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ABSTRACT

Keywords:
Lenses, intraocular; Cataract; Objective: To compare the performance of Sanders-Retzlaff-Kraft/Theoretical, Hoffer Q, Barrett
Biometry; Refraction, ocular Universal ll, Kane, and Hill-radial basis function formulas to calculate intraocular lens power in eyes with
normal axial length, in terms of predicting target refraction by using partial coherence interferometr:
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Lentes intraoculares; Catarata;

Biometria; Refracdo ocular Methods: Phacoemulsification and intraocular lens implantation were performed in 135 eyes of 135

patients with an axial length between 22 and 24.5 mm. Axial length, keratometry, and anterior chamber
depth were measured by intraocular lens Master 500. Sanders-Retzlaff-Kraft/Theoretical, Hoffer Q,
Received on: Barrett Universal I, Kane, and Hill-radial basis function formulas were used for intraocular lens power

May 26,2021 calculations. The difference between the expected postoperative refraction and the mean absolute
Accepted on: prediction error was calculated for each eye. Statistical significance was evaluated at the level of p<0.05.
August 11, 2021 Results: The study included 135 subjects. The mean axial length, anterior chamber depth, keratometry,
c ) and intraocular lens power were 23.2+1.2 (22 to 24.5) mm, 3.2+0.4 (2.4 to 4.4) mm, 43.5+1.5 (40.8 to
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@ @ Métodos: Facoemulsificacdo e implante de lentes intraoculares foram realizados em 135 olhos de 135
[N By | pacientes com comprimento axial entre 22 e 24.5 mm. Comprimento axial, ceratometria, e profundidade
Copyright ©2021 da camara anterior foram medidos por lente intraocular Master 500. As férmulas Sanders-Retzlaff-Kraft/

Tedrica, Hoffer Q, Barrett Universal Il, Kane, e Hill-radial basis function foram empregadas para célculo
de poder diéptrico das lentes intraoculares. A diferenca entre a refracdo esperada no pds-operatério
e a média dos erros absolutos preditivos foi calculada para cada olho. Os valores de p<0,05 foram
considerados estatisticamente significativos.

Resultados: O estudo incluiu 135 sujeitos. As médias de comprimento axial, profundidade da cdmara
anterior, ceratometria, e poder diéptrico das lentes intraoculares foram 23,2+1,2 (22 a 24,5 mm,
3,2+0,4 (2,4 a 4,4) mm, 43,5+1,5 (40,8 a 46,2) dioptria, 21,5+1,8 (18,5 a 25,5) dioptria, respectivamente.
A média de erro absoluto preditivo para as férmulas Sanders-Retzlaff-Kraft/Tedrica, Hoffer Q, Barrett
Universal Il, Kane, e Hill-radial basis function foi 0,306+0,291, 0,312+0,257, 0,314+0,268, 0,299+0,206 e
0,308+0,280, respectivamente (p>0,05).

Conclusdo: O estudo mostrou que as férmulas de terceira geracdo (Sanders-Retzlaff-Kraft/Teérica e
Hoffer Q), de quarta geracao (Barrett Universal Il) e as da nova geracéo (Kane e Hill-radial basis function)
para célculo de poder didptrico das lentes intraoculares, tém desempenhos semelhantes para célculo
do poder diéptrico das lentes intraoculares, para predizer a refracdo alvo apds facoemulsificagdo em
olhos com comprimento axial normal.
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INTRODUCTION

Cataract surgery is one of the most common and suc-
cessful surgical interventions in modern medicine."
Every year, intraocular lenses (IOLs) are implanted in
millions of eyes worldwide.? One of the most important
factors affecting the success of this surgical procedure
is the implantation of an IOL of appropriate power.?
The precision of clinical measurements and the accu-
racy of IOL calculations have become essential factors
to achieve satisfactory refractive results after surgery.
I Obtaining the target refractive result has become an
integral part of cataract surgery." Furthermore, with the
advances in optical biometry and the introduction of
new-generation IOL calculation formulas, the refractive
outcomes of cataract surgery can now be more accurate-
ly predicted.(®”

This study aimed to compare the success of five
different IOLs power calculation formulas - Sanders-
Retzlaff-Kraft/Theoretical (SRK/T), Hoffer Q, Barrett
Universal II, Kane, and Hill-radial basis function (RBF).
In addition, to evaluate the prediction accuracy differ-
ences of Kane formula, as compared to the other four
formulas in obtaining the planned refractive value be-
fore cataract surgery.

METHODS

The study with an observational and cross-sectional de-
sign was conducted at the Department of Ophthalmology,
Faculty of Medicine, Istanbul University, Turkey, between
September 2016 and April 2018. Approval was obtained
from the Ethics Committee of the university, and detailed
informed consent was taken from all participants after in-
forming them about the study. The study complied with
the principles of the Declaration of Helsinki.

Settings and participants
The demographic and clinical data of the 312 eyes of
190 patients, who underwent phacoemulsification sur-
gery, were recorded. A total of 135 eyes of 135 patients
who met the inclusion criteria were included the study.
Emmetropia or minimal myopia was targeted in the pa-
tients. We obtained the target refraction value using the
biometric measurement results by partial coherence in-
terferometry (IOL Master 500, Carl Zeiss AG, Germany).
The Infiniti Vision System (Alcon, Inc.) was used in all
surgical procedures.

Gender, age at the time of surgery, surgical side, un-
corrected and best-corrected visual acuity (BCVA) before
and after surgery, and degree of existing cataract were

recorded by an anterior segment examination under
a biomicroscope. The expected postoperative refrac-
tion (EPR) was calculated according to the Kane, Barrett
Universal II, Hoffer Q, SRK-T, and Hill-RBF formulas, pre-
operatively. The prediction error was then calculated as
the actual postoperative refraction minus the refractive
result predicted by each formula. The mean absolute
prediction error (MAPE), standard deviation (SD) of the
MAPE, maximum spherical equivalent (SE) of MAPE as
well as the percentage of eyes that had a prediction error
within +0.25, 0.50, 0.75 and 1.00 diopter (D) were calcu-
lated for each formula.

In the postoperative period, patients used topical
moxifloxacin four times daily for one week and topi-
cal prednisolone sodium phosphate, 4 to 6 times daily,
for one month. In the examinations performed at three
months after surgery, the refractive results of the pa-
tients were evaluated, and the SE of the refractive value
was calculated. The differences between the target re-
fractive and resulting refractive values, as well as the
absolute values of these differences were recorded.
Anterior and posterior segment examinations were
performed under a biomicroscope in all controls after
surgery.

Inclusion criteria

Inclusion criteria were patients aged 18 years and over,
having uncomplicated conventional cataract surgery per-
formed by the same experienced surgeon. Capsulotomies
were centred on the pupil with implantation of an AcrySof
SN60WF IOL (Alcon Laboratories, Inc, Fort Worth, TX) in-
serted through a temporal 2.4-mm clear corneal incision.
The phacoemulsification techniques of ‘stop and chop’ or
‘chip and flip’ were employed in all procedures. In all cas-
es, phacoemulsification surgery was successfully com-
pleted, and no corneal suturing was required.

Exclusion criteria

Patients who had undergone any previous eye surgery
(keratoplasty, refractive surgery, vitrectomy, etc.) and
those with amblyopic eyes or eyes with any condition in
the optic axis, macula or optic disc that would affect re-
fraction were excluded from the study. Eyes with an ab-
normal axial length were also not included in the study
(normal axial length was accepted as 22 mm to 24.5 mm).
Intraoperative complications, including anterior or poste-
rior capsule tear, vitreous prolapse or zonular dehiscence,
and postoperative complications, such as persistent cor-
neal edema, were also exclusion criteria. If both eyes of
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one patient met the inclusion criteria, one eye was ran-
domly excluded from the study. Lastly, patients who did
not attend regular follow-up for at least 3 months after
surgery were excluded.

Intraocular lens calculation formulas

The Kane formula (available at www.iolformula.com) is
based on theoretical optics, and incorporates regression
and artificial intelligence components to further refine
its predictions. It uses axial length, keratometry, anterior
chamber depth, and patient gender along with optional
variables of lens thickness and central corneal thickness
to predict the refractive outcome. Hill-RBF uses an arti-
ficial intelligence regression method to predict postop-
erative refraction and has been updated to version 2.0
based on additional training data.

A third-generation formula refers to a combination
of theoretical and regression formulas. This concept was
introduced in 1988 and involves the use of two variables,
namely K and AL values, allowing a more accurate mea-
surement of the effective IOL position. As an example
of third-generation formulas, SRK/T represents a com-
bination of a theoretical eye model and a linear regres-
sion method. Based on nonlinear terms of theoretical
formulas, SRK/T also includes empirical regression
methodology for optimization, which provides greater
precision.®) Another third-generation formula, Hoffer
Q, was developed to estimate the pseudophakic anterior
chamber depth (ACD) for theoretical IOL power formu-
las. Personalized ACD is based on axial length and cor-
neal curvature.

Lastly, the Barrett Universal I formula was developed
based on a theoretical model eye, in which ACD is related
to axial length and keratometry. In this formula, the rela-
tion between the A-constant and a lens factor is also used
to determine ACD. The refractive principle of the IOL, the
position of its planes is preserved as a corresponding vari-
able in the formula, and the user does not need to know
the material, structure and constant of the lens.©°

Statistical analysis

The chi-squared test was used to compare the nominal
data. The distribution of data was examined using the
Shapiro-Wilk test. Continuous variables were expressed
as meanzstandard deviation for the normally distributed
data, and as median, mode or range if the data were not
normally distributed. Categorical variables were obtained
as frequency and percentages. In the analysis comparing
the groups, analysis of variance and one-sample t-tests

were performed for continuous variables with normal
distribution, and the Mann-Whitney U test was used
to compare the data without normal distribution. The
differences in absolute error between formulas were as-
sessed using the Friedman test. In the event of a signif-
icant result, post-hoc analysis was undertaken using the
Wilcoxon signed ranks tests for paired comparisons with
Bonferroni correction. Statistical significance was evalu-
ated at the level of p<0.05. The Statistical Package for the
Social Sciences (SPSS) version 23.0 was used for the statis-
tical analysis of data.

RESULTS

The demographic data and ophthalmological exam-
ination findings of patients are given in Table 1. Of the
patients in the study, 69 were male and 66 were female.
The mean age of patients was 63.5+8.3 (49 to 86) years.
The mean axial length value was 23.2+1.2 (22 to 24.5)
mm. The mean BCVA was 0.71+0.43 (0.45 to 2) LogMAR
preoperatively, and 0.01+0.03 (0 to 0.1) LogMAR at 3
months after surgery. The mean ACD value was 3.2+0.4
(2.4t04.4) mm. The mean IOL power was 21.5+1.8 (18.5 to
25.5) D, and the mean preoperative K value was 43.5+1.5
(40.8 to 46.2) D. The mean lens thickness was 4.5+0.5
(3.8 to 5.5) mm. Horizontal white to white (WTW) was
11.9+0.5 (11.2-12.7) mm. Target and resulting refractive
values measured with the partial coherence interfer-
ometry (IOL Master) device are presented in Table 2.
The prediction power differences of the four biometric
formulas compared to Kane formula are shown in Table
3. There was no difference between the five biometric
formulas in obtaining the planned refractive values
(p>0.05). Stacked histogram comparing the percentage
of eyes within a given diopter range of predicted SE re-
fraction outcome is presented in Figure 1.

Table 1. Demographic and ophthalmological characteristics
of the study participants

Characteristics

Gender (male/female) 69/66
age 63.5+£8.3
Axial length 23.2+1.2
preoperative beva 0.71+0.43
postoperative beva 0.01+0.03
acd 3.2+0.4
10l power 21.5+1.8
Preoperative mean k value 43.5+1.5
Postoperative mean k value 43.5+1.6
lens thickness 4.5+0.5
wiw 11.9+0.5
Preoperative astigmatism -0.34+0.19
Postoperative astigmatism -0.39+0.22

Results expressed as mean =+ standard deviation.
BCVA: best-corrected visual acuity, ACD: anterior chamber depth, IOL: intraocular lens; WTW: wide-to-wide.
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Table 2. Target and resulting refractive values measured with
the partial coherence interferometry (intraocular lens master)
device

Formula EPR MAPE |\S/|2\§|fs Mas);rz? i '—'gf)f’ +1 D (%)*
MAPE

Hoffer Q -0.07 0312 0.257 1.46 86.7 98.7

Kane -0.10 0299 0.260 1.38 88.0 100.0

Barrett -0.10 0314 0.268 1.43 85.3 98.7

Hill-RBF -0.06 0.308 0.280 1.44 86.7 97.3

SRK/T -0.11 0.306 0.291 1.50 85.3 96.0

*Eyes within £0.5D/+1D MAPE.
EPR: expected postoperative refraction; MAPE: mean absolute prediction error; SD: standard deviation; SE:
spherical equivalent, D: diopter; RBF: radial basis function; SRK/T: Sanders-Retzlaff-Kraft/Theoretical

Table 3. Prediction power differences of four biometric for-
mulas compared to the Kane formula

Maximum SE

Formula MAPE £ SD of MAPE +0.5 D (%)* =1 D (%)*
Hoffer Q 0.312+0.257 1.46 86.7 98.7
p-value 0.254 0.678 0.796 0.387
SRK-T 0.306+0.291 1.50 85.3 96.0
p-value 0.984 0.812 0.485 0.699
Barrett 0.314+0.268 1.43 85.3 98.7
p-value 0.198 0.375 0.999 0.387
Hill-RBF 0.308+0.280 1.44 86.7 97.3
p-value 0.527 0.411 0.796 0.387

* Eyes within £0.5D/+1D MAPE.
MAPE: mean absolute prediction error, SD: standard deviation; SE: spherical equivalent; D: diopter; SRK/T:
Sanders-Retzlaff-Kraft/Theoretical; RBF: radial basis function.
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RBF: radial basis function; SRK/T: Sanders-Retzlaff-Kraft/Theoretical; D: diopter.

Figure 1. Stacked histogram comparing the percentage
of eyes within a given diopter range of predicted spherical
equivalent refraction outcome.

DISCUSSION
Today, one of the most important goals of cataract surgery
is to reach the targeted refractive value. There are many
publications showing that new-generation biometry for-
mulas are successful in reaching target refraction values.
22 Connell et al. found the Kane formula was the most
successful to determine the target refractive value.™

In our study, although there was no statistically sig-
nificant difference, it was observed the lowest resulting
refractive estimation error was obtained with the Kane
formula in eyes with normal axial length. In addition, it
was determined that the refractive estimation error of all
eyes remained within + 1D when the Kane formula was

used. Melleset al. found the most effective of ten different
IOL calculation formulas was the Kane formula.l® In the
same study, the Hill-RBF formula was described as more
accurate than the third-generation formulas.®

In another study evaluating six different biome-
try formulas, including Hoffer Q and SRK/T using two
different biometry devices (IOL master and Lenstar LS
900), it was reported these two formulas had similar
success, and suggested the SRK-2 formula should not be
used due to the low prediction accuracy of the SRK-2 for-
mula.™ In our previous study comparing the SRK/T and
SRK-2 formulas, we also demonstrated the SRK/T formu-
la to be more successful.!

Nemeth et al. showed the Barrett Universal II and
Hill-RBF methods performed better, as compared to the
SRK/T formula in achieving the planned refractive values
in 186 cataractous eyes.™ In our study, there was no dif-
ference between these IOL power calculation formulas in
attaining the planned refractive values. This may be due
to the limited number of study participants and absence
of abnormal axiallengths in our study. Kuthirummal et al.
found the Barrett Universal II formula was more accurate
than the SRK-2, SRK/T, and Olsen IOL power calculation
formulas.™

The limitations of our study include the exclusion
of eyes with an abnormal (short or long) axial length.
The Hoffer Q formula had been previously reported to
be more successful in eyes with short axial length.®?
However, since our study did not include eyes with a
short axial length, we were not able to compare our re-
sults. In addition, there is a need to increase the number
of patients and make an evaluation in a wider population.
Lastly, our study was performed on cases in which only
Alcon SN60WF IOLs were used, and different lens models
should be investigated in future studies.

In conclusion, our study showed the third-genera-
tion (SRK/T and Hoffer Q), fourth-generation (Barrett
Universal II) and new-generation IOL power calculation
formulas (Kane and Hill-RBF) provided successful results
in calculating the target refractive values before cataract
surgery.

CONCLUSION

The third-generation (Sanders-Retzlaff-Kraft/Theoretical
and Hoffer Q), fourth-generation (Barrett Universal II),
and new-generation (Kane and Hill radial basis function)
formulas have similar performances in terms of calculat-
ing intraocular lens power to predict target refraction af-
ter phacoemulsification in eyes with normal axial length.

Rev Bras Oftalmol. 2021;80(5):e0034.



Comparison of prediction accuracy of five different biometric formulas

REFERENCES

1.

Liu YC, Wilkins M, Kim T, Malyugin B, Mehta JS. Cataracts. Lancet.
2017;390(10094):600-12.

Lee CM, Afshari NA. The global state of cataract blindness. Curr Opin
Ophthalmol. 2017;28(1):98-103.

Scholtz SK, Langenbucher A. [Calculating the Human Eye - The Evolution of
Biometry for Cataract Surgery]. Klin Monbl Augenheilkd. 2020;237(8):933-
7. German.

Carmona-Gonzalez D, Castillo-Gémez A, Palomino-Bautista C, Romero-
Dominguez M, Gutiérrez-Moreno MA. Comparison of the accuracy
of 11 intraocular lens power calculation formulas. Eur J Ophthalmol.
2020:1120672120962030.

Ugurlu A, Altinkurt E, Gozum N, Mumcu Tasli NG. Comparison of the
target refractive value and the resulting refractive value in patients
undergoing phacoemulsification surgery. J Ist Faculty Med. 2020 [cited
2021 Aug 10]. Available from: https://dergipark.org.tr/en/download/
article-file/942129

Melles RB, Kane JX, Olsen T, Chang WJ. Update on intraocular lens
calculation formulas. Ophthalmology. 2019;126(9):1334-5.

Savini G, Di Maita M, Hoffer KJ, Naeser K, Schiano-Lomoriello D, Vagge
A, et al. Comparison of 13 formulas for IOL power calculation with
measurements from partial coherence interferometry. Br J Ophthalmol.
2021;105(4):484-9.

17.

Retzlaff JA, Sanders DR, Kraff MC. Development of the SRK/T intraocular lens
implant power calculation formula. J Cataract Refract Surg. 1990;16(3):333-40.
Barrett GD. An improved universal theoretical formula for intraocular lens
power prediction. J Cataract Refract Surg. 1993;19(6):713-20.

. Shajari M, Kolb CM, Petermann K, Béhm M, Herzog M, de’Lorenzo N, et

al. Comparison of 9 modern intraocular lens power calculation formulas for
a quadrifocal intraocular lens. J Cataract Refract Surg. 2018;44(8):942-8.
Erratum in: J Cataract Refract Surg. 2018;44(11):1409.

. Cooke DL, Cooke TL. Prediction accuracy of preinstalled formulas on 2

optical biometers. J Cataract Refract Surg. 2016;42(3):358-62.

. Cooke DL, Cooke TL. Comparison of 9 intraocular lens power calculation

formulas. J Cataract Refract Surg. 2016;42(8):1157-64.

. Connell BJ, Kane JX. Comparison of the Kane formula with existing

formulas for intraocularlens power selection.BMJ Open Ophthalmology
2019;4:e000251.

. Nemeth G, Modis L Jr. Accuracy of the Hill-radial basis function method

and the Barrett Universal Il formula. Eur J Ophthalmol. 2021;31(2):566-71.

. Kuthirummal N, Vanathi M, Mukhija R, Gupta N, Meel R, Saxena R, et al.

Evaluation of Barrett universal Il formula for intraocular lens power calculation
in Asian Indian population. Indian J Ophthalmol. 2020;68(1):59-64

. Hoffer KJ, Savini G. IOL Power Calculation in Short and Long Eyes. Asia

Pac J Ophthalmol (Phila). 2017;6(4):330-1.
Gavin EA, Hammond CJ. Intraocular lens power calculation in short eyes.
Eye (Lond). 2008;22(7):935-8.

Rev Bras Oftalmol. 2021;80(5):e0034.



