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Purpose: We examined differences in the accuracy of three intraocular lens (IOL) calculation formulas: the traditional Sanders-
Retzlaff-Kraft/Theoretical (SRK/T) formula; the Barrett Universal II (BU II) formula, which is a new-generation IOL calculation
formula; and the postoperative spherical equivalent prediction using artificial intelligence and linear algorithms developed by
Debellemaniére, Gatinel, and Saad formula (PEARL-DGS [PEARL]) formula, and evaluated factors that cause postoperative
refractive error (PE).

Patients and Methods: The study included 205 patients (205 eyes) with a mean age of 75.2 + 8.7 years who underwent cataract
surgery at our institution from December 2018 to October 2023. The PE of the three IOL calculation formulas was calculated and
compared. Multivariate logistic regression analysis was performed with a PE higher than +0.50 D as the dependent variable, and age,
sex, axial length (AL), mean keratometry (mean K), anterior chamber depth (ACD), lens thickness (LT), and white-to-white (WTW) as
independent variables.

Results: The mean PE (ME) + standard deviation of the SRK/T, BU II, and PEARL formulas was 0.11 + 0.52, 0.11 + 0.50, and 0.21 +
0.50 D, respectively. MEs of the three IOL calculation formulas were significantly different from 0 (p < 0.01). The median absolute
error (MedAE) was not significantly different among the three IOL calculation formulas (p = 0.83). The percentage of PE within £0.50
D was not significantly different among the three IOL calculation formulas (p = 0.13). Multivariate logistic regression analysis showed
that the significantly associated factors with PE higher than +0.50 D were AL, ACD, and LT for the SRK/T formula, sex and LT for the
BU II formula, and LT for the PEARL formula (all p < 0.05).

Conclusion: In the BU II and PEARL formulas, AL was excluded as a factor affecting PE, indicating that LT was a risk factor.
Keywords: cataract, lens thickness, logistic models, refractive surgical procedures

Introduction

In recent years, cataract surgery has become more significant as a refractive surgery, rather than a conventional surgery, to
improve visual function, with the development of new-generation intraocular lens (IOL) calculation formulas and improve-
ments in biometric technology enabling highly accurate surgeries.'” The Sanders-Retzlaff-Kraff/Theoretical (SRK/T)
formula has been used for many years as a vergence-based IOL calculation formula utilizes axial length (AL) and mean
keratometry (mean K), the factors causing postoperative refractive error (PE) in the SRK/T formula are AL,** keratometry,’
and age at surgery.® Among the new-generation IOL calculation formulas, the Barrett Universal II (BU II) formula is
a theoretical IOL calculation formula published in 2010 that uses measurements of anterior chamber depth (ACD), lens
thickness (LT) and white-to-white (WTW) in addition to AL and mean K in its calculation. The BU II formula is more accurate
than the traditional SRK/T formula, with smaller PE at AL >25 mm and <22 mm.”*® In addition, the postoperative spherical
equivalent prediction using artificial intelligence and linear algorithms developed by Debellemaniére, Gatinel, and Saad
(PEARL-DGS [PEARLY]) formula using machine learning models of artificial intelligence in 2017 is as accurate as or more
accurate than the BU II formula in long and short eyes, and the new-generation IOL calculation formula is less sensitive to
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ocular morphology.”'® However, Shammas et al reported that the percentage of PE within £0.50 D was 75%, 80.5%, and
81.7% in the SRK/T, BU II, and PEARL formulas, respectively.’ Thus, even with the new-generation IOL calculation formula,
PE may occur in some cases. Therefore, we examined the factors related to PE in the new-generation IOL calculation
formulas. The PE of the traditional (SRK/T) and new-generation IOL calculation formulas (BU II and PEARL) were
compared. In addition, the PE of each formula was considered the dependent variable, and parameters such as age, sex,
AL, mean K, ACD, LT, and WTW were considered the independent variables, and the factors related to refractive error were

examined using multivariate logistic regression analysis.

Material and Methods

Ethics Approval and Informed Consent
This study conformed to the ethical provisions of the tenets of the Declaration of Helsinki and was approved by the Ethics

Committee of the Department of Inomata Eye Hospital. Informed consent was waived because we only used anonymized data.

Inclusion Criteria

Table 1 shows the patient background. A series of phacoemulsification cataract surgery between December 2018 and
October 2023 was performed at the clinic. Preoperative measurements of AL, mean K, ACD (from the corneal epithelium to
the lens), LT, and WTW were obtained using the OA-2000™ (TOMEY Corp. Nagoya-City, Aichi, Japan), and a one-piece
hydrophobic acrylic IOL, the HOYA iSert Micro (HOYA Surgical Optics, Inc)., was used for in-the-bag implantation were
included in the study. Exclusion criteria were keratopathy, lens subluxation, or other conditions that could affect PE,
corrected distance visual acuity of 20/25 at 4 weeks postoperatively, and patients who were lost to follow up for >4 weeks
postoperatively. Only one eye was selected randomly if both eyes underwent surgery.

IOL Calculation Formula

We used the SRK/T formula'' based on the third-generation thin lens equations, the BU II formula'? based on the new-
generation thick lens equations using paraxial space, and the PEARL-DGS formula'® based on the thick lens equations
using a machine learning model to predict the distance between the posterior corneal radius and the theoretical IOL
position, and the results were compared. The BU II formula was used for the actual inserted IOL calculation. A constant
of 118.5 was based on the User Group for Laser-Interference Biometry.

Table | Patient Background

Parameters Overall

n 205 eyes of 205 patients
Age (years) 752 + 87

Sex (male/female) 98 (48)/107 (52)

AL (mm) 24.05 + 1.59
Mean K (D) 44.09 + 1.42
ACD (mm) 3.13 £ 040

LT (mm) 4.66 + 0.44
WTW (mm) 11.38 + 0.49

Note: Data are expressed as n (%) or ME + SD.
Abbreviations: AL, axial length; mean K, mean kerato-
metry; ACD, anterior chamber depth, as measured from
the corneal epithelium to the lens; LT, lens thickness;
WTW, white-to-white.
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PE Evaluation

The expected refraction of each formula was subtracted from the spherical equivalent of the objective refraction using the
auto refractometer (model ARK-1a from Nidek Co., Ltd. Nagoya-City, Aichi, Japan) at 4 weeks postoperatively'* and
evaluated as the refractive error with positive mean PE (ME) and negative ME representing refractive error for hyperopia
and myopia, respectively. We calculated the ME, standard deviation (SD), median absolute error (MedAE), and
percentage of eyes with PE within £0.50 D.

Statistical Analysis

Statistical analyses using EZR'"> (version 2.6-1, Sun Apr) were performed based on the published protocol.'*
Kolmogorov—Smirnov test was used to examine data normality. One-sample #-test was used to examine whether the
ME of each IOL calculation formula was significantly different from 0. Friedman test was used to compare MedAE, and
Bonferroni adjustment was used for multiple comparisons. The y* test was performed to compare the percentages of
cases within £0.50 D of PE. Risk factors were determined using multivariate logistic regression analysis in cases with PE
higher than £0.50 D as dependent variables and each parameter (age, sex, AL, mean K, ACD, LT, and WTW) as
independent variables. Significant difference was determined at p < 0.05.

Results

Table 1 shows the patient background. We included 205 eyes of 205 patients. The mean age of the patients was 75.2 + 8.7
years, and 98 and 107 were male and female patients, respectively. Table 2 shows the PE results for each IOL calculation
formula. The MEs of the three IOL calculation formulas were significantly different from 0 (one-sample ¢-test: all p < 0.01).
The MedAE were not statistically significantly different among the three IOL calculation formulas (Friedman test: p = 0.83).
The percentage of cases within £0.50 D of PE was not statistically significantly different among the three IOL calculation
formulas (y*test: p = 0.13). Tables 3—5 show the multivariate logistic regression analysis results for factors with PE higher
than £0.50 D in the SRK/T, BU II, and PEARL formulas, respectively. Significantly associated factors were AL (p = 0.02),
ACD (p=0.01), and LT (p = 0.01) for the SRK/T formula. Moreover, the significantly associated factors in the BU II formula
were sex (female: p=0.04) and LT (p = 0.04), and the significantly associated factor in the PEARL formula was LT (p = 0.04).

Discussion

The only factors significantly associated with PE higher than +£0.50 D were AL, ACD, and LT for the SRK/T formula;
sex and LT for the BU II formula; and LT for the PEARL formula, indicating that LT was a risk factor for PE in new-
generation IOL calculation formulas. The accuracy of each IOL calculation formula was similar to that reported by
Fernandes et al and Cheng et al'®'” In recent years, the accuracy of the new-generation IOL calculation formulas and
factors affecting PE have been high.” ' Regarding the risk factors for PE higher than £0.50 D in the SRK/T formula,
which was different from the results of Koga et al who reported that PE higher than +£0.50 D was significantly associated

Table 2 PE Results for Three IOL Calculation Formulas

ME % SD (D) | MedAE (D) | <%0.50 D (%) | p values
SRK/T | 0.11 £0.52 035 69 <0.01*
BU Il 0.11 050 0.34 70 <0.01*
PEARL | 021 +0.50 035 67 <0.01*

Note: * The MEs of all three IOL calculation formulas were significantly different from
0 (one-sample t-test: all p < 0.01). MedAE and the percentage of cases <+0.50 D of PE
were not significantly different between the three IOL calculation formulas (Friedman
test: p = 0.83, x* test: p = 0.13).

Abbreviations: ME, mean postoperative refractive error; SD, standard deviation;
MedAE, median absolute error; ££0.50 D (%), percentage of eyes within £0.50 D of
postoperative refractive error; SRK/T, Sanders-Retzlaff-Kraff/Theoretical formula; BU
Il, Barrett Universal Il formula; PEARL, PEARL-DGS formula.
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Table 3 Multivariate Logistic Regression Analysis Results for Factors with PE
Higher Than +0.50 D in the SRK/T Formula

Independent variable p values Odds ratio 95% Confidence

(variance inflation factor) interval

Age (1.29) 0.99 1.00 0.96—-1.04

Sex: female (1.17) 0.11 1.73 0.89-3.38

AL (2.14) 0.02* 0.67 0.48-0.93

Mean K (1.52) 0.21 0.84 0.65-1.10

ACD (2.77) 0.01* 5.67 1.51-21.3

LT (2.10) 0.01* 4.00 1.44-11.1

WTW (1.26) 0.45 1.32 0.64-2.73
Note: * indicates p < 0.05 in multivariate logistic regression analysis. Significantly associated factors were
AL, ACD, and LT.
Abbreviations: AL, axial length; mean K, mean keratometry; ACD, anterior chamber depth, as measured
from the corneal epithelium to the lens; LT, lens thickness; WTW, white-to-white.
Table 4 Multivariate Logistic Regression Analysis Results for Factors with PE >
+0.50 D in the BU Il Formula

Independent variable p values Odds ratio 95% Confidence

(variance inflation factor) interval

Age (1.28) 0.56 1.01 0.97-1.05

Sex: female (1.14) 0.04* 1.98 1.03-3.83

AL (2.13) 0.91 1.02 0.77-1.34

Mean K (1.45) 0.82 1.03 0.80-1.34

ACD (2.61) 0.25 2.07 0.60-7.11

LT (1.87) 0.04* 2.68 1.01-7.16

WTW (1.27) 0.79 0.91 0.45-1.85
Note: * Indicates p < 0.05 in multivariate logistic regression analysis. Significantly associated factors were
female sex and LT.
Abbreviations: AL, axial length; mean K, mean keratometry; ACD, anterior chamber depth, as measured
from the corneal epithelium to the lens; LT, lens thickness; WTW, white-to-white.
Table 5 Multivariate Logistic Regression Analysis Results for Factors with PE
Higher Than +0.50 D in the PEARL Formula

Independent variable p values Odds ratio 95% Confidence

(variance inflation factor) interval

Age (1.31) 0.32 0.98 0.94-1.02

Sex: female (1.14) 0.54 1.22 0.65-2.30

AL (2.06) 0.52 0.91 0.69-1.21

Mean K (1.45) 0.75 1.04 0.81-1.35

(Continued)
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Table 5 (Continued).

Independent variable p values Odds ratio 95% Confidence
(variance inflation factor) interval
ACD (2.54) 0.66 1.31 0.40-4.32
LT (1.88) 0.04* 2.69 1.04-6.99
WTW (1.26) 0.66 0.86 0.43-1.69

Note: * Indicates p < 0.05 in multivariate logistic regression analysis. A significantly associated factor was
LT.

Abbreviations: AL, axial length; mean K, mean keratometry; ACD, anterior chamber depth, as measured
from the corneal epithelium to the lens; LT, lens thickness; WTW, white-to-white.

with age.'® This may be because of the inclusion of 66 patients >90 years, whereas our study only included 2 patients
>90 years. Regarding the risk factors for PE higher than £0.50 D in the BU II formula, Sella et al reported no significant
factors associated with PE in the BU II formula.'® This may be because of LT not being used in the analysis, and the
dependent variable was PE higher than +1.00 D, thereby this study inferred that the results differed from those in
a previous report.'” However, Li et al reported that PE higher than £0.50 D was significantly associated with female sex
in a multivariate logistic regression analysis of refractive error after cataract surgery in patients with primary angle
closure glaucoma, and the BU II formula indicated that female sex influences PE.? Some studies showed that LT and PE
showed a positive correlation,”' whereas others reported that patients with an LT >4.74 mm postoperatively shifted to
myopia; hence, the association between the BU II formula and LT is still unclear.?? This study showed that the odds ratio
for LT was 2.68, and that the risk of PE higher than £0.50 D increased with higher LT. The only risk factor in the PEARL
formula was LT. The PEARL formula is less influenced by ACD and LT.'° However, the detailed characteristics of the
formula remain unclear. In the results of this study, LT was significantly associated with PE, and the risk of PE higher
than £0.50 D increased with higher LT. The reason why LT Influences PE is suggested that the postoperative IOL
position is determined by the postoperative ACD, and the postoperative ACD depends on both the LT and the
preoperative ACD. Therefore, we speculate that higher LT that deviate from theoretical values used in each IOL
calculation formula will have a more pronounced Influence on the postoperative ACD, leading to shift in the post-
operative IOL position. The odd ratios for LT were 4.00, 2.68, and 2.69 for the SRK/T, BU II, and PEARL formulas,
respectively. The results indicate that although LT influences the new-generation IOL calculation formula, its influence is
smaller than that of the SRK/T formula. A limitation of this study was the small number of patients, in future studies,
additional cases should be included to establish cutoff values for LT and clarify the impact of other risk factors.

Conclusion
In the new-generation IOL calculation formulas, the BU II and PEARL, indicating that LT is a risk factor. However, the
effect of LT varies depending on the IOL calculation formula, and the importance of the factor varies.

Abbreviations

ACD, anterior chamber depth; AL, axial length; BU II, Barrett Universal II; IOL, intraocular lens; LT, lens thickness;
ME, mean postoperative refractive error; MedAE, median absolute error; PE, postoperative refractive error; PEARL-
DGS (PEARL), postoperative spherical equivalent prediction using artificial intelligence and linear algorithms developed
by Debellemaniere, Gatinel, and Saad; SD, standard deviation; SRK/T, Sanders-Retzlaff-Kraft/Theoretical; WTW, white-
to-white.
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