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Background: The purpose of this study was to evaluate the American Society of Cataract
and Refractive Surgery (ASCRS) intraocular lens (IOL) calculator for eyes with prior radial
keratotomy and assess the accuracy of its methods in predicting IOL power in patients with
previous radial keratotomy.

Methods: This retrospective study included data from 15 eyes with previous radial keratotomy
and subsequent cataract surgery. The average central power and Humphrey Atlas methods
from the ASCRS IOL calculator, along with an average IOL power produced from an average
of these two methods (ASCRS average), were compared. Primary outcome measures for each
method were mean arithmetic and absolute IOL prediction error, variance in mean arithmetic
IOL prediction error, and the percentage of refractive outcomes within +0.50, +£1.00, +1.50,
and £2.00 diopters (D).

Results: The average central power method and the ASCRS average were significantly more
accurate than the Humphrey Atlas method in terms of mean absolute IOL prediction error
(1.03 D and 1.02 D versus 1.53; P=0.04 and P = 0.01, respectively). In addition, the average
central power method and ASCRS average produced a higher percentage of refractive outcomes
within £0.50 D when compared with the Humphrey Atlas method (60% and 46.67% versus
0%, respectively). A comparison of the average central power method and the ASCRS average
demonstrated a smaller variance and higher percentage of patients within +1.00 D when using
the ASCRS average.

Conclusion: The ASCRS calculator for eyes with prior radial keratotomy is an easily accessible
and valuable online tool for calculating IOL power in patients with previous radial keratotomy.
We found that the ASCRS average produced by the calculator provided the best IOL prediction.
We recommend using it with the addition of 1.00 to 1.50 D to its IOL power prediction.
Keywords: radial keratotomy, cataract, intraocular lens calculator, American Society of Cataract
and Refractive Surgery

Introduction

The use of radial keratotomy has diminished since the advent of laser-assisted in situ
keratomileusis (LASIK) and photorefractive keratectomy (PRK), which are both
more accurate and predictable in correcting refractive error than radial keratotomy.'
However, an estimated 1.2 million people underwent radial keratotomy between 1980
and 1990,%* many of whom will eventually require cataract surgery. Studies*® have
shown that refractive outcomes after cataract surgery in such patients are very chal-
lenging to predict, because radial keratotomy alters corneal curvature, leading to errors
when measuring the central corneal power® and estimating effective lens position.’
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Both of these errors lead to an underestimation of the
predicted intraocular lens (IOL) power, leaving the patient
hyperopic.’

Fortunately, the effective lens position can now be better
estimated using third-generation and fourth-generation IOL
formulae.?* Newer biometry devices*!%'2 have also increased
the accuracy of central corneal power measurements. The
American Society of Cataract and Refractive Surgery (ASCRS)
IOL calculator for eyes with prior radial keratotomy*! incorpo-
rates several of these advances in effective lens position and
central corneal power estimation. The goal of this study is to
evaluate the ASCRS IOL calculator to determine its accuracy
of IOL prediction in eyes with previous radial keratotomy.

Methods

A retrospective chart review was conducted of patients with
previous radial keratotomy and subsequent cataract surgery
from March 2008 to April 2011 performed by one surgeon
(MM) at the John A Moran Eye Center. Cataract surgeries
were performed using 2.2 mm temporal clear corneal inci-
sions and the Alcon Infiniti phacoemulsification system
(Alcon Laboratories, Fort Worth, TX). A Tecnis ZCBO0O0,
Tecnis 29002, Tecnis ZA9003 (all from Abbot Medical
Optics, Abbott Park, IL), AcrySof IQ SN6OWF or AcrySof
SA60AT (both from Alcon Laboratories) IOL was used for
implantation into the capsular bag.

All data requested by the ASCRS IOL calculator for
eyes with prior radial keratotomy were required for study
inclusion, with the exception of the value requested from
the EyeSys 3000 Corneal Atlas System, which was not used
in our precataract evaluations. The average central corneal
power was obtained from the Pentacam (Oculus Inc, Wetzlar,
Germany) equivalent keratometry reading at a 4.5 mm
optimal zone, as described by Holladay et al.'* Keratometry
measurements at the 1-4 mm zone were measured with the
Humphrey Atlas (Carl Zeiss Meditec, Dublin, CA). Axial
length measurements were recorded from the IOL Master
v4 (Carl Zeiss Meditec). Exclusion criteria included major
complications during or after cataract surgery and missing
data required by the calculator.

The ASCRS IOL calculator uses the Aramberri double-K
modification of the Holladay 1 formula and produces values
from the average central power, Humphrey Atlas 1-4, and
EyeSys effective refractive power methods. An average IOL
power (ASCRS average) is also produced from an average of
all methods available from the calculator. In this study, the
ASCRS average consisted of the average of the Humphrey
Atlas and average central power methods.

Using the ASCRS IOL calculator, with optimized lens
constants for the surgeon (MM) and targeting at the actual
refraction recorded after cataract surgery, the predicted IOL
power for each method was obtained. The IOL prediction error
was then determined by subtracting the predicted IOL power
from the power of the IOL implanted.'* Thus, a positive value
indicates that method predicts an IOL of less power than the
power of the implanted IOL, leaving the patient hyperopic.

The following results were evaluated for each method
studied: mean arithmetic IOL prediction error; mean absolute
IOL prediction error; variance in mean arithmetic IOL predic-
tion error; and percentage of eyes within a certain refractive
prediction error. Using the assumption that 1.00 diopter (D)
of IOL prediction error produces 0.70 D of refractive error
at the spectacle plane, the percentage of eyes within a refrac-
tive error of £0.50 (IOL prediction error 0.71), £1.00 (IOL
prediction error 1.43), +1.50 (IOL prediction error +2.14),
and £2.00 (IOL prediction error +2.86) were computed for
each method.">'*

Statistical analysis

Statistical analysis was performed using STATA data
analysis and statistical software (Release 11. StataCorp LP,
College Station, TX). Two-sample paired #-tests with equal
variances were done to compare the mean arithmetic and
absolute IOL prediction errors. The F-test for variance was
utilized to compare the consistency of the different predic-
tion values and the McNemar test was used to compare the
percentages of eyes ending up within a certain refractive
prediction error. A linear regression analysis was performed
to investigate what influence the number of radial keratotomy
incisions had on post-cataract refractive outcomes. The
Hochberg correction was applied for multiple tests.

Results

The study consisted of 15 eyes from 10 patients. The patients
included had a mean age of 63.53 £+ 3.22 years, a mean num-
ber of radial keratotomy incisions of 10.13 £ 3.66, a mean
precataract spherical equivalent of 0.04 + 3.88 D, mean
pre-cataract Pentacam average central corneal power of
38.92 £ 1.90 D, and a mean precataract Humphrey Atlas 1-4
average of 39.28 + 1.85 D. (Table 1). Post-cataract data were
obtained at an average of 4.33 + 3.70 months after surgery.
The worst best-corrected visual acuity after cataract surgery
in this study was 20/25. One patient had four radial kerato-
tomy incisions, eight patients had eight radial keratotomy
incisions, three patients had 12 radial keratotomy incisions,
and three patients had 16 radial keratotomy incisions.
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Table | Patient demographics

N =15 eyes Mean t+ standard  Range
deviation

Age at cataract surgery (years) 63.53+£3.22 58 to 68

Pre-cataract surgery SE (D) 0.04 + 3.88 —7.25to 6.13

Pre-cataract surgery pentacam 3892+ 1.90 34.50 to 42.00

average

Central corneal power (D)

Pre-cataract surgery 39.28 + |.85 34.27 to 42.55

Humphrey Atlas

1—4 mm average (D)

Axial length (mm) 2551 £0.69 24.69 to 26.97

IOL power (D) 22.47 £ 3.24 18.00 to 30.00

Number of RK incisions 10.13 + 3.66 4to 16

Abbreviations: SE, spherical equivalent; D, diopters; IOL, intraocular lens.

The average central power method and the ASCRS average
were more accurate in the majority of outcome indicators than
the Humphrey Atlas method (Tables 2 and 3). The average
central power method and ASCRS average had significantly
smaller mean absolute IOL prediction errors (1.03 D and 1.02
D, respectively) than the Humphrey Atlas method (1.53 D,
P=0.04 and P=0.01, respectively). The average central power
method and ASCRS average both resulted in a significantly
higher percentage of outcomes within 0.50 D when compared
with the Humphrey Atlas method (60% and 46.67% versus
0%, respectively, P = 0.004 and P =0.02, respectively).

Although not statistically significant, the average central
power method and ASCRS average also had smaller mean
arithmetic IOL prediction errors (Figure 1), ranges, and
variances while producing a higher percentage of outcomes
within £1.00 D than the Humphrey Atlas method. There were
two outliers in the mean arithmetic IOL prediction errors when
using the Humphrey Atlas method. Removing these outliers
from the Humphrey Atlas method analysis increased the mean
arithmetic IOL prediction error from 1.07 D to 1.50 D and
decreased the standard deviation from 1.30 D to 0.69 D.

When comparing the average central power method
and the ASCRS average, the findings observed were

Table 2 IOL prediction error and variance for each method

not statistically significant. The average central power
had a smaller mean IOL prediction error (0.54 D versus
0.81 D, respectively) and a higher percentage of outcomes
within £0.50 D (60% versus 46.67%, respectively). However,
the ASCRS average had a smaller variance (1.19 versus
1.65, respectively) and a higher percentage of outcomes
within £1.00 D (66.67% versus 60%, respectively).

Discussion

The poor predictability of post-cataract refractive outcomes in
patients with prior radial keratotomy remains a frustrating issue.
Fortunately, outcomes are improving with new technology that
increases accuracy of central corneal power measurements
and effective lens position estimation. Recent studies by Packer
et al’ and Awwad et al'® utilized this technology in evaluating
IOL calculations in patients with previous radial keratotomy.
However, both studies either relied on technology not readily
available to most ophthalmologists or used lengthy formulae.
The method used in the Packer et al study relied on both the
Holladay 2 formula, only available as part of the Holladay
IOL Consultants Software, and the effective power parameter,
obtained with the EyeSys 3000 Corneal Atlas. The Awwad et al
study used the same third-generation formula as the ASCRS
IOL calculator, with measurements from the Topographic
Modeling System (Tomey Corporation, Nagoya, Japan).

The ASCRS IOL calculators,'® on the other hand, are
accessible online for all ophthalmologists and are very easy
to use. There are three ASCRS IOL calculators, ie, one for
eyes with prior myopic LASIK/PRK, one for eyes with
prior hyperopic LASIK/PRK, and one for eyes with prior
radial keratotomy. The ASCRS IOL calculator for eyes with
prior myopic LASIK/PRK has been thoroughly studied
and is widely utilized."® To date, there have been no studies
evaluating the results of the ASCRS IOL calculators for eyes
with prior hyperopic LASIK/PRK or radial keratotomy.'
We report the first published outcomes of the ASCRS IOL
calculator for eyes with prior radial keratotomy.

IOL prediction error

Arithemetic Arithmetic Absolute Absolute Variance
mean + SD (D) range (D) mean + SD (D) range (D)
Average 0.54+1.28 —1.54t0 2.72 1.03 £ 0.92 0.13 t0 2.72 1.65
central power
Humphrey 1.07 £ 1.30 ~1.82 t0 2.85 1.53 +0.64 0.72t0 2.85 1.69
Atlas 14
ASCRS 0.81 £ 1.09 —0.88 to 2.79 1.02 £ 0.87 0.07 to 2.79 1.19
average
Abbreviations: ASCRS, American Society of Cataract and Refractive Surgery, D, diopters; IOL, intraocular lens; SD, standard deviation.
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Table 3 The percentage of eyes within 0.50 diopters, =1.00 D,
+1.50 D, and £2.00 D for each method

Percentage of eyes within

+0.50 D +1.00 D +1.50 D +2.00 D
Average 60.00% 60.00% 80.00% 100%
central power
Humphrey 0.00% 46.67% 86.67% 100%
Atlas 1-4
ASCRS 46.67% 66.67% 86.67% 100%
average

Abbreviations: ASCRS, American Society of Cataract and Refractive Surgery, D,
diopters.

Our results showed that the average central power method
and ASCRS average were more accurate than the Humphrey
Atlas method with respect to mean arithmetic and absolute
IOL prediction errors, variance, and the percentage of out-
comes within £0.50 and +1.00 D. Although the average central
power had a smaller mean IOL prediction error and a larger
percentage of patients within 0.50 D, we consider the ASCRS
average to be more useful because it has a smaller variance
and a higher percentage of outcomes within £1.00 D. A
smaller variance indicates a better consistency of IOL predic-
tion, which leads to increased confidence in that prediction.

In this study, 60% of eyes using the average central
power method, 46.7% of eyes using the ASCRS average,
and 0% of eyes using the Humphrey Atlas method ended up
within £0.50 D. In comparison, the Packer et al and Awwad
et al studies had 80% and 87.5% of outcomes, respectively,
within £0.50 D. In our study, the average central power
and Humphrey Atlas methods, and the ASCRS average, all
produced mean arithmetic IOL prediction errors that were
positive (0.54 D, 1.10 D, and 0.81 D, respectively), leading
to hyperopic outcomes. Therefore, if emmetropia is desired,
we recommend adding 0.50 D to 1.00 D to the IOL power

error (diopters)

Mean arithmetic IOL prediction

|D Average central power [ Humphrey Atlas 1-4 [] ASCRS average |

Figure | Boxplot of IOL power prediction errors for each method.
Abbreviations: ASCRS, American Society of Cataract and Refractive Surgery; IOL,
intraocular lens.

prediction of the average central power method and 1.00 D
to 1.50 D to the IOL power predictions of the Humphrey
Atlas method and ASCRS average. Using the assumption that
1.00 D of IOL prediction error produces 0.70 D of refractive
error,'* we can deduce that 0.50 D, 1.00 D, and 1.50 D of IOL
power leads to approximately 0.35 D, 0.70 D, and 1.05 D of
refractive power, respectively.

Several physicians have made the clinical observation
that an increase in the number of radial keratotomy inci-
sions increases the probability of a hyperopic outcome after
cataract surgery, but there is no consensus on the amount
of hyperopia each additional radial keratotomy incision
produces.'® A linear regression analysis of our data did not
reveal any significant correlation between the number of
radial keratotomy incisions and post-cataract outcomes,
likely due to a small sample size. Larger studies are needed
to find statistical significance after stratification based on
the number of radial keratotomy incisions. Another study
limitation was our lack of access to the EyeSys 3000 Corneal
Atlas, requested by the ASCRS calculator. This decreased
the amount of formulae from the calculator we were able to
evaluate. However, many ophthalmologists do not routinely
use the EyeSys 3000 Corneal Atlas, so our results may be
more representative of most clinical practices.

In conclusion, we consider the ASCRS IOL calculator for
eyes with prior radial keratotomy to be an easily accessible
and valuable tool. Our analysis showed that in comparison
with the average central power and Humphrey Atlas methods
alone, the average of these two methods was more accurate.
This ASCRS average demonstrated a smaller variance and a
higher percentage of outcomes within £1.00 D. We recom-
mend using the ASCRS average with the addition of 1.00 D to
1.50 D to the IOL power prediction. However, larger studies
are needed to validate these results.
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