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Purpose: We evaluated the refractive accuracy of the Optiwave Refractive Analysis (ORA) system in eyes implanted with a new- 
material trifocal intraocular lens (IOL), CNWT (Clareon PanOptix), and compared it to preoperative IOL power calculation formulas.
Patients and Methods: In this multicenter, prospective, observational study, CNWTT0 was implanted based on intraoperative ORA 
measurements. The absolute refractive prediction error (RPE) and the percentage of eyes with the absolute RPE were compared 
between ORA and three formulas: Sanders–Retzlaff–Kraff/Theoretical (SRK/T), Barrett Universal II (Barrett U II), and Haigis. 
Monocular uncorrected distance (UCVA), intermediate (UIVA), and near visual acuity (UNVA) were evaluated.
Results: Seventy-eight eyes (78 patients) were included. Mean absolute RPE for ORA, SRK/T, Barrett U II, and Haigis were 0.24 ± 
0.20, 0.28 ± 0.20, 0.23 ± 0.19, and 0.35 ± 0.24 diopters (D), respectively. ORA showed significantly lower absolute RPE than Haigis 
(p<0.001), but no significant difference from SRK/T and Barrett U II. Significant differences were also found between Barrett U II and 
SRK/T (p<0.004) and between Barrett U II and Haigis formulas (p<0.0001). The percentage of eyes with an absolute RPE ≤ 0.25 
D was significantly higher with ORA (61.5%) and Barrett U II (65.4%) than those with SRK/T and Haigis (p<0.05 for both 
comparisons). No significant differences were observed for the absolute RPE ≤ 0.5 D among the groups. The mean ± standard 
deviation UCVA, UIVA, and UNVA were −0.01 ± 0.07, 0.08 ± 0.12, and 0.06 ± 0.10 logMAR, respectively.
Conclusion: The ORA system provides accurate refractive prediction and favorable clinical outcomes for the new trifocal IOL. 
Whereas its accuracy was comparable to that of the Barrett Universal II formula, the ORA system achieved more favorable outcomes 
than conventional formulas. Integrating intraoperative validation with preoperative calculations offers a robust strategy to minimize 
refractive surprises and optimize clinical results.
Keywords: CNWT, refractive prediction error, IOL power calculation, presbyopia correction

Introduction
Phacoemulsification surgery with intraocular lens (IOL) implantation is the standard treatment for age-related cataracts. 
Although monofocal IOLs offer good visual acuity at a single focal point, most patients who receive monofocal IOL 
require spectacles. Presbyopia-correcting IOLs, such as multifocal IOLs, have been reported to reduce spectacle 
dependence compared with monofocal IOLs.1,2 Among them, trifocal IOLs are the latest generation and can provide 
good visual acuity at near, intermediate, and distance ranges, thereby offering a high potential for spectacle 
independence;3–5 however, uncorrected distance visual acuity (UCVA) in eyes implanted with trifocal IOL may still 
be affected by small refractive errors, even as minimal as ± 0.5 diopters (D) of myopia or hyperopia.6

To minimize refractive error, several new IOL power calculation formulas, such as the KANE, O formula, and Pearl- 
DGS, have been developed, demonstrating improved refractive accuracy.7–9 In contrast, Barrett Universal II (Barrett 
U II), Sanders–Retzlaff–Kraff/Theoretical (SRK/T), and Haigis formulas remain widely used in clinical practice in Japan 
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and are, therefore, important comparators in real-world settings. In addition to these formulas, other advanced technol
ogies have been developed to achieve good refractive accuracy, including the intraoperative wavefront aberrometer and 
Optiwave Refractive Analysis (ORA) system (Alcon Vision LLC, Fort Worth, TX, USA).10 The ORA system measures 
ocular refraction intraoperatively after the removal of the crystalline lens. Conceptually, this offers a fundamental 
advantage owing to the direct measurement of the aphakic refraction that incorporates the total corneal power, including 
posterior corneal astigmatism, in the actual surgical state rather than reliance solely on preoperative anatomical 
measurements and predictive algorithms. Indeed, Reitblat et al11 reported that in eyes with high posterior corneal 
astigmatism (> 0.80 D), utilizing measured posterior corneal astigmatism using ORA yields higher accuracy than 
predicted posterior corneal astigmatism. Similarly, in previous studies, such optimization based on real-time ORA 
measurements significantly reduced residual astigmatism in toric IOL implantation compared with the conventional 
IOL calculation formulas.12,13 Furthermore, its integrated analyzer database equipped with the ORA system can store the 
pre-, intra-, and postoperative data of the patient and globally optimize surgical factors to improve refractive accuracy.14 

Although the benefits of ORA have been well-established, it is worth validating whether its high accuracy is maintained 
with new material platforms.

Recently, a new trifocal IOL made of hydrophobic acrylic, known as CNWT (Clareon PanOptix, Alcon Vision LLC, 
Fort Worth, TX, USA), was developed. CNWT replaces phenylethyl methacrylate with hydroxyethyl methacrylate, 
resulting in a material with 1.5% water content. This material change is expected to improve optical clarity and reduce 
the risk of long-term glistening and surface light scattering. The CNWT IOL also features a 4.5-mm non-apodized 
diffractive zone and incorporates ENLIGHTEN™ optical technology, which redistributes light energy to enhance 
distance vision and contrast sensitivity. Although CNWT and TFNT (AcrySof PanOptix, Alcon Vision LLC, Fort 
Worth, TX, USA) differ in material composition, they share the same optical design, offering +2.17 D of intermediate 
add power and +3.25 D of near add power at the IOL plane. CNWT is now used worldwide, and some studies have 
reported that CNWT offers significantly better contrast sensitivity than TFNT.15,16

Several studies have shown that, in eyes implanted with TFNT, the refractive accuracy of the ORA system is 
significantly higher than that of traditional preoperative IOL power calculation formulas, such as the SRK/T and Barrett 
U II.17–19 However, no studies have yet compared the refractive accuracy of the ORA system and conventional IOL 
formulas in eyes implanted with CNWT. Therefore, it is important for cataract surgeons to determine whether the ORA 
system provides equivalent or superior refractive prediction in CNWT.

Whereas newer-generation formulas such as Kane and Pearl-DGS have recently achieved excellent precision, Barrett 
U II and SRK/T remain widely used in Japanese clinical practice owing to their integration into standard biometers. The 
purpose of this prospective, multicenter study was to evaluate the refractive accuracy of the ORA system compared with 
these conventional preoperative formulas in eyes implanted with a new trifocal IOL material, CNWT.

Materials and Methods
Participants
This multicenter (five-facility), prospective, observational study was conducted between October 2022 and 
November 2023. The study protocol was approved by the Institutional Review Board of the Advanced 
Ophthalmological Medical Management Society (Hyogo, Japan) on July 28, 2022, and was conducted in accordance 
with the tenets of the Declaration of Helsinki and Ethical Guidelines for Medical and Biological Research involving 
human participants in Japan. All patients were properly counseled and provided written informed consent.

Eligible patients were aged ≥ 20 years and scheduled for cataract surgery with implantation of the Clareon PanOptix IOL 
model CNWTT0. Additional inclusion criteria were an expected postoperative corrected distance visual acuity (CDVA) of 
20/30 or better (Snellen notation). Exclusion criteria consisted of preoperative and intraoperative factors. Preoperative 
exclusion criteria included regular corneal astigmatism of ≥ 1.25 D, irregular corneal astigmatism on corneal topography, 
history of corneal refractive surgery, additional ocular surgery within 3 months, ocular diseases other than cataracts, and the 
use of medications that could affect postoperative vision. Intraoperative exclusion criteria were corneal pathology interfering 
with intraoperative ORA measurements and intraoperative complications, such as posterior capsule rupture.
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To avoid intra-subject correlation, only one eye per patient was included in the analysis. For patients who underwent 
bilateral surgery, the first-operated eye was selected.

Surgery
Preoperative examinations were performed using a swept-source optical coherence tomography (SS-OCT) biometer 
ARGOS® (ARGOS, Alcon Vision LLC, Fort Worth, TX, USA). Preoperative IOL power calculations using the SRK/T, 
Barrett U II, and Haigis formulas were performed using the ARGOS planning module. Optimized IOL constants for each 
IOL power calculation formula were used for each study site.

Cataract surgery with phacoemulsification and IOL implantation was performed at five surgical sites by four 
experienced surgeons (Y.O., Y.M., Y.K., and Y.M). The surgery was performed through a clear 2.4-mm corneal incision, 
and a continuous curvilinear capsulorhexis was created. After removing the cataract using the phacoemulsification and 
aspiration technique with the Centurion® Vision System (Alcon Vision LLC, Fort Worth, TX, USA), the anterior 
chamber was pressurized using a cohesive ophthalmic viscosurgical device (OVD; ProVisc®, Alcon Vision LLC, Fort 
Worth, TX, USA); intraoperative wavefront measurements were performed using the ORA system.

To maximize measurement precision and reproducibility, a strict standardized protocol was followed in accordance 
with the manufacturer’s instructions. First, an intraocular pressure of 21 mmHg was confirmed using a Barraquer 
tonometer. To eliminate potential sources of error, surgeons strictly confirmed that the capsular bag and anterior chamber 
were uniformly filled with the OVD without air bubbles or corneal folds. They also confirmed the absence of excessive 
edema at the incision site and that the lid speculum and eyelids were positioned at least 1 mm away from the corneal 
limbus to avoid any mechanical distortion of the globe. During capture, the microscope was focused on the corneal 
vertex with the surgical illumination turned off, and patients were instructed to fixate on the red light. Stable corneal 
hydration was maintained while avoiding excess moisture on the conjunctiva to ensure a clear, stable red reflex. 
Sequential measurements were performed at least three times to confirm stability, and the median value was adopted 
for intraoperative IOL power selection. These operational steps were standardized across all surgical sites to minimize 
inter-institutional variability.

CNWTT0 trifocal IOLs were implanted into the capsular bag. The implanted IOLs targeted emmetropia or slight 
myopia. The final IOL power was determined at the discretion of each surgeon, based on a comprehensive assessment of 
both the preoperative IOL power calculated using formulas and the intraoperative ORA recommendations. Three of the 
five centers used the LenSx® femtosecond laser system (Alcon Vision LLC, Fort Worth, TX, USA) for anterior 
capsulotomy and lens fragmentation, whereas two centers performed these steps manually. The remaining surgical 
steps were standardized across all centers.

Endpoints and Postoperative Examination
The primary endpoint was the absolute refractive prediction error (RPE) in all eyes. Additional endpoints included the 
percentage of eyes with an absolute RPE of ≤ 0.25 D, ≤ 0.50 D, ≤ 0.75 D, and ≤ 1.0 D, as well as monocular CDVA, 
UCVA, uncorrected intermediate visual acuity (UIVA), and uncorrected near visual acuity (UNVA).

RPE for the ORA and each IOL power calculation formula was defined as the difference between the predicted 
refractive spherical equivalent (SE) and the actual SE measured by subjective refraction at 3 months postoperatively. 
Visual acuity and refraction were assessed using a Landolt ring chart at 5 m. Monocular CDVA, UCVA, corrected 
intermediate visual acuity (CIVA) and UIVA at 60 cm, corrected near visual acuity (CNVA) and UNVA at 40 cm, and 
subjective refraction were evaluated at 3 months postoperatively.

Statistical Analysis
Statistical analysis was performed using JMP® 18 software (SAS Inc, Cary, NC, USA). Based on a post-hoc assessment, 
the final sample size of 78 eyes was adequate to achieve a statistical power of 92.4% to detect a mean difference of 0.07 
D in absolute RPE between groups, assuming a standard deviation (SD) of 0.18 D and using a paired t-test with a two- 
sided significance level of 5%.
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Following a previously reported method, the mean RPE was adjusted to zero for the ORA and each IOL calculation 
formula to eliminate systematic errors from the chosen IOL constant.20 In addition, monocular CDVA, CIVA, CNVA, 
UCVA, UIVA, and UNVA were converted to logarithms of the minimum angle of resolution (logMAR) visual acuity, and 
the mean and SD values were calculated.

Absolute RPE values for the ORA system and for the IOL power calculation formulas (SRK/T, Barrett U II, and 
Haigis) were reported as mean, SD, mode, and median. The rate of absolute RPE (≤ 0.25 D, ≤ 0.50 D, ≤ 0.75 D, and ≤ 
1.0 D) was described as percentages.

The paired t-test and Wilcoxon signed-rank test were used to compare the mean and absolute RPE between the 
groups. McNemar’s test was used to compare the rate of absolute RPE between groups. Additionally, heteroscedasticity 
was evaluated to compare the variability of RPE between the ORA system and each formula.

To further assess the distribution of RPE and identify outliers, frequency distribution histograms were constructed in 
0.25 D increments to show the percentage of eyes and determine the mode. Furthermore, scatterplots were generated to 
evaluate the relationship between predicted and achieved SE values, as well as the correlation between RPE and axial 
length (AL), to evaluate predictive accuracy and trends in prediction errors for each formula. In all cases, p < 0.05 was 
considered statistically significant.

Results
Patient Demographics
Overall, 78 eyes from 78 participants underwent CNWTT0 IOL implantation following cataract removal at the five study 
sites. The mean age of participants was 65.6 ± 10.1 years. Of the participants, 65.4% were female and 34.6% were male. 
Additional demographic characteristics are presented in Table 1.

Absolute RPE
The mean ± SD values of the absolute RPE using the ORA, SRK/T, Barrett U II, and Haigis formulas were 0.24 ± 0.20, 0.28 ± 
0.20, 0.23 ± 0.19, and 0.35 ± 0.24 D, respectively. The absolute RPE with ORA was significantly lower than Haigis (p = 0.001) 
but not significantly different from that with SRK/T and Barrett U II. Significant differences were also observed between 
Barrett U II and SRK/T (p = 0.004) and between Barrett U II and Haigis (p = 0.0001) (Figure 1). The median absolute RPE for 
ORA was 0.16 D, the lowest among all formulas (SRK/T: 0.25 D, Barrett U II: 0.18 D, Haigis: 0.30 D).

Figure 2 shows the percentage of eyes with an absolute RPE of ≤ 0.25 D, ≤ 0.50 D, ≤ 0.75 D, and ≤ 1.0 D. The 
percentage of eyes with absolute RPE within 0.25 D for ORA, SRK/T, Barrett U II, and Haigis were 61.5%, 50.0%, 
65.4%, and 42.3%, respectively, and those within 0.5 D were 87.2%, 85.9%, 87.2%, and 76.9%, respectively. The 
percentage of eyes with the absolute RPE within 0.25 D was significantly higher with ORA than with the SRK/T (p = 
0.028) and Haigis formulas (p = 0.004), whereas no significant differences were observed between ORA and Barrett U II 
formulas. In addition, the Barrett U II formula showed a higher percentage of the absolute RPE within 0.25 D than the 
SRK/T (p = 0.003) and Haigis (p = 0.002) formulas. No significant differences were observed in the rate of RPE within 
0.5 D, 0.75 D, and 1.0 D among the groups.

Table 1 Patient Demographics

Mean ± SD

Axial length (mm) 24.35 ± 1.44

Anterior chamber depth (mm) 3.36 ± 0.41

Preoperative UCVA (5 m) (logMAR) 0.76 ± 0.44
Preoperative MRSE (D) −1.62 ± 3.61

Preoperative refractive cylinder (D) −0.76 ± 0.71

Abbreviations: UCVA, uncorrected distance visual acuity; D, 
diopter; logMAR, logarithm of the minimum angle of resolution; 
MRSE, manifest refraction spherical equivalent; SD, standard 
deviation.
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In the analysis of heteroscedasticity, both the ORA (SD: 0.31 D) and the Barrett U II (SD: 0.30 D) demonstrated 
significantly lower variability in prediction errors than the Haigis (SD: 0.42 D) (p = 0.005 and p = 0.002, respectively). 
No significant heteroscedasticity was observed among the other formulas.

Distribution of RPE and Scatterplots
Figure 3 shows the percentage of eyes with RPE in 0.25 D increments. The mode for ORA (41.0%), Barrett U II (38.5%), 
and SRK/T (26.9%) was located in the 0 D bin. In contrast, the mode for the Haigis was observed in the 0.25 to 0.50 
D range (23.5%). When comparing the distribution patterns, ORA and Barrett U II demonstrated a higher degree of 
concentration in the 0 D bin, forming a sharper peak than SRK/T. Regarding outliers, ORA, Barrett U II, and SRK/T 
showed no eyes (0.0%) with a large refractive miss of ≤ −1.00 D. However, the Haigis demonstrated a notable myopic 
shift, with an RPE of ≤ −0.75 D for 13.5% of the eyes.

The scatterplots showing the relationship between predicted and achieved SE values are presented in Figure 4A–D. 
Data points for ORA tended to cluster relatively tightly around the identity line. Barrett U II and SRK/T exhibited similar 

Figure 1 Absolute RPE. * p = 0.001, ** p = 0.004, *** p = 0.0001. 
Abbreviations: RPE, refractive prediction error; SD, standard deviation; Barrett U II, Barrett Universal II; D, diopter.

Figure 2 Percentage of eyes with an absolute RPE of ≤ 0.25 D, ≤ 0.50 D, ≤ 0.75 D, and ≤ 1.0 D. * p = 0.004, ** p = 0.028, *** p = 0.003, **** p = 0.002. 
Abbreviations: D, diopter; RPE, refractive prediction error; Barrett U II, Barrett Universal II.
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distribution patterns, although both showed slightly more dispersion from the identity line than ORA. In contrast, the 
Haigis formula demonstrated a wider horizontal distribution of predicted values, with a broader range of variability 
among individual cases than the other methodologies.

Figure 3 Percentage of eyes with a refractive prediction error in 0.25 D increments. 
Abbreviations: Barrett U II, Barrett Universal II; D, diopter; RPE, refractive prediction error.

Figure 4 Scatterplots showing the relationship between predicted and achieved spherical equivalent. (A) ORA, (B) SRK/T, (C) Barrett U II, (D) Haigis. 
Abbreviations: Barrett U II, Barrett Universal II; D, diopter; SE, spherical equivalent.
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The scatterplots showing the relationship between AL and RPE are presented in Figure 5A–D. SRK/T and Haigis 
tended toward a hyperopic shift as AL increased, showing larger prediction errors in long eyes compared with ORA and 
Barrett U II. In contrast, ORA and Barrett U II demonstrated a trend toward a myopic shift in longer eyes.

Visual Acuities
Table 2 shows visual acuity and refraction at 3 months after surgery. The mean monocular CDVA, UCVA, UIVA, and 
UNVA were −0.06 ± 0.07, −0.01 ± 0.07, 0.08 ± 0.12, and 0.06 ± 0.10 logMAR, respectively. The mean residual 
astigmatism was −0.34 ± 0.45 D. The manifest refraction SE (MRSE) was 0.03 ± 0.29 D. The MRSE was within ± 0.5 
D for 94.9% of the eyes (74 of 78 eyes) and within ± 0.25 D for 73.1% of the eyes (57 of 78 eyes).

Figure 5 Scatterplots showing the relationship between axial length and refractive prediction error. (A) ORA, (B) SRK/T, (C) Barrett U II, (D) Haigis. 
Abbreviations: Barrett U II, Barrett Universal II; D, diopter; RPE, refractive prediction error.

Table 2 Monocular Visual Acuity and Refraction at 
3 Months After Surgery

3 Months after Surgery 
(mean ± SD) (logMAR) (D)

UCVA (5 m) −0.01 ± 0.07

UIVA (60 cm) 0.08 ± 0.12

UNVA (40 cm) 0.06 ± 0.10
CDVA (5 m) −0.06 ± 0.07

(Continued)
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Discussion
In recent years, refractive expectations after cataract surgery have increased. A highly accurate IOL power calculation is 
required, especially for eyes that are implanted with a presbyopia-correcting IOL; however, the refractive outcomes in the 
new-material IOLs are sometimes unclear immediately after they are launched. This prospective multicenter study was 
aimed at comparing the accuracy of refraction in eyes implanted with the new trifocal IOL material using ORA and 
preoperative IOL calculations. In this study, the median absolute RPE for ORA was 0.16 D, and the rate of absolute RPE 
within 0.5 D was 87.2%. Both the frequency distribution (Figure 3) and the scatterplots (Figure 4) consistently 
demonstrated that the outcomes were highly concentrated around the 0.00 D mark with no significant outliers.

According to the report by Melendez et al, which showed the refractive accuracy of ORA for eyes with CNWT toric 
IOL implantation, the mean absolute RPE for ORA was 0.43 ± 0.36 D, and the absolute RPE rate within 0.5 D was 
72.5% (using SS-OCT).17 In addition, a previous study on the refractive accuracy of ORA in eyes implanted with TFNT 
IOL, which is a trifocal IOL and has the same optical design as CNWT, showed that the median absolute RPE for ORA 
was 0.19 D, and the rate of absolute RPE within 0.5 D was highest with ORA (87.8%) (using SS-OCT).18 Blaylock et al 
reported that the mean ± SD of absolute RPE for ORA in the eyes with TFNT was 0.213 ± 0.219 D, and the rate of 
absolute RPE within 0.5 D was 88% (using partial coherence interferometry (PCI)).21 The current results in eyes 
implanted with the CNWTT0 trifocal IOL were equivalent to or better than the previous results.

Some studies have compared ORA and preoperative IOL power calculation formulas. Ma et al reported that there 
were no significant differences in the rate of absolute RPE within 0.5 D in the eyes with monofocal, multifocal, or toric 
IOLs between ORA (82%) and IOL power calculation formulas (Barrett U II, Hill RBF, SRK/T, 70–81%) (using SS- 
OCT and PCI).22 In a study by Cionni et al comparing ORA to preoperative IOL power calculation formulas in the eyes 
with AcrySof IQ monofocal, IQ toric, and Restor IOLs, they showed a significantly higher rate of absolute RPE within 
0.5 D with ORA (82.4%) compared with preoperative IOL power calculation formulas (76%).23 In the present study, the 
refractive prediction accuracy within ±0.50 D was 87.2% for ORA alone and 87.2% for the Barrett U II formula alone, 
demonstrating comparable performance. In patients with long eyes, Raufi et al reported that there was no statistical 
difference in eyes with a > 26.25-mm AL between the ORA and preoperative IOL power calculation formulas (Barrett 
U II and Hill RBF) (using optical low-coherence reflectometry).24 Although some studies have reported that the ORA has 
superior refractive accuracy compared with preoperative IOL power calculation formulas, others have concluded that the 
ORA is the same as or inferior to preoperative IOL power calculation formulas.11,18,21–27 The RPEs of both ORA and 
preoperative IOL formulas are influenced by constant optimization, IOL type, and patient demographics; therefore, the 
superiority of one system over the other remains inconclusive.

In the current study, regarding the relationship between AL and RPE (Figure 5), the RPE in eyes with longer ALs was 
smaller with ORA and Barrett U II than those with the SRK/T and Haigis formulas. Notably, whereas the Haigis formula 
exhibited a slightly larger variance, no extreme outliers were observed across the entire range of ALs. This might be 

Table 2 (Continued). 

3 Months after Surgery 
(mean ± SD) (logMAR) (D)

CIVA (60 cm) 0.05 ± 0.11
CNVA (40 cm) 0.04 ± 0.10

MRSE 0.03 ± 0.29

Residual astigmatism −0.34 ± 0.45

Abbreviations: UCVA, uncorrected distance visual acuity; UIVA, 
uncorrected intermediate visual acuity; UNVA, uncorrected near 
visual acuity; CDVA, corrected distance visual acuity; CIVA, cor
rected intermediate visual acuity; CNVA, corrected near visual 
acuity; MRSE, manifest refraction spherical equivalent; logMAR, 
logarithm of the minimum angle of resolution.
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explained by the use of the ARGOS biometer, which performs IOL power calculations using segmented AL. Previous 
studies have reported that calculations based on segmented AL are less affected by AL variability.28,29

In this study, high refractive accuracy was consistent with good visual acuity outcomes from distance to near. These 
visual acuities are consistent with previous studies on eyes with TFNT.30–32 Nicula et al showed that monocular UCVA, 
UIVA at 60 cm, and UNVA at 40 cm were 0.07 ± 0.14, 0.08 ± 0.14, and 0.07 ± 0.14 logMAR, respectively.30 Another 
study reported that monocular UCVA, UIVA, and UNVA were 0.06 ± 0.07, 0.20 ± 0.10, and 0.05 ± 0.07 logMAR, 
respectively.31 The CNWT trifocal IOL can provide good distance, intermediate, and near visual acuity, similar to the 
TFNT trifocal IOL. Ullrich et al reported that the Clareon IOL possesses an axial stability equivalent to that of the 
AcrySof IQ IOL, indicating that the proven stability of the AcrySof platform has been inherited.33 In addition, a recent 
study by Kohnen et al reported excellent visual acuity and contrast sensitivity with CNWT, along with no glistening, at 
12 months.34 While the water content of the material has been increased with CNWT, this modification is primarily 
intended to enhance optical clarity and contributes to improved visual quality without directly affecting refractive 
outcomes. As demonstrated in the current study, the new IOL retaining the stable physical behavior of the proven 
platform allowed ORA to maintain high precision, despite the change in material.

Trifocal IOLs are particularly sensitive to refractive errors, and even minor refractive errors can adversely affect 
visual acuity.6 Therefore, in addition to improving mean prediction accuracy, it is desirable to suppress variability in 
outcomes and minimize unexpected refractive surprises. One approach to evaluating variability is to analyze the SD for 
each formula. Heteroscedasticity analysis has been reported as an appropriate method for assessing SD differences.35 The 
analysis of heteroscedasticity in the current study revealed no significant difference in variance between ORA and the 
Barrett U II; however, ORA demonstrated significantly lower variability than the conventional Haigis (P = 0.005). This 
finding is consistent with a report by Watanabe, which suggested that ORA can reduce the variance of prediction errors 
and stabilize refractive outcomes compared with certain conventional formulas.36

From the perspective of clinical convenience, the Barrett U II formula is efficient and well-suited for daily surgical 
workflows, as it relies solely on preoperative measurements. Conversely, the role of the ORA system lies in providing 
real-time validation of power selection based on intraoperative wavefront aberrometry, a mechanism fundamentally 
distinct from preoperative calculation formulas. The observation that our final postoperative outcomes reached 94.9% is 
attributable to the adoption of a “hybrid approach” that integrated preoperative calculations with intraoperative ORA data 
rather than relying on a single method. Utilizing two tools with distinct measurement principles for “mutual validation” 
may be a viable strategy to suppress outliers and further stabilize clinical outcomes for trifocal IOLs.36,37

This study had some limitations. First, the sample size was relatively small, and the number of eyes with long and 
short ALs was limited. Second, as this study was non-randomized, the clinical outcomes reflect a “hybrid approach” 
integrating both preoperative data and ORA measurements. However, the “within-eye comparison” design is a major 
strength of this study, as it eliminates the influence of anatomical differences or variations in background characteristics 
across different patients and allows for a more accurate assessment of the pure predictive performance of each calculation 
method. Furthermore, as emphasized in previous real-world studies, combining preoperative formulas with ORA is 
currently the most common clinical practice for ORA users, and the primary objective of this study was to evaluate the 
performance in such a real-world setting. ORA accuracy is highly sensitive to intraoperative conditions. While we 
established and followed a strict protocol to ensure precision, this may not be reproducible in routine clinical practice 
owing to the difficulty of maintaining such stringent conditions. The high cost and limited accessibility of ORA may 
restrict the generalizability of our results to global surgical settings. Therefore, future studies, including randomized 
controlled trials, will require verification using large sample sizes encompassing a wider variety of cases, such as those 
with extreme long and short ALs.

Conclusion
For the new CNWTT0 trifocal IOL, the refractive accuracy of the ORA system yielded more favorable outcomes than the 
SRK/T and Haigis formulas, whereas it was comparable to the Barrett U II formula. Integrating intraoperative validation 
with preoperative calculations provides a robust strategy to minimize refractive surprises and further optimize clinical 
outcomes.
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