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Abstract

Purpose: To compare the performance of OKULIX ray-tracing software with SRK-T and Hoffer Q formula in intraocular lens (IOL) power
calculation in patients presenting with cataract.

Methods: In this prospective study, 104 eyes of 104 patients with cataract who underwent phacoemulsification and IOL implantation were
recruited. Three IOL brands were used and for all eyes, IOL power calculation was performed using SRK-T, Hoffer Q formula and also OKULIX
ray-tracing software. For all patients, axial length and keratometry data was obtained with IOLMaster 500 device and IOL power was determined
using Hoffer Q and SRK-T formula. The IOL powers were also calculated using the OKULIX ray-tracing software combined with CASIA AS-
OCT and IOLMaster 500 device. Optically measured axial length of eyes were inserted to OKULIX software from IOLMaster 500 device, and
anterior and posterior tomographic and corneal pachymetry data was imported from CASIA AS-OCT into the OKULIX.

The performance of each calculation methods was measured by subtracting the predicted postoperative refraction from the postoperative
manifest refraction spherical equivalent (MRSE). For each of the 3 methods, the mean absolute prediction error was determined, too.
Results: The mean value absolute prediction error by OKULIX, SRK-T and Hoffer Q formulas, respectively, were 0.42 (+£0.03), 0.36 (+0.02)
and 0.37 (+0.02). The mean absolute prediction error by OKULIX had no significant difference between three IOL groups (P = 0.96), and it was
confirmed that there was no meaningful statistically difference in mean absolute prediction error between the OKULIX, SRK-T and Hoffer Q
formula. (P = 0.25). Also in each group of implanted IOLs, all three formulas worked with the same accuracy. The prediction error using
OKULIX were within +0.50 diopter in 63.5% of eyes and within +1.00 diopter in 94.2% of eyes.

Conclusion: OKULIX ray-tracing IOL power measurements provides reliable and satisfactory postoperative results, which are comparable to
other 3rd generation formulas of SRK-T and Hoffer Q.

Copyright © 2018, Iranian Society of Ophthalmology. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Keywords: Ray-tracing; IOL power calculation; OKULIX

Introduction

Financial disclosure: None of the authors has a financial or proprietary
interest in any material or method mentioned.
Conflict of interest: None.

Accurate intraocular lens (IOL) power determination is an
important factor to achieve the ideal uncorrected distance vi-
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an approximation in which the sine function in Snell's law is
approximated by the argument: sin(ot) = o.’

Gaussian optics is so called paraxial optics or thin lens
method because this is valid for paraxial rays only, so it is a
poor approximation of the real pseudophakic human eye.”

In the 1980, regression formulas were mostly used because
of their simplicity to use like; Sanders, Retzlaff, Kraff (SRK) I
and II. In the 1990s, these formulas were replaced by more
accurate, newer formulas like; Haigis, Hoffer Q, SRK-T,
Holladay 1, 2 and Oslen. Most of the advances in these new
generation formulas concerned improved methods of esti-
mating the effective lens position (ELP).

Despite these advancing new formulas and precision sur-
gical improved equipment and techniques, refractive surprise
after uneventful cataract surgery is still a challenge, especially
in eyes with abnormal axial length (short or long axial
length)”'" previous corneal refractive surgery or corneal pa-
thologies like keratoconus.''

Ray-tracing, the gold standard in lens and optical system
design, is a straightforward and promising approach in IOL
power calculation.”'” Indeed the only method in which the
prediction error can be kept as small as necessary is numerical
tracing.'” This calculation does not contain any
approximation.®

It has been shown that the optics of pseudophakic eye can
be accurately described using exact ray-tracing technique.'*

OKULIX (Tomey Corporation) is a numerical ray-tracing
software, which is developed at the University of Mainz,
Germany, and has been explained in detail by
Preussner et al.®'*'> It is able to determine the mono-
chromatic optical capacities of pseudophakic, human eye.'” In
this technique, single light rays limited only by pupillary size
are evaluated. Rays undergo different refractions on different
surfaces, where the refractive index changes (intravitreal, lens,
aqueous humor, and cornea). The shape of surface is mainly
described by their central curvature radii.® Axial length, IOL
curvature radii, IOL central thickness, asphericity and refrac-
tive index, as well as corneal topography measurements
[anterior/posterior corneal keratometric values and central
corneal thickness (CCT)], are also used in OKULIX software
for more precise IOL power calculation.

Anterior segment optical coherence tomography (AS-OCT)
can measure the entire shape of anterior/posterior corneal
surfaces with a near-infrared light.'® It has been found that
AS-OCT based topography and CCT data agree well with
conventional pachymetric measurements.'””'® These data can
be transferred to OKULIX software for IOL calculations. The
curvature, central thickness, refractive index, and the aspher-
icity of the target IOL were retrieved from a database in the
software.

The aim of this study was to determine the performance of
the IOL power calculation using OKULIX, in cataractous eyes
by comparing its prediction error with other routine formulas;
Hoffer Q'” and SRK-T.*"

Methods

This prospective study included 104 eyes of 104 Iranian
patients (55 male and 49 female, mean age 60.91 + 14.90
years; range from 6 to 81 years) candidate for cataract surgery
and IOL implantation from January 2015 to April 2016.

Our predetermined exclusion criteria were eyes with axial
length higher than 26 mm or less than 21 mm or measured
with contact applanation or immersion ultrasound A-scan,
cases with preoperative or postoperative astigmatism greater
than 2 diopters, keratoconus, previous trauma or surgery (such
as laser refractive surgery and corneal transplantation). Eyes
with complicated cataract surgery (such as posterior capsule
tear with or without vitreous loss, anterior capsule extended
tear, sulcus or anterior chamber positioned IOL, corneal su-
turing) were excluded, too. Because of compounding (corre-
lation) of data with bilateral eyes, we have included only one
eye from each bilateral cataract surgery.

Preoperative examination

For all patients, axial length and keratometry data was
obtained with IOLMaster 500 device (Carl Zeiss Meditec AG,
Jena, Germany), and IOL power was measured using Hoffer Q
and SRK-T formulas.'”” These two formulas were included
in IOLMaster 500 device and IOLs A-constant for SRK-T
formula and personalized anterior chamber depth (PACD) for
Hoffer Q formula were optimized from User Group Laser
Interference Biometry (ULIB) online table (as of Oct 31, 2016)
available at: www.ocusoft.de. Target refraction was set to zero.

The IOL powers were also calculated using the OKULIX
ray-tracing software combined with CASIA AS-OCT (SS-
1000, TOMEY Corp). This device is a non-contact, three
dimensional system based on the principle of Swept Source
OCT. Its scanning speed is 30,000 A-scan/second with radial
scan direction (16 images) and 512 lines A-scan per image
sampling. The anterior and posterior tomographic and corneal
pachymetry data was imported into the OKULIX. The pre-
dicted postoperative refraction was chosen for best focus for
the default pupil diameter of 2.5 mm. Optically measured axial
length of eyes were inserted to OKULIX software from
IOLMaster 500 device. Target refraction was set to zero too.

IOLs brands which were implanted are alphabetically listed
below:

1 Alcon; Acrysoft IQ: SN6OWF

2 Bausch and Lomb: enVista MX60
3 HOYA: NY-60/250/251 isert.

Surgical technique

All cataract surgeries were done by the same surgeon
(M.G.). The cataract was removed by phacoemulsification
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through clear cornea 3.2 mm incision, under topical or general
anesthesia. An acrylic monofocal hydrophobic IOL was
implanted in the capsular bag. Four surgeries were compli-
cated with posterior capsular tear and vitreous loss, and these
eyes were excluded from the study.

Postoperative examination

All the patients were examined postoperatively at 1 day, 1
week, and 1 month. Postoperative final manifest refraction
spherical equivalent (MRSE) was obtained at 3 month after
surgery.

Statistical analysis

The prediction error was calculated by subtracting the pre-
dicted postoperative refraction from the postoperative MRSE.
For each of the 3 methods, the arithmetic mean prediction error
as well as mean absolute prediction error was determined. We
also calculated the percentage of eyes within +0.5 and +1.0
diopter of prediction error for every method, too.

Statistically, the analysis was performed using the one-way
analysis of variance (ANOVA) and repeated measures
ANOVA test for parametric data and the Friedman's test for
non-parametric data. The SPSS software Statistics version 20
(IBM, Chicago, IL, USA) was used, and P-value below 0.05
was considered a statistically significant difference.

The study protocol adhered to the tenets of the Declaration
of Helsinki and was approved by the ethics committee. All
patients provided written informed consent.

Results

The mean power of implanted IOL was +20.71 + 3.00
diopter and ranged from +9.50 to +29.5 diopter.

The optically measured axial length of operated eyes
ranged from 21.13 to 25.04 mm and mean axial length was
23.22 + 0.97 mm.

The mean power of implanted IOLs and the mean axial
length of eyes in all three IOL groups were not statistically
different (P = 0.22 and P = 0.71, respectively).

The mean absolute prediction error of OKULIX, SRK-T,
and Hoffer methods of IOL power calculation for each
brand of IOL, and generally is shown in Table | and Fig. I,

There was no statistical difference in mean absolute pre-
diction error of OKULIX, SRK-T or Hoffer Q formula for
each kind of implanted IOL brand (P-values: 0.96, 0.44 and
0.50, respectively) [Table 1].

It was shown that in HOYA: NY-60/250/251, Bausch and
Lomb: enVista MX60 or Alcon; Acrysoft 1Q: SN60WF
groups, there was no statistically significant difference in mean
absolute prediction error of all three used formula (P-values:
0.26, 0.30 and 0.99, respectively) [Table 1].

Without considering the type of IOL brand implanted in
operated eyes, it was confirmed that there was no meaningful
statistical difference in mean absolute prediction error between
the OKULIX, SRK-T and Hoffer Q formula (P = 0.25)
[Fig. 1].

In other words, all of these three formulas work with the
same accuracy generally or separately in each group of IOLs.

The frequency of percentage of eyes within +0.50 diopter,
and within +1.00 diopter of IOL power prediction error is
shown in Table 2.

The Friedman test demonstrated that the percentage of eyes
within +0.50 diopter of IOL power prediction error was not
statistically ~ different  between the IOL  power
formulas (P = 0.06) [Table 2].

This test also demonstrated that the percentage of eyes
within +1.00 diopter of IOL power prediction error was not
statistically different between IOL power formulas (P = 0.53)
[Table 2].

Discussion

There are two main methods for IOL power calculation in
cataract surgery: the thin-lens formula and newer method, ray-
tracing based calculations.'”

Ray-tracing approach regards a lens as original thick lens
with thickness and surface. If the surface data, thickness, and
refractive index of each lens are known, optical rays can be
traced from object to macula or vice versa. In this method,
exact Snell's law is used to calculate the trace of optical rays
passing through each surface. In the more complex and ac-
curate individual ray-tracing approach, not only are the sur-
face radii, refractive indices, thickness data of optical pathway
lenses included, but also detailed anterior/posterior topog-
raphy and pachymetric data, and physical properties of

desired IOL is imported and taken into account for
12

respectively. calculations.
Table 1
Mean absolute prediction error (MAPE) of three formulas in each intraocular lens (IOL) brands.
IOL brand formula HOYA: NY-60/250/251 Bausch & Lomb: Alcon: SN6OWF P-value

MAPE + SE enVista MX60 MAPE + SE

MAPE =+ SE

OKULIX 0.43 + 0.07 0.43 + 0.05 0.41 + 0.05 0.96
SRK-T 0.34 + 0.03 0.32 + 0.04 0.40 + 0.05 0.44
Hoffer Q 0.33 + 0.03 0.39 + 0.04 0.41 + 0.06 0.50
P-value 0.26 0.30 0.99

IOL: Intraocular lens.
MAPE: Mean absolute prediction error.
SE: standard error.
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Fig. 1. Mean absolute prediction error (MAPE) of each intraocular lens (IOL) power calculation formula, generally (without considering the kind of IOL brand)

P =0.25.

There are several advantages of the exact ray-tracing
method in IOL power calculation rather than conventional
formulas:

1 The ray-tracing method uses exact Snell's law, which
adopts no assumption in the calculation.'” There, it can
provide the real simulation of the human eye.*”'

2 The ray-tracing calculation using corneal topography may
be more accurate in corneal power calculation because
more detailed corneal surface data are imported into the
ray-tracing software.”’

3 It has been shown that ray-tracing based IOL power cal-
culations accuracy in normal cataractous eyes was unaf-
fected by corneal asphericity.”

OKULIX is a program package which calculates single rays
exactly and suited for IOL calculation.®'*'7?*** Axial length
is entered to this software from ultrasonic or optical mea-
surement devices, which will be changed to optical axial
length in this program.

The OKULIX program package includes a compilation of
the mostly implanted IOL of the market leaders. For the
calculation inside this software, the IOL is physically

Table 2
The frequency of eyes within +0.50 and +1.00 diopter prediction error of
intraocular lens (IOL) power calculation in each formula group.

Percentage of eyes
within +0.5 diopter
of IOL power prediction

Percentage of eyes
within +1.00 diopter
of IOL power prediction

error error
OKULIX 63.5% 94.2%
SRK-T 70.2% 97.1%
Hoffer Q 76.9% 95.2%
P-value 0.06 0.53

IOL: Intraocular lens.

characterized by curvature radii, the refractive index, the
asphericity and the central thickness, which makes the
calculation more accurate than conventional formula.”

Like other formulas, OKULIX ray-tracing software require
an estimation of the distance at which the principle plane of
the IOL will be placed behind the cornea after surgery (known
as estimated lens position, or ELP). For more accurate esti-
mation of ELP, OKULIX software uses an algorithm which
contains axial length, manufactures IOL parameters and mean
postoperative anterior chamber depth values of IOL-type;
extracted from A-constant SRK-T formula.””> When position
and thickness of the crystalline lens are known from mea-
surements, these data can be used in OKULIX to further
improve the accuracy of ELP.

Topographic and pachymetric data can be transferred to
OKULIX software from variety of measurement devices like
Haag-Streit-Lenstar, Oculus Pentacam, Tracy iTrace, Zimer
Galilei G6 or Tomey CASIA OCT topography (as it used in
our study).

Exploitation of this topography actually measured data, by
OKULIX makes IOL power calculation more accurately in
cases of IOL power calculation for Toric IOLs or after corneal
refractive surgery.”*’

In this prospective case series study, we have shown the
performance of OKULIX software ray-tracing IOL power
calculation was not significantly different compared with the
other two routine and reliable IOL power calculation formulas,
SRK-T and Hoffer Q.

In current study, three brands of posterior chamber IOLs;
HOYA: NY-60/250/251, isert, Bausch and Lomb: enVista
MX60 and Alcon; Acrysoft 1Q: SN6OWF were used in cata-
ractous eyes, with no statistically significant different mean
IOL power and axial length values between these
lenses (P = 0.22 and P = 0.71, respectively).
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It has been shown that the Hoffer Q performed best for axial
lengths less than 21.00 and the SRK-T for axial lengths of
27.00 mm or longer.”* The accuracy and mean absolute predic-
tion error of OKULIX ray-tracing software had no difference in
all IOLs, like the other SRK-T and Hoffer Q formula. On the
other hand, we have shown that in each group of implanted IOLs,
all three formulas worked with the same accuracy.

Our research also reported that the percentage of eyes
within +0.50 and +1.00 diopter of IOL power prediction error
was statistically the same between the three methods of IOL
power calculation. These results agreed with the results of the
study conducted by Preussner et al. for comparing the accu-
racy of OKULIX and other calculation formulae in large pa-
tient collectives, including eyes with extreme axial lengths.”

In summary, we concluded that the new ray-tracing based IOL
power calculation software OKULIX can be considered an ac-
curate and reliable method of IOL power calculation in routine
practice, especially considering its stable accuracy in different
brands of IOLs and variable axial length of operated eyes.

The limitations of our study were the small sample size,
limited range of axial length that did not include very short or
very long eyes, and not including the Toric or multifocal IOLs.
Considering the cost and dependency of OKULIX software to
other measuring tools like IOLMaster and topographic de-
vices, this method of IOL power calculation does not seem to
be convenient, nor cost benefit, especially regarding that there
is no superiority in its accuracy, compared to the other routine
accessible formulas like SRK-T or Hoffer Q.

The accuracy, reliability, and prediction error of OKULIX
IOL power calculation method should be evaluated in more
challenging IOL power calculations issues like after laser
corneal refractive surgery, post-radial keratotomies, keratoco-
nus eyes, or other corneal pathologies that make accurate,
unsurprising IOL power calculation difficult.
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