic error, showed better results in
the Barrett group (0.71 D vs 0.35 D). In CI, which demon
strates the under- (<1) or overcorrection (>1) of astigma
tism treatment, revealed both these two calculators were
slightly under-corrected (0.99 vs 0.93).

Discussion
With the recognition of the importance of posterior corneal
astigmatism, new toric calculators were developed and
have greatly helped with lowering post-operative astigma
tism. In our study, the differences we found between the
older calculator and the Barrett Toric calculator were lar
ger than expected, with statistical significance reached in
all parameters (p < 0.05 by chi-square test) (Figure 2). The
old AcrySof calculator used simulated K values generated
by a fixed cornea model of 500 µm thickness and anterior/
posterior radius of 0.82,18 which was shown in our study
to be less precise in reflecting the overall corneal
astigmatism.
The posterior surface of most corneas is steep verti
cally, approximately 0.26–0.78D in previous studies, caus
ing against-the-rule (ATR) refractive astigmatism.13,19

Clinical Ophthalmology 2021:15

Previous generations of toric calculator (eg, AcrySof
Toric calculator), which ignored the posterior corneal sur
face, would over-correct eyes with with-the-rule (WTR)
astigmatism and under-correct eyes with ATR
astigmatism.
Due to person-to person variability, it is important to mea
sure PCA individually so for a more precise astigmatism
correction. This could be done by the incorporation of mea
sured PCA from swept-source OCT such as with IOL Master
700 (Carl Zeiss Meditec, Jena, Germany), or topographic
Scheimpflug analysis, such as the with Pentacam (OCULUS,
Wetzlar, Germany). However, whether measured PCA is sig
nificantly better than predicted PCA is still worth further
investigation. Skrzypecki et al did not find any statistically
significant difference in residual astigmatism when using the
Barrett Toric Calculator incorporating either the measured
PCA (with IOL master 700) or predicted PCA,20 but Kingrey
et al found that 14% of cases ended up with a different toric
IOL selection with the Barrett toric calculator.21
Our study showed comparable results with previous stu
dies. Generally, prospective studies reveal relatively better
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Figure 4 Vector analysis by the Alpins method of astigmatism changes in Group 2 (Barrett toric IOL calculator).
Abbreviations: Arith mean, arithmetic mean; Ax, Axis.

outcomes then retrospective studies due to its nature. But
retrospective designs were much closer to daily clinical
practice from some aspects. A recent large dataset came
from a retrospective 823 cases series by Kane and Connell,
revealing 88.2%, 76.1% and 53.7% of eyes had a post abso
lute prediction error less than −1.00D, −0.75 D, and −0.50 D,
respectively, using Barrett Toric calculator.22 In other pro
spective studies the results were slightly better, with 96.7 to
100%, 83.9% to 100% and 75 to 96% of eyes with a post
absolute prediction error less than −1.00 D, −0.75 D, and
−0.50 D, respectively.10,12,18,23 In our study, 100%, 100%
and 88.9% of eyes had postoperative residual astigmatism
less than −1.00D, −0.75 D, and −0.50 D, respectively.
With the Alpins vector analysis method, our studies
showed slightly larger values of under-correction in the
Barrett calculator group (Correction index 0.99 vs 0.93). In
further analyses, we found that there was one outlier value in
this group causing the deviation. It was −0.75 D in before
operation and −0.5 D after operation. Although the definite
value was small, it accounted for a large proportion of the CI
value.
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The regression algorithms based on population mean
values in the Barrett Toric calculator estimates posterior
corneal astigmatism from anterior corneal astigmatism. As
the result, the best possible anterior surface astigmatism
measurements should be emphasized. We suggest the follow
ing clinical practice: first, perform at least two measurements
with different devices (in our practice: IOL Master 700 and
Pentacam). Then, repeat topography and ensure that all mea
surements closely match. Finally, re-evaluate the corneal
surface if there are ambiguous results. We demonstrate that
good preoperative measurements, combined with an
advanced toric calculator such as the Barrett Toric calculator,
are capable of achieving −0.50 D or less of residual refractive
astigmatism 90% of the time in real-world clinical practice.
The limitations of this study include its retrospective
nature and the small sample size. In Taiwan, patients pay
extra fees of astigmatism-correcting intraocular lenses out
of pocket. Nevertheless, overlooking the contribution of
the posterior cornea might not make a huge difference in
the outcome for the patients. However, selection of an IOL
calculator that considers posterior corneal astigmatism and
SIA may improve refractive outcomes.
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Conclusions
In conclusion, the Barrett Toric calculator, which
includes consideration of PCA and SIA, was found to
have lower median absolute errors in the prediction of
residual astigmatism than the original toric calculator in
our present study. The Barrett Toric calculator helps
minimize postoperative variation after toric IOL implan
tation and a high percentage of eyes had a residual refrac
tive astigmatism of −0.5D or less. Prospective
randomized studies are necessary to further validate our
findings.

Abbreviations
ATR, Against-the-rule; BCVA, Best-corrected visual
acuity; ELP, Effective lens position; IOL, Intraocular
lens; OCT, Optical coherence tomography; PCA,
Posterior corneal astigmatism; SIA, Surgically induced
astigmatism; WTR, With-the-rule.
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