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Purpose: To compare the accuracy of intraoperative aberrometry (IA) for predicting postoperative refraction between eyes with
emmetropia and myopia targets.
Patients and Methods: This retrospective analysis included patients with axial myopia (axial length ≥ 25.0 mm) who
underwent uncomplicated phacoemulsification cataract surgery with IA to achieve emmetropia (plano to −0.5 D) or intentional
myopia (−2.5 D to −5.0 D). Preoperative ocular biometry was performed in all eyes using an IOLMaster. Refractive prediction
errors in IA were compared between eyes with emmetropia and myopia targets. Refractive prediction errors in IA for both
groups were also compared with those predicted by intraocular lens power calculation formulas including the SRK/T, Holladay
1, Hoffer Q, Holladay 2, Haigis, and Barrett Universal II formulas.
Results: Thirty-nine eyes of 39 patients with a target of emmetropia and 22 eyes of 22 patients with a target of intentional myopia were
included in the final analysis. The mean numerical error was significantly different from zero (myopic trend) in myopia-targeted eyes (−0.37 ±
0.54 D, one-sample t-test, P = 0.004, 95% confidence interval: −0.61 to −0.14), while it was close to zero in emmetropia-targeted eyes. The
mean absolute error was significantly smaller in emmetropia-targeted eyes (0.28 ± 0.27 D) than in myopia-targeted eyes (0.51 ± 0.41 D,
P = 0.01). IAwas revealed as the most accurate method for predicting postoperative refraction in eyes with emmetropia target, whereas Barrett
Universal II formula was found to be the most accurate for eyes with myopia target.
Conclusion: In patients with axial myopia, the performance of IA was altered when targeting intentional myopia compared with
emmetropia. Myopic shift in the refractive outcome should be considered when IA is used to target myopia.
Keywords: cataract surgery, postoperative refraction, intentional myopia, axial myopia, intraocular lens calculation formula

Introduction
Modern cataract surgery is a refractive procedure. In recent times, there has been an increased focus on the importance of
postoperative refractive outcomes. The accuracy of predicting postoperative refraction has improved with improvements
in the methods of ocular biometry and intraocular lens (IOL) power calculation. Using modern biometers and calculation
formulas, approximately 90% of eyes are expected to achieve a prediction error within 0.50 D.1 However, in atypical
eyes such as those with short or long axial length, or eyes with previous corneal refractive surgery, accurately predicting
postoperative refraction is still considered to be challenging.

Intraoperative aberrometry (IA) is a newly developed technique for improving postoperative refractive outcomes.
Wavefront measurement technology is used to perform ocular biometry after crystalline lens extraction, and the ideal IOL
power is suggested based on aberrations in the aphakic eye. The Optiwave Refractive Analysis (ORA) system (Alcon

Clinical Ophthalmology 2022:16 1165–1171 1165
© 2022 Sakai et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical Ophthalmology Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 19 February 2022
Accepted: 11 April 2022
Published: 16 April 2022

http://orcid.org/0000-0003-1013-0119
http://orcid.org/0000-0002-6464-4302
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
http://www.dovepress.com/permissions.php
https://www.dovepress.com


Laboratories, Fort Worth, TX, USA), based on the Talbot–Moiré interferometry, is one of the most studied intraoperative
aberrometers. Its usefulness was first reported in patients with previous corneal refractive surgery.2 More recently, Hill
et al reported that the ORA performed better when compared with the various IOL power calculation formulas in patients
with axial myopia,3 suggesting that axial myopia could be a second candidate benefiting from IA.

In previous studies, IOL power calculation methods were mainly investigated on the accuracy when the target
refraction was emmetropia. However, intentional myopia is another choice of target refraction selected in clinical
settings. Patients with axial myopia often want to retain the myopia to maintain good vision at near-distance.
Additionally, it compensates for the risk of hyperopic surprise.4

To date, there have been few reports on the accuracy of IOL power calculation methods for eyes with a target of
intentional myopia. Altered performance of IOL calculation formulas has been suggested when targeting myopia
compared with emmetropia, but this conclusion remains uncertain.5–8 Moreover, the accuracy of IA when targeting
myopia has not been reported yet. The purpose of this study was to compare the accuracy of IA in predicting
postoperative refraction between eyes with target refractions of emmetropia and intentional myopia.

Materials and Methods
This retrospective study was performed in accordance with the Declaration of Helsinki and was approved by the Medical
Ethics Committee of Kobe City Medical Center General Hospital (Kobe, Japan). An opt-out method of informed consent was
used for this observational study involving the use of medical records. Patients who refused consent were excluded from the
study.We reviewed the medical records of patients with axial myopia (axial length ≥ 25.0 mm) who underwent uncomplicated
phacoemulsification cataract surgery with IA from December 2017 to November 2020 at Kobe City Eye Hospital. This study
included eyes with refractive targets of emmetropia (0 to −0.50 D) or intentional myopia (−2.00 to −5.00 D) regardless of IOL
type. Preoperative ocular biometry was performed using an IOLMaster 700 (Carl Zeiss Meditec, Jena, Germany). Surgeries
were performed by one of the nine surgeons in the Kobe City Eye Hospital. The manifest refraction at a follow-up visit
between one week and twomonths postoperatively was recorded as the postoperative refraction. If there weremultiple visits in
this period, the latest one was selected. Exclusion criteria included previous corneal refractive surgery (n = 9), lack of pre- and
postoperative data (n = 7), early postoperative complications (within two months) such as IOL dislocation (n = 1) or toric IOL
axis rotation (n = 3), postoperative corrected distance visual acuity worse than 20/40, and previous ocular surgery (trabecu-
lectomy: n = 4). Additionally, if both eyes of a patient were eligible (24 patients), one of them was randomly selected to
account for inter-eye correlation.9 Finally, 39 eyes of 39 patients with a target of emmetropia and 22 eyes of 22 patients with
a target of intentional myopia were included.

Preoperatively, IOL power was calculated using the surgeon’s preferred IOL calculation formula. Intraoperatively,
after cortical cleanup, each eye was inflated using an ophthalmic viscosurgical device, and an intraocular pressure of 20
mmHg was verified using a Barraquer tonometer. IA using the ORA system was then performed to measure the refractive
power of the aphakic eye, and a recommended IOL power was immediately obtained. When there was a discrepancy
between the IOL power suggested by the ORA system and that selected preoperatively, each surgeon was allowed to
choose either one or another power between them.

The predicted refraction (calculated with the power of the actually implanted IOL) obtained from IA and each
calculation formula integrated into the IOLMaster (Sanders, Retzlaff, and Kraft/theoretical [SRK/T]; Holladay 1; Hoffer
Q; Holladay 2; Haigis; and Barret Universal II formulas) were retrospectively recorded. A User Group for Laser
Interference Biometry-optimized IOL constant was used. In one myopia-targeted eye, the predicted refraction using
the Holladay 2 formula was unavailable due to data insufficiency. Prediction error was calculated by subtracting the
predicted refraction from the postoperative refraction (numerical error), and absolute error was defined as the absolute
value of the numerical error. A negative numerical error indicated a myopic error, and a positive numerical error
indicated a hyperopic error. The accuracy of IA was compared between eyes with refractive targets of emmetropia and
intentional myopia. Additionally, the accuracy of IA was compared with that of each IOL calculation formula.

All statistical analyses were performed using SPSS for Windows (version 25, SPSS Inc.). In both groups, categorical
variables were compared using the chi-square test, and continuous variables were compared using the Mann–Whitney
U-test. The one-sample t-test was used to determine whether the numerical error followed a normal distribution with
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a mean equal to zero for each group. Comparisons of the absolute error between IA and each IOL calculation formula
were performed using the Friedman test followed by the Wilcoxon signed-rank test with Bonferroni correction. Statistical
significance was set at p ≤ 0.05.

Results
A total of 61 eyes from 61 patients were included in the study. Thirty-four patients were female, and the mean (± standard
deviation) age of all participants was 66.9 ± 9.9 years. Multifocal IOLs were implanted in 28 eyes, all of which had
emmetropia as the target. Femtosecond laser-assisted cataract surgery was performed in four eyes with multifocal IOL
implantation. Toric IOLs were implanted in 20 eyes, of which 12 were emmetropia-targeted and eight were myopia-targeted.

Table 1 shows the characteristics of the participants and the implanted IOLs in eyes with targets of emmetropia and
intentional myopia. The participants with emmetropia-targeted eyes were significantly younger than those with myopia-
targeted eyes. There were no significant between-group differences in preoperative biometric values (axial length,
average keratometry, white to white), which were required for using IA.

A box and whisker plot of the prediction error of IA is shown in Figure 1, and the between-group comparison of the
prediction error is shown in Table 2. The mean numerical error of the myopia-targeted eyes (−0.37 ± 0.54 D) was
significantly smaller (relatively myopic) than that of the emmetropia-targeted eyes (0.04 ± 0.39 D, P = 0.001). The mean
numerical error of the emmetropia-targeted eyes was not significantly different from zero (one-sample t-test, P = 0.55,
95% confidence interval [CI]: −0.09 to 0.16). However, the mean numerical error of the myopia-targeted eyes was
significantly different from zero (myopic trend) (one-sample t-test, P = 0.004, 95% CI: −0.61 to −0.14). The mean
absolute error of the emmetropia-targeted eyes (0.28 ± 0.27 D) was significantly smaller than that of the myopia-targeted
eyes (0.51 ± 0.41 D, P = 0.01).

Table 1 Characteristics of the Patients and Implanted Intraocular Lenses

Target P value

Emmetropia (n = 39) Intentional Myopia (n = 22)

Age (years), mean ± SD 64.7 ± 8.6 70.7 ± 11.1 0.027*

Female, n (%) 24 (61.5%) 10 (45.5%) 0.225
Axial length (mm)

Mean ± SD 26.8 ± 1.5 26.7 ± 1.4 0.881

Median (IQR) 26.4 (2.1) 26.4 (2.1)
Range 25.1–31.3 25.2–30.9

Average keratometry (mm)
Mean ± SD 7.78 ± 0.43 7.64 ± 0.26 0.235

Median (IQR) 7.71 (0.44) 7.61 (0.32)

Range 7.01–9.65 7.12–8.14
White to white (mm)

Mean ± SD 12.0 ± 0.4 11.9 ± 0.4 0.249

Median (IQR) 12.0 (0.6) 11.9 (0.6)
Range 11.2–12.9 11.2–12.7

IOL power (D)

Mean ± SD 11.4 ± 3.7 16.2 ± 3.6 <0.001*
Median (IQR) 11.0 (5.0) 16.8 (3.9)

Range 1.0–21.0 7.5–21.0

Postoperative refraction
(spherical equivalent, D)

Mean ± SD 0.003 ± 0.42 −3.65 ± 0.85 <0.001*

Median (IQR) 0 (0.38) −3.44 (1.16)
Range −1.00 to 1.25 −5.88 to −2.50

Notes: *Significant at P < 0.05 (Mann–Whitney U-test).
Abbreviations: IOL, intraocular lens; SD, standard deviation; IQR, interquartile range.
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The comparisons of accuracy between IA and IOL calculation formulas for emmetropia-targeted eyes and myopia-targeted
eyes are shown in Tables 3 and 4, respectively. In emmetropia-targeted eyes, the mean absolute errors varied significantly
between the IOL calculation methods (P < 0.001, Friedman test). The mean absolute error of IAwas significantly smaller than
that of the Holladay 1, Hoffer Q, and Holladay 2 formulas (P < 0.001, < 0.001, and = 0.015, respectively). The mean absolute
error of IAwas also smaller than that of the SRK/T, Haigis, and Barrett Universal II formulas, although this difference was not
statistically significant. In myopia-targeted eyes, the mean absolute errors were not significantly different between the different
IOL calculation methods (P = 0.051, Friedman test). The mean absolute errors of the Holladay 2, Haigis, and Barrett Universal II
formulas were smaller than that of IA, although these differences were not statistically significant.

Figure 1 Box and whisker plots of the numerical (A) and absolute (B) errors of intraoperative aberrometry in eyes with target of emmetropia and intentional myopia. The
horizontal line in the box represents the median. The top and bottom of the box represent the upper and lower quartiles respectively. The whisker above the box
represents the values within 1.5 times the of interquartile range plus the upper quartile. The whisker below the box represents the values within 1.5 times of the
interquartile range minus the lower quartile. Values, which are not included between whiskers were plotted as outliers.

Table 2 Prediction Error of Intraoperative Aberrometry

Target P value

Emmetropia (n = 39) Intentional Myopia (n = 22)

Numerical error (D)
Mean ± SD 0.04 ± 0.39 −0.37 ± 0.54† 0.001*

Median (IQR) 0.06 (0.39) −0.38 (0.60)
Range −1.11 to 1.00 −1.50 to 0.79
Hyperopic error, n (%) 21 (53.8%) 5 (22.7%)

Myopic error, n (%) 18 (46.2%) 17 (77.3%)

Absolute error (D)
Mean ± SD 0.28 ± 0.27 0.51 ± 0.41 0.014*

Median (IQR) 0.18 (0.37) 0.40 (0.46)

Range 0.01–1.11 0.04–1.50
±0.25 D, n (%) 21 (53.8%) 8 (36.4%)

±0.50 D, n (%) 33 (84.6%) 14 (63.6%)

±0.75 D, n (%) 37 (94.9%) 17 (77.3%)
±1.00 D, n (%) 38 (97.4%) 19 (86.4%)

Notes: *Significant at P < 0.05 (Mann–Whitney U-test). †Significantly different from zero at P < 0.05 (one-sample t-test).
Abbreviations: SD, standard deviation; IQR, interquartile range.
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Discussion
The use of IA is expected to improve the refractive outcome of patients with axial myopia.3,10 Previous reports on IA
accuracy mainly focused on achieving emmetropia, although intentional myopia is another common choice for patients
with axial myopia. In this study, we aimed to investigate the influence of intentional myopia on the refractive prediction
of IA. We found that the performance of IA was altered when targeting intentional myopia compared with emmetropia.

There are limited studies in the available literature that have compared the accuracy of the IOL power calculation
methods between emmetropia- and myopia-targeted eyes. However, some of these studies suggested that the IOL power
calculation methods might be less accurate for targeting myopia compared with emmetropia. In a study conducted by
Geggel et al, the Haigis formula was less accurate when targeting myopia (−1.0 D) than when targeting emmetropia.11

Turnbull et al studied patients planned for monovision and reported that IOL power calculation formulas such as the
SRK/T, Holladay 1, Hoffer Q, Haigis, Barret Universal II, and Hill-RBF version 2.0 were all less accurate in eyes with
a target of myopia (−1.25 D) than in eyes with a target of emmetropia.6 The present study is the first to compare the
accuracy of IA between emmetropia- and myopia-targeted eyes. Our results suggested that similar to the IOL power
calculation formulas, IA might also be less accurate when targeting myopia (−2.5 to −5.0 D) than when targeting
emmetropia. When targeting emmetropia, IA was more accurate than any of the IOL power calculation formulas
preinstalled on the IOLMaster, which is consistent with a previous report.3 However, when targeting intentional myopia,
the superiority of IA was not found. Although there was no statistically significant difference in the accuracy of the IOL
power calculation methods in myopia-targeted eyes, the Barrett Universal II formula was the most accurate.

We observed a significant myopic shift on refractive outcome using IA in myopia-targeted eyes. Behndig et al studied
a large cohort of over 17,000 eyes and reported that eyes with a target of myopia (≤ −1.6 D) became more myopic than
planned preoperatively.12 Although their study had a limitation of inclusion of various formulas of IOL power calcula-
tion, the findings were similar to our results. Cooke et al previously reported a myopic trend in the refractive outcome
using SRK/T for targeting intentional myopia (≤ −1.5 D).7 Moreover, we recently reported that SRK/T, Holladay 1,
Hoffer Q, and Holladay 2 formulas showed a relative myopic trend in the refractive outcome when targeting intentional

Table 3 Comparison Between Accuracy of Intraoperative Aberrometry and Intraocular Lens Calculation Formulas in 39 Eyes with
Target of Emmetropia

IA SRK/T Holladay 1 Hoffer Q Holladay 2 Haigis Barrett Universal II

Absolute error (n = 39)

Mean ± SD 0.28 ± 0.27 0.38 ± 0.36 0.59 ± 0.40 0.56 ± 0.39 0.47 ± 0.37 0.44 ± 0.35 0.35 ± 0.33

Median (IQR) 0.18 (0.37) 0.26 (0.46) 0.58 (0.57) 0.47 (0.61) 0.36 (0.44) 0.37 (0.42) 0.27 (0.29)
Range 0.01–1.11 0.01–1.64 0.02–1.84 0.01–1.66 0.03–1.69 0.02–1.47 0.01–1.46

P value (vs IA) 0.121 <0.001* <0.001* 0.015* 0.311 0.513

Notes: The mean absolute errors varied significantly between the 7 groups (P < 0.001, Friedman test). *Significant at P < 0.05 vs intraoperative aberrometry (Wilcoxon
signed-rank test with Bonferroni correction).
Abbreviations: IA, intraoperative aberrometry; SD, standard deviation; SRK/T, Sanders, Retzlaff, and Kraft/theoretical.

Table 4 Comparison Between Accuracy of Intraoperative Aberrometry and Intraocular Lens Calculation Formulas in 22 Eyes with
Target of Intentional Myopia

IA SRK/T Holladay 1 Hoffer Q Holladay 2 Haigis Barrett Universal II

Absolute error (n = 22*)
Mean ± SD 0.51 ± 0.41 0.52 ± 0.38 0.67 ± 0.52 0.57 ± 0.40 0.47 ± 0.35 0.50 ± 0.40 0.39 ± 0.38

Median (IQR) 0.40 (0.46) 0.43 (0.59) 0.51 (0.74) 0.48 (0.62) 0.36 (0.44) 0.45 (0.50) 0.26 (0.43)

Range 0.04–1.50 0.03–1.36 0.03–1.94 0.09–1.59 0.03–1.69 0.06–1.40 0.01–1.40

Notes: The mean absolute errors were not significantly different between the 7 groups (P = 0.051, Friedman test). *Holladay 2: n = 21.
Abbreviations: IA, intraoperative aberrometry; SD, standard deviation; SRK/T, Sanders, Retzlaff, and Kraft/theoretical.
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myopia (−2.0 D to −3.0 D) as compared to emmetropia.8 Therefore, it might be helpful to take into consideration the
relative myopic shift in the refractive outcome for accurate targeting of myopia.

Why is the performance of IA altered when targeting myopia? We found no significant differences in ocular biometric
parameters between emmetropia-targeted eyes and myopia-targeted eyes. One suggested hypothesis is that the higher
IOL power required for targeting myopia enhances the effect of any inaccuracy in the calculation of predicted post-
operative refraction.6 To date, the detailed process by which the ORA system calculates the predicted postoperative
refraction is undisclosed. Further studies in this regard are required to explain the results of this study.

A major limitation of this study is that the implanted IOLs were not uniform. Different types of IOLs (monofocal,
multifocal, and toric) were used in this study. In particular, the selection of multifocal IOL was biased, which was
inevitable because multifocal IOL implantation is generally performed targeting emmetropia. Other limitations include
the retrospective design, relatively small sample size, and short follow-up time. Future studies with larger samples and
uniformity in IOL implantation are needed to validate the findings of this study.

Conclusion
The performance of IA was altered in eyes with a refractive target of intentional myopia compared with those with
a target of emmetropia. When IA is used to target myopia, myopic shift should be considered, and newer IOL power
calculation formulas, such as Barrett Universal II are recommended to be used concomitantly to achieve improved
refractive outcomes.

Abbreviations
CI, confidence interval; IA, intraoperative aberrometry; IOL, intraocular lens; ORA, optiwave refractive analysis; SRK/T,
Sanders, Retzlaff, and Kraft/theoretical.
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