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e PURPOSE: To compare the accuracy and precision of
the new Hill-RBF version 2.0 (Hill-RBF 2) formula
with other formulas (Barrett Universal 11, Haigis, Hoffer
Q, Holladay 1, and SRK/T) in predicting residual refrac-
tive error after phacoemulsification in high axial myopic
eyes.

* DESIGN: Retrospective case series.

e METHODS: 127 eyes of 127 patients with axial length
(AL) 226 mm were included. The refractive prediction
error (PE) was calculated as the difference between the
postoperative refraction and the refraction predicted by
each formula for the intraocular lens (IOL) power actu-
ally implanted. Standard deviation (SD) of PE, median
absolute PE (MedAE), proportion of eyes within +0.25,
+0.50, and +1.00 diopter (D) of PE were compared. A
generalized linear model was used to model the mean
function and variance function of the PE (indicative of
the accuracy and precision) with respect to biometric
variables.

e RESULTS: The MedAE and SD of Hill-RBF 2 were
lower than that of Hoffer Q, Holladay 1, and SRK/T
(P £ .036) and were comparable to Barrett Universal 11
and Haigis (P = .077). Hill-RBF 2 had more eyes within
+0.25 D of the intended refraction (76 out of 127 eyes
[59.84%]) compared to other formulas (P <.034) except
Barrett Universal II (P = .472). AL was associated with
the mean function or variance function of the PE for all
formulas except Hill-RBF 2.

e CONCLUSIONS: In this study, the precision of Hill-
RBF 2 is comparable to Barret Universal II and Haigis.
Unlike the other 5 formulas, its dispersion and the accu-
racy of the refractive prediction is independent of the
AL. (Am ] Ophthalmol 2019;205:66-73. © 2019
Elsevier Inc. All rights reserved.)

AJO.
Supplemental Material available at AJO.com

Accepted for publication Apr 23, 2019.

From the Department of Ophthalmology and Visual Sciences (K.H.W.,
T.CHL., M.CY.Y., T.C.Y.C.), The Chinese University of Hong Kong;
Hong Kong Eye Hospital (T.C.H.L.); Department of Mathematics and
Statistics (M.C.Y.Y.), Hang Seng Management College; Department of
Ophthalmology (T.C.Y.C.), Hong Kong Sanatorium and Hospital,
Hong Kong.

Inquiries to Tommy C.Y. Chan, Department of Ophthalmology and
Visual Sciences, The Chinese University of Hong Kong, Hong Kong;
e-mail: tommychan.me@gmail.com

66 © 2019 ELSEVIER INC. ALL RIGHTS RESERVED.

gery have led to a paradigm shift from it being a

rehabilitation procedure to a refractive procedure,
allowing postoperative spectacle independence. A substan-
tial deviation from the intended refractive target leading to
refractive surprises is a common reason for litigation.' The
primary contribution of refractive prediction errors (PEs)
include preoperative estimation of postoperative intraoc-
ular lens (IOL) position (35%), postoperative refraction
determination (27%), and preoperative axial length (AL)
measurement (17%).” IOL calculation for the average
eyes with ALs between 22 and 26 mm have excellent pre-
dictability with similar accuracy.” In high axial myopia, ac-
curate prediction remains challenging for those requiring
low-diopter IOL power or even a negative-diopter lens.
Myopia is a global public health problem, with an esti-
mated prevalence of 25%" to 46.4%” in the United States,
with an even higher prevalence in the urban parts of Asia.’
The incidence of high myopic eyes undergoing cataract sur-
gery is going to increase. Furthermore, high myopia is a risk
factor for cataract formation, and these individuals develop
cataract at a young age.’ It is not uncommon to encounter
hyperopic surprises in these eyes.8 To compensate, many
surgeons routinely target a postoperative low myopia target
(-1 to =2 D) in axial myopia.

The Hill-Radial Basis Function (Hill-RBF) formula is an
artificial formula developed to select the power of an IOL
independent of a distinct effective lens position calcula-
tion. It uses pattern recognition and data interpolation to
calculate the IOL power. The RBF algorithm requires
AL, central corneal power, and anterior chamber depth
(ACD) to predict the desired IOL power. If the parameters
required by the prediction algorithm fall outside the vali-
dating boundary, the formula can still predict the IOL
diopter power, but an out-of-bounds warning will alert
the clinician that the respective pattern of biometric mea-
surements is not well studied by the algorithm.”

The Hill-RBF version 1 (Hill-RBF 1) was an early itera-
tion of the existing formula compiled with data from 3445
eyes. An updated formula with the inclusion of additional
data from 8974 eyes undoubtedly appears to be more advan-
tageous compared with its predecessor. However, in the
Holladay 2 formula, Hoffer commented that it improved
prediction accuracy in short eyes but at the expense of
sacrificing the accuracy in the original Holladay 1 formula

T HE ADVANCES IN TECHNIQUES IN CATARACT SUR-
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in eyes with average and medium-long AL.'° The Hill-RBF
version 2.0 (Hill-RBF 2) is a new formula that replaced
Hill-RBF 1 in January 2018. At present, no peer-
reviewed literature has compared its performance with
other validated formulas. It is imperative to analyze the
refractive results using updated Hill-RBF and to compare
it with the older version. Because no single formula has
been consistently demonstrated to be the most accurate
one across a spectrum of eye characteristics, some surgeons
advocate using different formulas depending on the ocular
dimensions.'" In the present study, we aim to compare the
latest Hill-RBF formula with 5 other validated formulas in
eyes with axial myopia defined as AL >26 mm.

METHODS

THIS WAS A RETROSPECTIVE STUDY; THE CHARTS OF ALL
phacoemulsification performed from May 2016 to July
2017 at the Hong Kong Eye Hospital were retrospectively
reviewed. Data on preoperative examinations, operative
details, postoperative findings, and refractive error were
collected. Inclusion criteria included uneventful sutureless
phacoemulsification with in-the-bag monofocal IOL place-
ment, preoperative biometry obtained using partial coher-
ence interferometry (IOLMaster 500, version 7.1.2; Carl
Zeiss Meditec, Jena, Germany) with an AL >26 mm. If pa-
tients had bilateral phacoemulsification, then an eye was
randomly selected by a random-number generator for in-
clusion. Exclusion criteria were dense cataract or poor
fixating eyes requiring ultrasound biometry, incomplete
data, additional procedures during phacoemulsification
(such as astigmatism correction), or postoperative
corrected distance visual acuity worse than 6/12. Patients
with previous ocular surgery and any other pathologies
were excluded. Manifest refraction measurement was ob-
tained at 3 months postoperatively by the optometrists at
the same hospital using the same lane length. The study
was approved by the Kowloon Central/Kowloon East ethics
committee.

Surgeon’s optimized lens constant for each IOL in
routine cases was used for the evaluation of Haigis, Hoffer
Q, Holladay 1, and SRK/T formulas. We also evaluated the
Wang-Koch AL adjusted formulas using the modified
regression formulas for Holladay 1 and SRK/T'* (Koch
DD, written communication, December 18, 2018) and
the 1-center regression formulas for Haigis and Hoffer Q
in the original article.!” These adjusted AL formulas were
applied without lens constant optimization.'*!” The
recommended lens constant for the Barrett Universal 11
(referred hereafter to as “Barrett”) formula and Hill-RBF
2 were used because no method exists to optimize them.
The Lenstar LS900 (Haag-Strait AG) software (version
9.0.2) was used for the IOL power calculation in Hill-
RBF 2, which corresponded to the online calculator avail-
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able on the Hill-RBF website (http://rbfcalculator.com/,
accessed August 10, 2018). Preoperative biometry data
were entered into the online Barrett calculator (https://
www.apacrs.org/barrett_universal2/, accessed August 10,
2018) to evaluate its prediction performance.

Statistical analysis was performed using R 3.2.5 software
(R Foundation, Vienna, Austria). The PE was back-
calculated by subtracting the refraction predicted by each
formula based on the IOL power actually implanted from
the postoperative refractive outcome expressed as spherical
equivalent (actual refraction—predicted refraction). A
negative PE indicates a higher myopia result than the
predicted refraction. The arithmetic mean prediction error
(ME) for each formula was calculated; the Wald test (also
known as t test) was used to evaluate the systematic bias for
each formula, which was then zeroed out by adjusting the
individual PE up or down by an amount equal to the ME
for that formula.'®'” After adjusting the ME to zero for
each formula, the median absolute prediction error
(MedAE) were calculated. The standard deviation (SD)
of the PE was compared using the empirical F test by
bootstrapping with 5000 replicates; the absolute PE
between the formulas was compared using the Wilcoxon
signed-rank test; these indices measure the dispersion of
the PE. The percentages of eyes achieving PEs within the
diopter (D) ranges of *+0.25, +0.50, and =1.00 D were
also determined and compared using McNemar test. A
generalized linear model was used to evaluate the factors
(mean keratometry, AL, ACD, and model of IOL) contrib-
uting to the mean function (i) and the variance function
(ii) of the PE in each formula, where the PE, denoted by

Y, was modelled as follows:

Y=E(Y) +¢

with (i) mean function:

E(Y) =B, + B XAL + B, Xmean K + B; X ACD
+ B, XIOL model

and (ii) variance function:

Var(e) = exp[8p + 2(61 X AL + 8, Xmean K + 63X ACD
+ 84 XIOL model)]

such that B8, fori =1, ..., 4 represents the effect of each fac-
tor for the mean PE, when 8, =0 foralli = 1,...,4, B
represent the mean PE; §; fori =1, ..., 4 measures the effect
of each factor for the variance of PE, §; = Oforalli = 1,...,
4, exp(p) represents the variance of PE.

Variables were selected by backward selection using the
Akaike information criterion in the mean function and for-
ward selection using the likelihood ratio test in the vari-
ance function. The mean function is indicative of the
formula’s refractive prediction accuracy whereas the vari-
ance function reflects the precision of formula. A P value
less than .05 was considered statistically significant. False
discovery rate (FDR) was evaluated for numerous statistical
tests, which measures the percentage of false discovery
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expected to occur due to random error (ie, among tests that
are considered significant, the FDR is the expected propor-
tion of those tests in which the null hypothesis is true).'®
FDR cannot identify which significant result is a false dis-
covery; it only provides an overall summary of all signifi-
cant results. It is affected by the number of nonsignificant
results present in the multiple testing, whereas the presence
of both the significant and nonsignificant results affect the
familywise error rate (ie, Bonferroni adjustment). The FDR

is estimated by'®

(number of tests) X (the highest P value obtained less than .05)

compared to the other formulas (P < .021) except for
Barrett (P = .472). These differences remained significant
for the percentages of eyes within =0.50 D of PE when
compared to Hoffer Q and Holladay 1 only (P <.005); all
formulas had comparable percentages of eyes within
*1.00 D of PE compared to Hill-RBF 2 (P > .371).
Supplemental Figures 2 and 3 (Supplemental Material at
AJO.com) summarize the refractive outcome and spherical
equivalent refraction accuracy across the 6 formulas. After

applying the Wang-Koch AL adjustments, only SRK/T had

X100%

(number of significant discoveries)

RESULTS

A TOTAL OF 127 EYES OF 127 PATIENTS WITH A MEAN AGE OF
65.8 + 9.1 years were included in this study (Supplemental
Figure 1, Supplemental Material at AJO.com). The mean
AL, mean keratometry, and ACD were 27.72
+ 1.59 mm, 43.47 = 1.41 D, and 3.41 * 0.30 mm, respec-
tively. Overall, 123 IOLs implanted were plus lens, 3 were
plano, and 1 was a negative lens, with dioptric power
ranging from —1.00 to +19.00 D. Table 1 shows the clinical
characteristics of the study cohort and the IOL models
implanted.

Systematic bias in refractive prediction (due to an incor-
rect formula constant) were found in Barrett, Hill-RBF 2,
Hoffer Q, and Holladay 1, where the MEs are —0.10,
—0.24, 0.35, and 0.37, respectively (P < .006), whereas
the MEs of Haigis (-0.03) and SRK/T (0.02) were not
significantly different from zero (P > .417) (Supplemental
Table 1, Supplemental Material at AJO.com). After
adjusting the ME to zero for all the formulas, which would
eliminate the systematic error from an incorrect formula
constant, Table 2 summarizes the pairwise comparisons
among all the refractive prediction outcomes across these
6 formulas; 7.94% of the 35 significant results of the 75 tests
are expected to be false discoveries attributable to random
error as determined by the FDR. Hill-RBF 2 produced lower
MedAE than Hoffer QQ, Holladay 1, and SRK/T (P <.027),
but these differences between Hill-RBF 2 and Barrett
(P = .528) and Hill-RBF 2 and Haigis (P = .077) were
not significant. A smaller SD was found in Hill-RBF 2 as
compared to Hoffer QQ, Holladay 1, and SRK/T (P <.036)
but was not significant when compared to Barrett
(P = .632) and Haigis (P = .138). The proportion of eyes
with PE within +0.25 D were between 38.58% and
59.84%; these values increased to 70.87%-86.61% and
94.48%-98.42% for +0.50 and =1.00 D of the predicted
target, respectively, across the 6 formulas. Hill-RBF 2 had
the greatest proportion of eyes with PE within +0.25 D
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a higher SD compared to Hill-RBF2 (P = .023); Hill-RBF 2
and Barrett had a lower MedAE and higher proportion of
eyes with PE within £0.25 and =0.50 D compared to the
4 Wang-Koch AL adjusted formulas (P < .002)
(Supplemental Table 2, Supplemental Material at AJO.
com).

The mean function is indicative of the formula’s refrac-
tive prediction accuracy whereas the variance function re-
flects the precision of formula in our generalized linear
models. The IOL model was not a significant variable of
the mean function and variance function of the PE in
any formulas. Unlike the other 5 formulas, the mean func-
tion and variance function of the PE of Hill-RBF 2 were not
associated with the IOL diopter, an IOL <6 D, or a 3-piece
IOL (Supplemental Tables 3-5, Supplemental Material at
AJO.com). The mean function of the PE identified AL
and mean keratometry as significant variables in the Haigis,
Hoffer Q, and SRK/T formulas, and AL only for Holladay 1
(Table 3). No variables were significant for the mean func-
tion of PE in Hill-RBF 2 and Barrett. The mean keratom-
etry was associated with the variance function of the PE
in Haigis, Hill-RBF 2, and Hoffer QQ, whereas AL and
ACD were associated with the variance function of the
PE in Barrett and SRK/T, respectively. The analysis was
repeated with the Wang-Koch AL adjusted formulas
(Supplemental Table 6, Supplemental Material at AJO.
com); AL remains to be associated with the mean function
of the PE in Haigis, Holladay 1, and SRK/T, whereas mean
keratometry was a significant variable for Hoffer Q.

DISCUSSION

AN UNEXPECTED HYPEROPIC OUTCOME IS NOT UNCOMMON
when using standard formulas for eyes with high myopia.

The database of the Hill-RBF 2 expanded by 8974 cases;

these additional eyes encompasses a broader spectrum of
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TABLE 1. Clinical Characteristics of the Study Cohort and
Models of Implanted IOL

Eye, n (%)
Right 76 (59.84)
Left 51 (40.16)
Mean keratometry, D
Mean + SD 43.47 = 1.41
Range 39.70, 47.58
<41.0D, n (%) 4 (3.15)
41.0-46.0 D, n (%) 117 (92.13)
>46 D, n (%) 6 (4.72)
Axial length, mm
Mean = SD 27.72 £ 1.59
Range 26.01, 32.36
Anterior chamber depth
Mean = SD 3.41 = 0.30
Range 2.65,4.17
IOL power, D
Mean + SD 10.31 = 4.119
Range -1.00, 19.00
I0L model, n (%)
Tecnis ZCB0O 65 (51.18)
AMO AR40E 5(3.94)
Alcon SN6OWF 6 (4.72)
Alcon SA6OWF 31 (24.41)
Alcon SAGOAT 11 (8.66)
Alcon MA6OMA 7 (5.51)
enVista MX60 2(1.57)

D = diopter; IOL = intraocular lens; SD = standard deviation.

ALs from 20.43-30.15 mm to 20.25-37.95 mm. As
compared to the Hill-RBF 1, which included only 262
eyes with an AL >26 mm, this increased to 735 in Hill-
RBF 2 (Hill WE, written communication, August 8,
2018). We found that Hill-RBF 2 can achieve a higher
level of precision with smaller SD compared to Hoffer Q,
Holladay 1, and SRK/T with comparable precision to
Barrett and Haigis. All 6 formulas had >70.86% of eyes
within £0.50D and >94.49% within =1.00 D of the PE.
These predicted outcomes using the 6 different formulas
in our study well exceeded the benchmark in the National
Health Service, which suggested that 55% and 85% of pa-
tients should achieve postoperative spherical equivalent
within =0.50 and *1.00 D of the intended target."” Our
findings are comparable to other studies across the spec-
trum of ALs with phacoemulsification performed by highly
experienced surgeons or from an academic teaching institu-
tion, where 80% of eyes were within =0.50 D and 94% of
eyes were within +1.00 D of the predicted outcome.””*!
Hoffer QQ, Holladay 1, and SRK/T are third-generation
formulas that rely on 2 variables (AL and central corneal
power) to predict the postoperative IOL position. The
ACD is not one of the parameters in the formula. Instead,
these formulas assume that shorter eyes will have shallower
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ACD, and conversely, longer eyes have deeper ACD. This
could be one of the reasons why Hoffer Q, Holladay 1, and
SRK/T were less precise compared to Hill-RBF 2 and
Barrett, which have accounted for the ACD. ACD was
associated with the variance function in the generalized
linear model only in SRK/T, thus supporting the incorpo-
ration of ACD in the newer generation of formulas to
improve the precision. Similarly, mean keratometry was
associated with the mean function of the PE in Haigis,
Hoffer QQ, and SRK/T, with a higher K-reading resulting
in a more myopic PE on average for SRK/T and the inverse
for the former 2 formulas. This is consistent with the find-
ings reported by Melles and associates, who found Haigis
and Hoffer Q had a trend toward hyperopic prediction in
eyes with steeper mean keratometry and the opposite for
SRK/T.?? Unlike the Haigis, Hoffer QQ, Holladay 1, and
SRK/T formulas, Hill RBF-2 and Barrett only have a con-
stant bias term in their mean function of the PE (as indi-
cated by the lack of statistically significant variables
identified using backward selection in the generalized
linear model); these results remain unchanged for the
Wang-Kock AL adjusted formulas. This indicates that
the refractive predictions of Barrett and Hill-RBF 2 are
more robust, and optimization of the IOL constant will
eliminate this constant bias. Barrett differs from the other
empirical and regression formulas because the location of
the IOL’s principal planes of refraction is retained as a var-
iable in the formula. It accounts for the different principal
planes among the different IOL diopters by considering the
effective lens position as a function of ACD and a lens fac-
tor related to the physical position and the location of the
principal planes of the IOL.*’ The Hill-RBF was modeled
using patient data measured on the Lenstar LS900 (Haag-
Streit AG, Koeniz, Switzerland) biometer, which uses opti-
cal low-coherence reflectometry and the Acrysof (Alcon,
Fort Worth, TX, USA) SN60WF IOL. By using multiple
IOL models in our current study, we could minimize the
bias given to Hill-RBF and Barrett as they have been exclu-
sively formulated based on data using SNO6OWF only.
Furthermore, the IOL model was not significantly associ-
ated with the mean function or variance function of the
PE across the 6 formulas in our generalized linear equation
model. Using optical low-coherence reflectometry and par-
tial coherence interferometry, Cooke and associates noted
that different formulas gave different PEs depending on
which machine was used to perform the biometric measure-
ments.”? Thus, if optical low-coherence reflectometry was
used to obtain the measurements for the calculation of
Hill-RBF, the results could be different.

There are controversies among the literature regarding
which formula is the most accurate or the most precise for
high axial myopia. Based on the mean function of the PE
in our generalized linear model, longer AL would, on
average, result in a more hyperopic refraction using Haigis,
Hoffer Q, Holladay, and SRK/T, whereas AL was not associ-
ated with the prediction accuracy in Hill-RBF 2 or Barrett.
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TABLE 2. Prediction Outcomes in Barrett, Haigis, Hill RBF-2, Holladay 1, Hoffer Q, and SRK/T

P Value*

Hoffer vs

Holladay 1 vs

SRK/T vs

Barrett vs

Hill-RBF2 vs

Haigis

SRK/T Holladay 1 Hoffer Q Haigis Holladay 1 Hoffer Q Haigis Hoffer Q Haigis

Barrett SRK/T Holladay 1 Hoffer Q Haigis

Hill-RBF 2 Barrett SRK/T Holladay 1 Hoffer Q Haigis

.021  <.001

.104
.063

154
494

.169
.003

.576
.017
.248

.032
.022
.109

.001

<.001
<.001

.007
.019
.082

.138
.077
.034

.003
<.001

.004
<.001
.004

.036
.027
.021

.632
.528

0.44
0.28

0.54

0.33
38.58 47.24 472

0.50
0.30

0.39 0.49
0.21

0.40
0.20

% of eyes within £+0.25 59.84 5591 47.24 41.73

SD of PE

.004 <.001

.310

<.001
.001

0.27

Median absolute PE, D

.037

571

109 >.999

.012

.001

D of PE
% of eyes within £0.50 86.61

002 .006

.579

.019  >.999

480 .359 .00t .004 480 <.001

.005

73.23 83.46 >.999 .404

70.87

86.61 82.68

D of PE
% of eyes within £1.00 96.85 98.42 95.28 94.49

134

134

248  >.999

.074 >0999 >.999 >.999

.074

134

450 >.999

371

617

94.49 97.64 .480

D of PE

The arithmetic mean error was zeroed out by adjusting the refractive prediction error for each eye up or down by an amount equal to the arithmetic mean error in that formula. Elimination of the

systematic error was performed before the evaluation of the above parameters.

refractive prediction error; SD = standard deviation.
*7.94% of the 35 significant results of the 75 tests are expected to be false discoveries attributable to random error as determined by the false discovery rate.

diopter; PE =

D=
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Recent case series based on 13 301 eyes implanted with the
SN6OWE and 5200 eyes with the SA60AT found that
Barrett has the lowest PE compared to 6 other formulas
across all AL ranges (including 1548 eyes with AL
>25.5 mm). However, the authors did not include Hill-
RBF 1 in their analysis as this version was intended only
for a plano target.”* Conclusions drawn from studies evalu-
ating the choice of IOL formula in axial myope depends
on its definition. Wang and associates reported that in eyes
with AL >28 mm (n = 34), Haigis outperformed SRK/T;
in the same study, in eyes with AL between 25 and
28 mm, these 2 formulas were comparable, and they were
both more precise than Holladay 1 and Hoffer Q.”” Whereas
in the study by Voytsekhivskyy, SRK/T was comparable to
the T2 formula, the former had significantly lower MedAE
than Haigis, Hoffer QQ, Holladay 1, and Holladay 2 in eyes
with AL >26 mm (n = 51).%° Similarly, in eyes with an
AL >27mm (n= 117), Aristodemou and associates demon-
strated the SRK/T formula gave better results than the
Hoffer Q and Holladay 1 formulas.” The prediction accuracy
of Barrett was followed by SRK/T in eyes with AL >26 mm
(n = 77) across 7 formulas in the study by Kane and associ-
ates.”” A recent meta-analysis including 4047 eyes from 11
observational studies found that Barrett had a lower mean
absolute error and higher proportion of eyes within +0.50
D of the PE in eyes with AL >24.5 mm compared to SRK/
T, Hoffer QQ, and Holladay 1 and 2. However, no statistical
significance was detected when only eyes with AL
>26 mm were included, and a comparison with the Hill-
RBF was not performed in this review.”®

We repeated our analysis using the Wang-Koch AL
adjusted Haigis, Hoffer QQ, Holladay 1, and SRK/T for-
mulas. When these AL adjusted formulas were compared
to Hill-RBF 2 and Barrett (Supplemental Table 2, Supple-
mental Material at AJO.com), their accuracies and preci-
sions were no better than their unadjusted AL formulas’
comparisons with Hill-RBF and Barrett (Table 2). Melles
and associates found that the Wang-Koch adjustment
caused an overcorrection of hyperopic outcomes in long
eyes to result in myopic errors, with no improvements for
the Holladay 1 and Hoffer Q formulas and worse outcomes
for the Haigis and SRK/T formulas in eyes with the
SAGOAT IOL.*” A previous study also found that in eyes
with AL >26 mm implanted with IOL >6 D, applying
the AL-adjusted method resulted in a modest overcorrec-
tion, suggesting that the adjusted AL equations for an
IOL >6.0 D may be too aggressive.'*

Studies reporting the outcomes on Hill-RBF 1 demon-
strated that it is at least comparable to the standard for-
mulas.”””” Myopic PE was found in eyes with
keratometry reading more than 46 D in Hill-RBF 1°°
this finding agrees with the variance function of the PE
in our generalized linear models, which showed a negative
association with the mean keratometry in Hill-RBF 2. Un-
like Barrett, AL was not associated with the variance func-
tion in Hill-RBF 2; thus, the latter formula is more robust in
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TABLE 3. Generalized Linear Model of the Mean Function
and Variance Function of Refractive Prediction Error

Variable Coefficient Standard Error P Value
Barrett
Mean function
Intercept -0.08 0.03 .017
Variance function
Intercept 1.68 1.17 N/A
AL -0.10 0.04 .032
Haigis
Mean function
Intercept -6.92 1.30 <.001
AL 0.10 0.02 <.001
Mean K 0.10 0.02 <.001
Variance function
Intercept 3.14 1.81 N/A
Mean K -0.10 0.04 .030
Hill-RBF 2
Mean function
Intercept -0.25 0.03 <.001
Variance function
Intercept 2.89 1.71 N/A
Mean K -0.09 0.04 .031
Hoffer Q
Mean function
Intercept -10.04 1.46 <.001
AL 0.17 0.02 <.001
Mean K 0.13 0.03 <.001
Variance function
Intercept 3.38 1.84 N/A
Mean K -0.10 0.04 .030
Holladay 1
Mean function
Intercept -3.82 0.69 <.001
AL 0.15 0.02 <.001
Variance function
Intercept -1.63 N/A N/A
SRK/T
Mean function
Intercept -0.77 1.38 .575
AL 0.11 0.02 <.001
Mean K -0.05 0.03 .049
Variance function
Intercept 1.50 1.02 N/A
ACD -0.69 0.30 .023

The intraocular lens model was not a significant variable of the
mean function and variance function in any formulas.

ACD = axial length; AL = axial length; mean K = mean kera-
tometry; N/A = not applicable.

its average refractive prediction precision than Barrett
across the spectrum of ALs in high myopia. A prospective
study showed that the mean absolute error of Hill-RBF 1
and Barrett increased significantly from 1 week to 1 month
and from 1 month to 3 months postoperatively’'; thus,
standardizing the postoperative timing of refraction mea-
surement is essential. Unlike the previous retrospective
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studies that measured the refraction as early as
1 month,"”'**” we measured the postoperative manifest
refraction in between 3 and 4 months postoperatively in
this study to ensure that the refraction is stable.’”

To eliminate the systematic error from an incorrect for-
mula constant, Hoffer and associates proposed an iterative
method to recalculate and nullify the mean PE.’” After
optimizing the formula-specific lens constants such that
the ME is zero, a comparison of the means is no longer sta-
tistically possible. As it is difficult to obtain optimized lens
constants in these newly released formulas, we adjusted the
individual PE by the amount equal to the ME for that for-
mula in order to produce an ME of zero.'®'" The outcomes
prior to the adjustment (subjected to systematic errors) are
shown in Supplemental Table 1 (Supplementary Material
at AJO.com). Once the ME is nullified, the SD of PE mea-
sures the dispersion as to how the data scatter around the
mean of zero, rather than around the mean (systematic er-
ror). The disadvantages of using the SD as compared to the
MedAE is that it is affected by outliers, as the SD is related
to the square value of the difference of each value from the
mean. However, outliers are also of interest because these
are outcomes we want to avoid in IOL power calculation.

Our study is one of the largest reported case series with
eyes having an AL >26 mm and the first study to report
the outcomes of Hill-RBF 2. Of the 127 eyes in this study,
only 7 eyes had MAG6OMA and 5 eyes had AR40E. Future
studies are needed to evaluate the performance of these
new formulas in extreme high myopic eyes implanted
with IOL <6 D. Controversy remains as to the most appro-
priate approach to evaluate the outcomes of IOL formulas
in clinical practice. One theory is that because the formula
will be widely used by different surgeons using various IOLs,
the study should consist of data from multiple surgeons us-
ing multiple IOLs. On the other hand, if the study is carried
out by a single surgeon using one model of IOL, then the
formula will be the only variable. Our study adopted the
former approach, which is representative of the actual
assortment of cases encountered in a tertiary referral cen-
ter. The IOL dioptric power, an IOL <6 D, or a 3-piece
IOL were not associated with the mean function or vari-
ance function of the PE in Hill-RBF 2 but were associated
with the other 5 formulas. The inclusion of cases performed
by multiple surgeons and refracted by different optometrists
at asingle center could introduce bias. However, the refrac-
tive outcome from intersurgeon differences in phacoemul-
sification are clinically insignificant,”’ and differences in
manifest refraction arising from different optometrists’
practices from a single center are minimal.’* Future studies
comparing Hill-RBF with other new-generation formulas
would be important.

Hill-RBF is not a static formula; it continues to evolve
and is expected to improve over time. In our study, the pro-
portion of eyes with an absolute error within +0.50 and
+1.00 D for all 6 formulas were well above the standards.
Both Hill-RBF 2 and Barrett were more precise than
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Haigis, Hoffer, Holladay 1, and SRK/T in high axial
myopia, where only for the Hill-RBF 2 formula were the ac-
curacy and dispersion of the PE independent of the AL.

Accumulating additional cases at the extreme boundaries
in the Hill RBF registry is likely to refine in accuracy and
expand the range of eyes it can predict.
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