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Purpose: To compare toric intraocular lens (IOL) outcome accuracy after using an online
toric calculator that accounted for posterior corneal astigmatism versus a traditional calcu-
lator that only accounted for anterior corneal astigmatism.

Patients and Methods: This was a single-arm, non-masked, non-randomized prospective
study in a single private practice in Norfolk, Virginia, USA, evaluating clinical outcomes of toric
IOL implantation based on a calculator that considered posterior corneal astigmatism (PCA) and
effective lens position (ELP). Of interest was the distribution of the residual refraction (sphere
and cylinder) at 4070 days postoperative. Residual refractive cylinder (RRC) was compared to
the back-calculated theoretical results using a legacy calculator that did not consider PCA.
Distance visual acuity (best-corrected and uncorrected) and the manifest refraction were also
measured, along with preoperative and postoperative keratometry.

Results: Forty-six eyes of 34 subjects were available for analysis. All eyes had a spherical
equivalent refraction within 0.5D of intended. Uncorrected visual acuity was 20/25 or better
in 86% of eyes targeted for emmetropia. Residual cylinder was 0.50D or less in 96% of eyes,
with a maximum of 0.75D measured. The difference between residual cylinder and the
expected cylinder from calculations was significantly lower for the calculator that included
consideration of PCA and ELP relative to the one that did not.

Conclusion: Use of a toric IOL calculator that includes consideration of posterior corneal
astigmatism is recommended to optimize clinical outcomes.

Keywords: posterior corneal astigmatism, cylinder, residual refraction, toric calculator

Plain Language Summary
When surgeons perform cataract surgery, they replace the cloudy natural lens with an
intraocular lens, a miniature lens that sits inside the eye. They can choose the power of
that lens, based on measuring various features of the eye, particularly how long the eye is and
how curved the front of the eye (the cornea) is. Patients may then find less need for glasses to
see clearly after surgery, at least for distance vision. The degree of success is often related to
the reliability of the measurements and the accuracy of the calculator being used.

Toric intraocular lenses correct astigmatism — they are used when the cornea has
a different curvature in two directions (e.g. the cornea is shaped like a football, rather than
a baseball). Surgeons must calculate how much astigmatism to correct, and this can be
complicated. Results in the past have been good, but there was room for improvement.
A new calculator includes consideration of the front and back surface of the cornea. This
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study was designed to compare results with such a new calculator
to theoretical results if the new calculator had not been used.
Results show that there are significant benefits to using the
new calculator, with patients having less astigmatism after sur-
gery, which leads to better distance vision. This new calculator
appears to provide a better model of the optical properties of the
eye. It is recommended that surgeons use such a model when
planning to correct astigmatism at the time of cataract surgery.

Introduction

Approximately a third of patients presenting for cataract
surgery have significant corneal astigmatism, which
would benefit from treatment at the time of surgery.'
The most effective treatment in most cases is a toric
intraocular lens.? Early efforts to correct measured (ante-
rior) corneal astigmatism met with good, but not excel-
lent success, with 50-75% of eyes generally exhibiting
0.50D or less of refractive astigmatism post-surgery.’
Savini et al* concluded that posterior corneal astigma-
tism (PCA) had the greatest impact on residual astigma-
tism when compared to the effects of surgically induced
astigmatism (SIA), lens misalignment and effective lens
position. Reitblat et al’® noted that considering PCA when
performing toric intraocular lens (IOL) calculations was
likely to significantly increase the percentage of patients
with residual astigmatism within 0.50D. Additional work
by Koch® and Goggin’ around the same time also
demonstrated the likely beneficial effects of consider-
ing PCA.

Several methods are utilized to account for PCA
including using nomograms/formulas to adjust the mea-
sured anterior corneal astigmatism, or directly measuring
PCA. Adjustments are typically based on a calculated
adjustment coefficient,”® though using the ratio of ante-
rior-to-posterior corneal power is also possible.” Published
results with these methods have shown improvement in
residual astigmatism correction after toric lens implanta-
tion, resulting in an average of about 0.2 D less residual
astigmatism when compared to the use of the unadjusted
anterior corneal astigmatism.”° The majority of available
calculators for toric intraocular lens cylinder power are
based on an adjustment of anterior corneal power.

Directly measuring PCA is also possible with certain
diagnostic devices. Some published results have shown
higher percentages of eyes with 0.50D or less of refractive
astigmatism postoperatively with this approach,'® but it is
not in common use. Variability has been noted in the
measurement of PCA.*

Historically, toric intraocular lens calculators did not
consider the effects of PCA. One such calculator was the
original AcrySof ®/Alcon toric calculator. Results with this
calculator were reported by Savini et al,'' with a mean
residual refractive astigmatism using the calculator vary-
ing from 0.40 to 0.95 DC. One of the suggestions from
their work was to consider PCA to improve outcomes with
the calculator. Applying PCA adjustments to toric IOL
calculators has been implemented, with good published
results.'? A commonly used toric calculator that considers
PCA using a proprietary algorithm is the Barrett toric
calculator. This calculator also includes consideration of
effective lens position (ELP) for appropriately adjusting
IOL cylinder power to the corneal plane. While perhaps
less important than the effects of PCA, consideration of
ELP has to affect toric IOL
calculations."?

been demonstrated

Results with the Barrett toric calculator show less
residual astigmatism when compared to a calculator that
does not consider PCA, with an expected reduction in
mean residual astigmatism of 0.16 DC.'* Abulafia et al"
compared the older Alcon toric calculator (without con-
sidering PCA) and the Barrett toric calculator and found
a mean centroid error difference of about 0.50 D in pre-
dicted residual astigmatism. Results were better with the
Barrett calculator. The percentage of cases with absolute
errors in predicted residual astigmatism <0.50 D and <1.00
D was higher for Barrett versus the older Alcon toric
calculator (45% more and 10% more, respectively).'

The purpose of the current study was to determine the
distribution of the residual refraction (sphere and cylinder)
in the early postoperative period (40-70 days) for eyes
undergoing cataract surgery with implantation of an
AcrySof® toric IOL (Alcon, Fort Worth, TX) using the
online Alcon—Barrett toric IOL calculator and to compare
the residual refractive cylinder achieved to back-calculated
theoretical results using the older online AcrySof Toric
IOL calculator that does not consider ELP or PCA.

Patients and Methods

This was a prospective non-interventional single-site, sin-
gle-arm clinical trial designed to evaluate the refractive
and visual outcomes associated with using a toric intrao-
cular lens based on the Alcon—Barrett toric calculator.
Results were compared to those expected if the legacy
Alcon toric calculator had been used for toric IOL plan-
ning using the same preoperative information. The study
was approved by an institutional review board (Sterling
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IRB, Atlanta, GA, USA). This study was conducted in
compliance with Good Clinical Practices (GCPs) and
was consistent with the 1996 version of the Declaration
of Helsinki. In addition, this study adhered to all applic-
able local, state, and federal requirements relevant to the
use of study devices and materials. As a single-arm study
involving patients being treated with the site’s usual stan-
dard of care, registration with clinicaltrials.gov was not
required.

Subjects had to be at least 30 years of age, have
cataracts, but have otherwise good ocular health with
a potential acuity of 20/25 (0.1 logMAR) or better. They
also had to have regular corneal astigmatism of 0.75D to
5.00D. To limit confounding variables, patients were
excluded if they had any previous corneal refractive sur-
gery or any anterior or posterior chamber surgery; corneal
pathology, macular pathology and pupil abnormalities
were also exclusion criteria, as was any condition that
the surgeon deemed was likely to limit postoperative
visual acuity. Any subject who experienced complications
during surgery would remain in the study, but their results
would be removed from the outcome analysis. No vulner-
able subject populations were enrolled. All eligible sub-
jects reviewed and signed an approved informed consent.

Eligible subjects were enrolled and assessed preopera-
tively, at 1-day and 40-70 days postoperatively. At the
preoperative visit, clinical evaluations included measure-
ment of visual acuity, manifest refraction, and biometry
with the LENSTAR LS 900® biometer (Haag-Streit,
Koeniz, Switzerland). The online Alcon—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. The surgically
induced astigmatism value was 0.1D with the incision
placement 15 degrees counter-clockwise from temporal.
Any modification of the plan provided was documented
on that printout (e.g. a surgeon may have elected a slightly
higher or lower cylinder correction based on the expected
residual refractive astigmatism predicted). Every IOL was
selected based on achieving the least amount of residual
“with the rule” astigmatism, even if the online Alcon—
Barrett toric IOL calculator suggested a lens with residual
“against the rule”. For oblique cases, the surgeon used the
lens with the least amount of expected residual astigma-
tism, even if it flipped the axis. The Barret Universal II
calculator was used to calculate the sphere power of
the IOL.

The AcrySof ® toric clear lens (SA6ATxX, Alcon, Fort
Worth, TX) was the only lens used, implanted by both
surgeons (EY and AYC) in the same manner. All patients
were marked at the slit lamp at 90 and 270 degrees before
surgery. The surgeon used a 2.2 mm clear corneal incision
made 15 degrees counter-clockwise from temporal orien-
tation. A femtosecond laser system (LenSx®, Alcon) was
used for the 5.1 mm anterior capsulotomy and for lens
fragmentation on every eye. The steep meridian for toric
IOL placement was identified using a Mendez marker
intraoperatively. Any subjects experiencing any intrao-
perative adverse event were documented and discontinued
from the study; they were followed with the clinic’s usual
standard of care.

The postoperative regimen was the surgeon’s usual
standard of care. During the postoperative visits, visual
acuity was measured at 1-day and again at 40-70 days
postop. At this final postoperative visit, the manifest
refraction and keratometry readings using the same
biometer were recorded, along with lens orientation as
determined from the slit lamp.

Data were collected on appropriate case report forms
and collated in Microsoft Excel, then imported into
a Microsoft Access database for data checking and pre-
liminary analysis (both Microsoft Corp., Redmond, WA,
USA). Vector math was used to calculate differences
between astigmatism values. Statistical analyses were per-
formed using the Statistica data analysis software system,
version 12 (TIBCO Software Inc., Palo Alto, CA, USA).
Parametric comparisons of data were made using analysis
of variance (ANOVA) while non-parametric analyses were
based on the Chi-squared test, with a significance level of
alpha = 0.05. Sample size calculations were based on the
ability to detect a 0.25D difference in refractive astigma-
tism between the actual results from the Barrett calculator
and theoretical results back-calculated. Using an alpha of
0.05 and a power of 0.80, and presuming a standard devia-
tion of 0.4D for the postoperative refractive astigmatism
(from previous research results), a minimum of 39 eyes
were required.

The primary outcome measure was mean residual refrac-
tive cylinder (RRC) achieved with the online Alcon—Barrett
calculator at 40—70 days postoperative. Secondary measures
included the distribution of RRC, distance visual acuity
(best-corrected and uncorrected) and the manifest refraction.
Finally, comparisons of actual results and those suggested by
the legacy toric IOL calculator were made. For this purpose,
the vector differences between the actual refractive cylinder
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and the expected residual cylinder from the Alcon—Barrett
toric IOL calculator were calculated. This was compared to
the theoretical difference between the calculated refractive
cylinder based on using the toric IOL suggested by the
legacy toric IOL calculator and the expected residual cylin-
der from that calculator (theoretical back-calculations). The
“remove and replace” algorithm described by Hill et al was
used for this purpose, where theoretical astigmatism is based
on the actual refractive astigmatism and the vector differ-
ence between the actual and legacy IOL powers and

. . 1
orientations.'®

Results
There were 52 eyes of 38 subjects successfully enrolled in
the study; 6 eyes of 4 subjects were lost to follow-up,
leaving 46 eyes of 34 subjects for analysis. There were
no adverse events and no safety concerns recorded.
Postoperative keratometry data were not available for 4
eyes. Preoperative demographics and biometry for the eyes
analyzed are shown in Table 1. Table 2 shows the distribu-
tion of IOL cylinder power and the average sphere power
for each cylinder power. There was no statistically signifi-
cant difference in the sphere power by IOL cylinder power
(p = 0.69).

Two eyes of two subjects were targeted for monovision
postoperatively, so their refraction was adjusted appropri-
ately for analysis. All eyes (46/46) were within 0.50D of

Table | Subject Demographics (n = 46 Eyes of 34 Subjects, 22
Female)

Mean | SD | Minimum | Maximum
Age (years) 68.7 92 | 46 88
Average keratometry 444 1.38 | 42.02 46.52
D)
Corneal cylinder (D) 1.53 0.64 | 0.75 3.59
Axial length (mm) 237 1.38 | 21.5 28.95
Lens sphere power (D) | 20.18 | 4.1 6 28.5

Abbreviations: D, diopter; mm, millimeter; SD, standard deviation.

Table 2 Toric Cylinder Power

IOL | n | Average Sphere | Nominal Cylinder Power at
Power (D) Corneal Plane (D)

T3 1319 1.03

T4 14 ] 20.8 1.55

T5 13 [ 20.6 2.06

Té6 6 | 204 257

Abbreviation: D, diopter.

their intended spherical equivalent correction, with 85% of
eyes (39/46) within 0.25D of intended. Of the 7 eyes not
within 0.25D of the intended correction only two were
under-corrected (manifest refraction spherical equivalent,
MRSE 0.375D and 0.50D, respectively); the other 5 eyes
were slightly over-corrected (MRSE —0.375D in 3 eyes
and —0.50D in 2). Figure 1 shows the distribution of the
actual residual refractive astigmatism achieved in this
group of eyes. More than half of eyes in the study had
no residual refractive cylinder, while 96% had 0.50D or
less. No eye had more than 0.75D of residual refractive
astigmatism.

Figure 2 shows the resulting uncorrected and best-
corrected distance visual acuity achieved in all eyes cor-
rected for emmetropia (n = 44). As can be seen, 86% of
eyes (38/44) had UCVA of 20/25 or better. While not
shown, all but 3 eyes had a UCVA within 1 line of their
BCVA (93%, 41/44). Only one eye could not be corrected
to 20/25; in this eye the UCVA and BCVA were both
20/40.

Postoperative keratometry data were available for 42
eyes. The vector difference between the preoperative and
postoperative anterior keratometry was considered
a measure of the surgically induced corneal astigmatism;
the mean vector magnitude was 0.43 + 0.35D. The median
value was 0.32D. Three eyes had a calculated difference of
1.0D or greater, with the highest being 1.50D. Despite
those large anterior keratometry differences, two eyes
had no residual refractive cylinder and one had a residual
refractive cylinder of 0.50D. The magnitude of the vector
centroid for all eyes was 0.03D.

Lens orientation data were available for 41 of 46 eyes
at the postoperative visit; 93% of eyes (38/41) were within
5 degrees of the intended orientation, with only 3 eyes
showing an orientation difference between 5 and 10
degrees. At 2 months postoperative, no eye had an orienta-
tion that was more than 10 degrees from intended.

As noted, the legacy toric IOL calculator was used to
calculate the IOL cylinder power and orientation using the
same biometry. Table 3 summarizes the differences in IOL
cylinder power by orientation of the preoperative anterior
keratometry. A lens was “lower” if the cylinder power
designation of the implanted lens (based on the Alcon—
Barrett calculator) was lower than for the lens suggested
by the legacy calculator. For example, if the actual lens
implanted was a TS5 and the legacy calculator suggested
a T3, the designation would be “2 higher”. In almost
a third of cases, the difference between the legacy calculator
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Abbreviations: UCVA, uncorrected visual acuity; BCVA, best-corrected visual acuity.

and the Alcon—Barrett calculator was 2 lens steps (~1.50
D at the IOL plane, or ~1.00 D at the corneal plane).
Figure 3 shows a histogram of the magnitude of the
vector difference between the actual residual refractive
astigmatism and the expected astigmatism from the
Alcon—Barrett calculator. Also shown is the theoretical
vector difference magnitude based on the IOL suggested
by the legacy calculator (the theoretical back-calculation).
The vector difference magnitude was significantly lower

with the Alcon—Barrett (actual) suggested IOL relative to
the theoretical result with the IOL suggested by the legacy
(non-PCA) calculator (p < 0.001).

Discussion

The differences we found between the legacy calculator and
the Alcon—Barrett calculator were larger than expected, with
34% of eyes having a calculated difference of 2 lens powers;
this is without consideration of additional orientation effects.
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Table 3 Differences by Toric IOL Cylinder Power

Power of Lens n Percent | ATR | OBL | WTR
Implanted vs Legacy

Calculation

2 lower 2 4%

| lower 9 20% 9
Same 4 9% 2

| higher 17 | 37% 14 3

2 higher 14 | 30% 13 |

Abbreviations: ATR, against the rule; OBL, oblique; WTR, with the rule.

The differences are likely a function of PCA, ELP and the
conservative nature of the legacy calculator, where the sug-
gested lens never “flipped” the axis, even if the expected
residual astigmatism would have been lower. However, the
results in Figure 3 include consideration of the expected
residual astigmatism from the two calculators, which com-
pensates for that last factor. Differences seen in Figure 3 are
therefore likely a function only of PCA and ELP.

Residual refractive cylinder results in the current study
appear consistent with or slightly better than those
achieved using toric IOL calculators that consider
PCA.'">'!8 They are significantly better than those
The differences
between the expected errors from the legacy calculator

reported for earlier legacy calculators.’

and the Alcon—Barrett calculator also appear consistent

with findings from previous studies.®'*'*!?

H Alcon Barrett
25

48%

20

15

10

5
4°n

0

<0.25D

33%
20%

<0.50D

Number of eyes (n = 46)

The differences in the IOL cylinder powers calculated
with the two different calculators are also consistent with
reported findings in the past. It is expected that, because of
the nature of PCA, with-the-rule astigmatism would be over-
corrected and against-the-rule astigmatism would be under-
corrected if it was not taken into account.” Table 3 shows that
considering PCA did lower the suggested cylinder power of
the toric IOL in eyes with with-the-rule astigmatism and
raised it in eyes with against-the-rule astigmatism. The
authors were surprised to find that in more than a third of
cases the difference in IOL power was two “step” incre-
ments, or about 1.00 D at the corneal plane.

As an alternative to using calculators that consider
PCA in some fashion (through a proprietary algorithm
such as the Alcon—Barrett calculator, or with a regression
formula such as the Abulafia=-Koch formula®®), direct
measurement of the total corneal astigmatism might be
considered. Reported results have been good,”' though
they have been reported to be variable, suggesting that
the use of direct measurement may depend on improving
the consistency of such measurements.”

There are several things of note related to SIA in the
results. First is that the mean vector magnitude is signifi-
cantly higher than the magnitude of the vector centroid.
This has been noted in the past and it is important when
surgeons are calculating their own SIA values; the magni-
tude of the vector centroid is the measure of interest. The

M legacy (non-PCA)

33%
30%

17%

2%
- 0%

13%

<0.75D <1.00D >1.00D

Difference from expected based on toric IOL calculation
(legacy based on theoretical back-calculated cylinder)

Figure 3 Difference from expected for actual and theoretical (legacy) toric IOL calculations.

Abbreviation: D, diopter.

submit your manuscript

820

Dove

Clinical Ophthalmology 2020:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Yeu et al

vector centroid here was near-zero, and not much different
than the 0.10D used for toric IOL planning purposes. It is
also interesting to note that the only 3 eyes with
a calculated SIA greater than 1.0D all had final lens
orientations within 5 degrees of intended and a refractive
cylinder of 0.50D or lower. This would seem to indicate
that the SIA used (0.1D) in the calculations was appro-
priate, even in these eyes. The large SIA calculated in
these eyes may have been due to measurement error (e.g.
keratometric variability from dry eye),> or it may be that
anterior corneal keratometry does not adequately reflect
the “true” SIA of the eye. Recent efforts to refine SIA
calculation based on preoperative corneal astigmatism and
postoperative refractive astigmatism have shown promise
in this regard.”*

There are limitations to the current study. While the
sample size was calculated to be sufficient to demonstrate
the differences between toric IOL calculations, larger sample
sizes are always helpful. Since the Alcon—Barrett toric cal-
culator was used for all eyes, there was no control eye or
randomization present. However, with the evidence largely
in favor of newer toric calculators, there was no ethical way
to create a case—control study. One advantage of the study
was its prospective nature; a high percentage of articles
addressing this issue involve retrospective chart reviews.

Conclusion

In summary, the use of the Alcon—Barrett toric calculator,
which includes consideration of PCA and ELP, produced
a very high percentage of eyes with 0.5D or less of
residual refractive astigmatism after surgery. Use of calcu-
lators that consider PCA is highly recommended.
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