Clinical Ophthalmology Dovepress

Taylor & Francis Group

ORIGINAL RESEARCH

Refractive Accuracy of Intraocular Lens Power
Calculation Formulas in Nonagenarians:
A Retrospective Study

Yoshiaki Kabata ', Isen Hayashi', Ryo Terauchi ', Tadashi Nakano (92

'Department of Ophthalmology, Jikei University School of Medicine, Daisan Hospital, Tokyo, Japan; 2Department of Ophthalmology, The Jikei
University School of Medicine, Tokyo, Japan

Correspondence: Yoshiaki Kabata, Department of Ophthalmology, Jikei University School of Medicine, Daisan Hospital, 4-11-1 Izumihontyou, Komae-si,
Tokyo, 125-8506, Japan, Tel +81 3 3480 | 151, Fax +81 3 3480 5700, Email kabata22 122@gmail.com

Purpose: To compare the refractive predictive accuracy of three intraocular lens (IOL) power calculation formulas (SRK/T, Barrett
Universal II, and Haigis) in patients aged 90 years and older.

Methods: This retrospective observational study included 62 eyes of 62 patients aged >90 years who underwent cataract surgery
between April 2021 and March 2023. All procedures were performed by a single surgeon using a single IOL model (HOYA XY1).
Preoperative biometry was performed using the IOL Master 700. The accuracy of each formula was evaluated by comparing the
predicted spherical equivalent to the manifest refraction at 3 months postoperatively. The primary outcome was the mean absolute
error (MAE) and root mean square absolute error (RMSAE), with secondary outcomes including the percentage of eyes within £0.5
D and +1.0 D of the predicted refraction.

Results: The mean age of the patients was 92.2 + 2.0 years. The MAE was 0.504 + 0.363 D for SRK/T, 0.441 + 0.339 D for Barrett
Universal II, and 0.503 + 0.388 D for Haigis. The RMSAE was 0.607 + 0.552 D for SRK/T, 0.532 £ 0.463 D for Barrett Universal II,
and 0.565 + 0.496 D for Haigis. No statistically significant difference in MAE and RMSAE was found among the three formulas (p =
0.12, p = 0.54). The proportion of eyes within 0.5 D of the predicted refraction was highest for the Barrett Universal II formula at
64.5%. Multivariate logistic regression analysis found no biometric parameters to be significant predictors of achieving a refractive
error within +0.5 D.

Conclusion: In patients aged >90 years, the SRK/T, Barrett Universal II, and Haigis formulas demonstrated comparable refractive
accuracy. In this demographic, overall refractive outcomes may be more influenced by the reliability of biometric measurements and
the minimization of intraoperative risks than by the choice of formula.
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Introduction

Japan, like many developed nations, has become a super-aged society, and the population aged >90 years is projected to
increase further in the coming decades.' Cataract remains the leading cause of reversible visual impairment in this
demographic, and achieving precise refractive outcomes after surgery is essential for maintaining independence and
quality of life (QOL).F‘ Modern intraocular lens (IOL) power calculation formulas, such as the Barrett Universal II and
Haigis, have demonstrated improved accuracy compared to older-generation formulas like SRK/T.”"'> However, most
validation studies have focused on younger or general elderly populations, with few specifically including patients over
90 years old.”*'*! This age group presents unique biometric and surgical challenges—such as zonular weakness, dense
nuclear sclerosis, fixation instability, and a higher prevalence of ocular comorbidities—that may compromise both the
reliability of preoperative biometry and the prediction of the effective lens position (ELP).>'*'> To our knowledge, few
studies have specifically examined refractive accuracy in nonagenarians.”*'*!> Therefore, this study aimed to compare
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the predictive performance of the SRK/T, Barrett Universal II, and Haigis formulas in patients aged >90 years and to
assess the influence of intraoperative and postoperative complications on refractive outcomes.

Methods

This retrospective observational study included 62 eyes of 62 patients aged >90 years who underwent cataract surgery at
Jikei University Daisan Hospital (Tokyo, Japan) between April 2021 and March 2023. This study was approved by the
ethics committee of Jikei University School of Medicine (approval number: 35-348-11980) and adhered to the tenets of
the Declaration of Helsinki. Informed consent was obtained from all participants.

Inclusion criteria were: age >90 years, uncomplicated phacoemulsification, and in-the-bag implantation of
a monofocal acrylic IOL (HOYA XY1). Exclusion criteria included: lens dislocation, severe corneal opacity or
irregularity, poor capsular fixation, capsular tension ring insertion, or insufficient postoperative follow-up. Eyes with
postoperative corneal or macular edema that precluded reliable refraction measurement were excluded from analysis.

All patients underwent measurement of best-corrected visual acuity (BCVA, logMAR), slit-lamp examination, and
dilated funduscopy. Biometry was performed using optical coherence biometry (IOL Master 700, Carl Zeiss Meditec),
including axial length (AL), anterior chamber depth (ACD), lens thickness (LT), and mean keratometry (mean K). Pre-
existing ocular comorbidities, such as glaucoma, diabetic retinopathy, and age-related macular degeneration, were
recorded.

All procedures were performed by a single experienced surgeon (Y.K.) under topical anesthesia. A 2.4-mm
corneoscleral incision and phacoemulsification were performed, and a HOYA XY 1 monofocal acrylic IOL was implanted
in the capsular bag. The A-constant recommended by the manufacturer for the HOYA XY1 IOL was applied without
additional optimization. When both eyes were eligible, only the right eye was included in the analysis.

At 3 months postoperatively, manifest refraction was obtained, and the spherical equivalent (SE) was calculated. The
predicted SE for each formula (SRK/T, Barrett Universal 11, Haigis) was derived from the IOL Master 700. The SRK/T,
Barrett Universal 11, and Haigis formulas, which are the default settings in the IOL Master 700 in Japan, were used for
refractive prediction.

The absolute refractive error (ARE) was calculated as the absolute difference between the predicted and postoperative
SE: |predicted SE — postoperative SE|.

The primary outcome was the mean absolute error (MAE) and root mean square absolute error (RMSAE). Secondary
outcomes included the median absolute error (MedAE), the percentage of eyes within £0.5 D and +1.0 D of the predicted
refraction, and the incidence of intraoperative and postoperative complications. Predictors of a successful outcome (ARE
< 0.5 D) were evaluated using multivariate logistic regression.

MAEs and RMSAEs were compared among formulas using the Friedman test, followed by Wilcoxon signed-rank
tests with Bonferroni correction for post hoc analysis. The percentages of eyes within specific refractive targets were
compared using McNemar’s test. The logistic regression model included AL, ACD, LT, mean K, and corneal diameter as
independent variables. P-value <0.05 was considered statistically significant. Statistical analysis was performed using
JMP®16 (SAS Institute Inc., Cary, NC).

Results

A total of 62 eyes from 62 patients were included in the analysis. The mean age was 92.2 + 2.0 years, and 74.2% (46/62)
were female. The mean preoperative BCVA was 0.69 = 0.49 logMAR, which improved to 0.27 + 0.42 logMAR
postoperatively (Table 1).

Pre-existing ocular comorbidities were present in 38.7% of eyes, most commonly glaucoma (22.6%), followed by age-
related macular degeneration (8.1%), diabetic retinopathy (4.8%), corneal opacity (1.6%), and retinal vein occlusion (1.6%).
Intraoperative complications included poor pupil dilation (12.9%) and iridodialysis (9.7%). Postoperative complications
were relatively uncommon, consisting of corneal edema in 6.5% and cystoid macular edema in 1.6% of eyes (Table 2).

The refractive prediction errors of the three formulas are summarized in Table 3. The MAE was 0.504 + 0.363 D for
SRK/T, 0.441 + 0.339 D for Barrett Universal II, and 0.503 + 0.388 D for Haigis. The RMSAE was 0.607 = 0.552 D for
SRK/T, 0.532 + 0.463 D for Barrett Universal I, and 0.565 + 0.496 D for Haigis. The MedAE was 0.415 D, 0.375 D, and
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Table | Patient Demographics and Ocular Characteristics

Variable Mean % SD or n (%) Range
Demographics

Age (years) 922 £20 90-98
Female 46 (74%)

Male 16 (26%)

Visual acuity

Preoperative BCVA (logMAR) 0.69 + 0.49 0.1-2.0
Postoperative BCVA (logMAR) 0.27 + 0.42 0-0.82
Ocular biometry

Axial length (mm) 2331 £ 1.10 21.28-25.75
Anterior chamber depth (mm) 2.90 + 0.40 2.41-3.92
Lens thickness (mm) 4.87 +0.32 4.24-5.58
Corneal diameter (mm) 11.6 + 0.42 10.6—13.5
Mean keratometry (mm) 7.56 + 0.24 7.19-8.18
Kl (mm) 7.66 £ 0.26 7.11-845
K2 (mm) 746 £ 0.23 7.16-8.02
Implanted IOL power (D) 20.45 + 3.50 8.0-26.0

Abbreviations: BCVA, best corrected visual acuity; K, keratometry; IOL, intraocular lens.

Table 2 Comorbidities, Intraoperative

Findings, and

Complications

Postoperative

Variable

Comorbidities

Glaucoma

Corneal opacity

Poor pupil dilation
Iridodialysis

Corneal edema

Macular edema

Diabetic retinopathy

Macular degeneration

Retinal vein occlusion

Intraoperative findings

Postoperative complications

——WWI

Table 3 Predictive Accuracy of Intraocular Lens Power Calculation Formulas

Formula | Mean Absolute | Root Mean Square Median 205D (%) | £1.0D (%)
Error £ SD (D) | Absolute Error £ SD (D) | Absolute Error (D)

SRK/T 0.504 + 0.363 0.607 + 0.552 0.415 54.8 91.9

Barrett 0.441 + 0.339 0.532 + 0.463 0.375 64.5 93.5

Haigis 0.503 + 0.388 0.565 + 0.496 0.438 51.6 85.5

0.438 D, respectively. The proportion

of eyes within +0.5 D of predicted refraction was 54.8% for SRK/T, 64.5% for
Barrett Universal II, and 51.6% for Haigis, while the proportion within +£1.0 D was 91.9%, 93.5%, and 85.5%,
respectively. The Friedman test revealed no statistically significant difference in MAE (x> = 4.25, p = 0.12) and
RMSAE (x> = 1.25, p = 0.54) among the three formulas.
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Table 4 Logistic Regression Analysis for Predictors of Refractive Accuracy (Success Defined as Prediction Error Within 0.5 D)

Predictor SRKITOR (95% Cl) | p | Barrett OR (95% ClI) | p | Haigis OR (95% CI) | p
Axial length (mm) .30 (0.52-3.57) 0.58 | 1.52 (0.54-4.91) 0.45 | 1.96 (0.80-5.53) 0.17
Anterior chamber depth (mm) | 0.84 (0.04—16.58) 091 | 1.78 (0.09-41.40) 071 | 0.25 (0.01-4.01) 033
Lens thickness (mm) 485 (0.49-61.31) 0.19 | 5.58 (0.53-78.24) 0.17 | 0.42 (0.04-3.94) 0.45
Corneal diameter (mm) 1.79 (0.42-10.42) 047 | 1.49 (0.33-8.79) 0.63 | 1.02 (0.25-4.49) 0.98
Mean keratometry (mm) 3.14 (0.17-58.04) 043 | 0.64 (0.02-14.21) 0.78 | 0.89 (0.05-14.23) 0.93

Multivariate logistic regression analysis was performed to evaluate the effect of biometric parameters (axial length,
anterior chamber depth, lens thickness, corneal diameter, and mean keratometry) on refractive accuracy (Table 4). No
parameter was found to be a significant predictor of achieving an absolute refractive error <0.5 D for any of the three
formulas (all p > 0.05).

Discussion

This study is one of the few investigations to evaluate the refractive accuracy of three IOL power calculation formulas in
patients aged >90 years. We found no statistically significant differences in MAE among the SRK/T, Barrett Universal I,
and Haigis formulas. This finding contrasts with previous reports demonstrating the superiority of the Barrett Universal 11
over older-generation formulas in general elderly populations.'®!'%'¢ Although the differences among formulas did not
reach statistical significance, the Barrett Universal II consistently showed the lowest mean and median absolute errors in
our cohort. This trend, while not statistically significant, may still be clinically meaningful, as it reflects the enhanced
modeling of effective lens position incorporated in the Barrett Universal Il formula. Considering the small sample size
and the inherently higher measurement variability in nonagenarians, the observed numerical trend in favor of Barrett
Universal II should be regarded as clinically relevant.

Several factors may account for this discrepancy. First, zonular laxity, common in this age group due to cumulative
oxidative and mechanical stress, can lead to postoperative IOL tilt or decentration. This may reduce the accuracy of ELP
prediction, even with advanced formulas.'” Second, obtaining reliable preoperative biometry in nonagenarians is often
challenging due to fixation difficulties, ocular surface irregularities, and dense nuclear sclerosis. This can introduce
variability that masks performance differences among the formulas.'® Third, the presence of eyes with extreme axial
lengths, which is not uncommon in this population, may have disproportionately influenced mean errors.

Furthermore, nearly 40% of our cohort had ocular comorbidities that could have confounded refractive outcomes. For
instance, glaucomatous changes or macular degeneration can impair fixation, thereby compromising the accuracy of both
preoperative measurements and postoperative subjective refraction.

Clinically, the finding that over 90% of eyes in some groups achieved outcomes within £1.0 D suggests that
acceptable refractive accuracy is attainable in this population, regardless of the formula chosen. For nonagenarians,
minimizing surgical risks and ensuring stable IOL fixation may be more critical to postoperative QOL than the selection
of a specific formula. Future advances, such as Al-driven formulas (eg, Kane, Hill-RBF), may offer improved
performance, but their success will also depend on enhancing the precision and reproducibility of biometry in this
challenging patient group.'? Incorporating patient-reported outcome measures (PROMs) will also be valuable for better
capturing the functional and QOL benefits of cataract surgery in nonagenarians.

Strengths and Limitations

A key strength of this study is its use of a single surgeon and a single IOL model, which minimized confounding factors
related to surgical technique and IOL constants. However, several limitations should be acknowledged. First, this was
a retrospective, single-center study with a limited sample size, which may restrict the generalizability of our findings.
Second, the retrospective design prevented a quantitative assessment of how intraoperative and postoperative complica-
tions contributed to refractive error. Third, the limited sample size precluded a robust subgroup analysis based on axial
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length (eg, short, normal, and long eyes). It is well established that eyes with extreme axial lengths are prone to greater

prediction errors,® ! %2

making this an important area for future investigation in this population.
Considering these limitations, larger, prospective, multicenter studies are warranted. Such studies should incorporate

stratification by ocular comorbidity and axial length, as well as PROMs, to provide a more comprehensive evaluation.

Conclusion

In patients aged >90 years, the SRK/T, Barrett Universal 1I, and Haigis formulas demonstrated comparable overall
refractive accuracy. However, the consistently lower mean and median absolute errors observed with the Barrett
Universal II suggest a clinically meaningful advantage in predicting postoperative refraction, even though statistical
significance was not reached. In this age group, refractive outcomes are likely to be influenced more by the reliability of
biometric measurements, the presence of ocular comorbidities, and the minimization of intraoperative risks than by
formula selection alone. Larger, prospective multicenter studies are warranted to further validate these findings and to
refine refractive prediction in this super-aged population.

Disclosure
The authors declare no conflicts of interest in this work.

References

[

. Nakatani H. Population aging in Japan: policy transformation, sustainable development goals, universal health coverage, and social determinates of
health. Global Health Med. 2019;1(1):3—10. doi:10.35772/ghm.2019.01011
2. Mutoh T, Isome S, Matsumoto Y, Chikuda M. Cataract surgery in patients older than 90 years of age. Can J Ophthalmol. 2012;47(2):140-144.
doi:10.1016/j.jcjo.2012.01.009
. Nussinovitch H, Tsumi E, Tuuminen R, et al. Cataract surgery in very old patients: a case-control study. J Clin Med. 2021;10(20):4658.
doi:10.3390/jcm10204658
4. Sella R, Chou L, Schuster AK, Gali HE, Weinreb RN, Afshari NA. Accuracy of IOL power calculations in the very elderly. Eye. 2020;34
(10):1848-1855. doi:10.1038/s41433-019-0752-0
. Abulafia A, Hill W, Koch D, Wang L, Barrett G. Accuracy of the Barrett True-K formula for intraocular lens power prediction after laser in situ
keratomileusis or photorefractive keratectomy for myopia. J Cataract Refract Surg. 2016;42:363. doi:10.1016/j.jcrs.2015.11.039
6. Aristodemou P, Cartwright NK, Sparrow J, Johnston R. Formula choice: Hoffer Q, Holladay 1, or SRK/T and refractive outcomes in 8108 eyes
after cataract surgery with biometry by partial coherence interferometry. J Cataract Refract Surg. 2011;37:63. doi:10.1016/j.jcrs.2010.07.032
7. Carmona-Gonzalez D, Castillo-Gomez 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;31:2370-2376. doi:10.1177/1120672120962030
8. Cooke D, Cooke T. Comparison of 9 intraocular lens power calculation formulas. J Cataract Refract Surg. 2016;42:1157. doi:10.1016/j.
jers.2016.06.029
9. Chang P, Qian S, Wang YL, et al. Accuracy of new-generation intraocular lens calculation formulas in eyes with variations in predicted refraction.
Graefes Arch Clin Exp Ophthalmol. 2022;261:127-135. doi:10.1007/s00417-022-05748-w
10. Kane JX, Van Heerden A, Atik A, Petsoglou C. Intraocular lens power formula accuracy: comparison of 7 formulas. J Cataract Refract Surg.
2016;42(10):1490-1500. doi:10.1016/j.jcrs.2016.07.021
11. Kim JS, Kim SW. Comparison of prediction accuracy of four intraocular lens power calculation formulas for presbyopia-correcting intraocular lens.
Annals Optometry Contact Lens. 2025. doi:10.52725/a0cl.2025.24.1.19
12. Melles RB, Holladay JT, Chang WIJ. Accuracy of intraocular lens calculation formulas. Ophthalmology. 2018;125(2):169-178. doi:10.1016/].
ophtha.2017.08.027
13. Nishida S, Inomata Y, Hirata A. Risk factors for postoperative refractive error in new-generation intraocular lens calculation formulas. Clin
Ophthalmol. 2024;18:2253-2259. doi:10.2147/OPTH.S471393
14. Koga Y, Kojima K, Yoshii K, et al. Prediction error of intraocular lens power calculation in very elderly patients over 90 years old. Current Eye
Res. 2021;46(8):1148-1153. doi:10.1080/02713683.2020.1858486
15. Reitblat O, Gali HE, Chou L, et al. Intraocular lens power calculation in the elderly population using the Kane formula in comparison with existing
methods. J Cataract Refract Surg. 2020;46(11):1501-1507. doi:10.1097/j.jcrs.0000000000000308
16. Cheng H, Kane J, Liu L, Li J, Cheng B, Wu M. Refractive predictability using the IOLMaster 700 and artificial intelligence-based IOL power
formulas compared to standard formulas. J Refract Surg. 2020;36(7):466—472. doi:10.3928/1081597X-20200514-02
17. Gokee SE, Zeiter JH, Weikert MP, Koch DD, Hill W, Wang L. Intraocular lens power calculations in short eyes using 7 formulas. J Cataract
Refiract Surg. 2017;43(7):892-897. doi:10.1016/j.jcrs.2017.07.004
18. Shajari M, Kolb CM, Petermann K, et al. Comparison of 9 modern intraocular lens power calculation formulas for a quadrifocal intraocular lens.
J Cataract Refract Surg. 2018;44(8):942-948. doi:10.1016/j.jcrs.2018.05.021
19. Ma Y, Xiong R, Liu Z, et al. Network meta-analysis of intraocular lens power calculation formula accuracy in 1016 eyes with long axial length. Am
J Ophthalmol. 2024;257:178-186.
20. Darcy K, Gunn D, Tavassoli S, Sparrow J, Kane J. Assessment of the accuracy of new and updated intraocular lens power calculation formulas in
10930 eyes from the UK National Health Service. J Cataract Refract Surg. 2020;46(1):2—7. doi:10.1016/j.jcrs.2019.08.014

W

W

Clinical Ophthalmology 2025:19 heeps: 4385


https://doi.org/10.35772/ghm.2019.01011
https://doi.org/10.1016/j.jcjo.2012.01.009
https://doi.org/10.3390/jcm10204658
https://doi.org/10.1038/s41433-019-0752-0
https://doi.org/10.1016/j.jcrs.2015.11.039
https://doi.org/10.1016/j.jcrs.2010.07.032
https://doi.org/10.1177/1120672120962030
https://doi.org/10.1016/j.jcrs.2016.06.029
https://doi.org/10.1016/j.jcrs.2016.06.029
https://doi.org/10.1007/s00417-022-05748-w
https://doi.org/10.1016/j.jcrs.2016.07.021
https://doi.org/10.52725/aocl.2025.24.1.19
https://doi.org/10.1016/j.ophtha.2017.08.027
https://doi.org/10.1016/j.ophtha.2017.08.027
https://doi.org/10.2147/OPTH.S471393
https://doi.org/10.1080/02713683.2020.1858486
https://doi.org/10.1097/j.jcrs.0000000000000308
https://doi.org/10.3928/1081597X-20200514-02
https://doi.org/10.1016/j.jcrs.2017.07.004
https://doi.org/10.1016/j.jcrs.2018.05.021
https://doi.org/10.1016/j.jcrs.2019.08.014

Kabata et al

21. Tan Q, Lin D, Wang L, et al. Comparison of IOL power calculation formulas for a trifocal IOL in eyes with high myopia. J Refract Surg. 2021;37
(8):538-544. doi:10.3928/1081597X-20210506-01

22. Mo E, Chen Z, Feng K, et al. Accuracy of modern intraocular lens formulas in highly myopic eyes implanted with plate-haptic intraocular lenses.
Am J Ophthalmol. 2024. doi:10.1016/j.aj0.2024.04.017

Clinical Ophthalmology Dovepress

Taylor & Francis Group
Publish your work in this journal

Clinical Ophthalmology is an international, peer-reviewed journal covering all subspecialties within ophthalmology. Key topics include: Optometry;
Visual science; Pharmacology and drug therapy in eye diseases; Basic Sciences; Primary and Secondary eye care; Patient Safety and Quality of Care
Improvements. This journal is indexed on PubMed Central and CAS, and is the official journal of The Society of Clinical Ophthalmology (SCO). The
manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.
dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/clinical-ophthalmology-journal

. Clinical Ophthalmology 2025:19
4386 X in O P &


https://doi.org/10.3928/1081597X-20210506-01
https://doi.org/10.1016/j.ajo.2024.04.017
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Methods
	Results
	Discussion
	Strengths and Limitations

	Conclusion
	Disclosure

