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Purpose: To compare the refractive-prediction error (the difference between the predicted post-operative spherical equivalent and the
actual spherical equivalent) of IOLMaster 700 and Sirius when their biometric data are fed into the Barrett Universal II formula.
Setting: Union Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan, Hubei, China.
Design: Prospective, observational, single-center, paired-eye study.

Methods: 123 eyes of 93 cataract patients were enrolled. The participants ranged in age from 36 to 91 years, with a mean age of 65.38
+ 14.84 years. Axial length from IOLMaster 700 and corneal curvature, anterior-chamber depth and white-to-white from both devices
were entered into the BarErett Universal II calculator to obtain predicted post-operative spherical equivalent (PRP). One week after
uneventful phacoemulsification with monofocal intraocular lens implantation, manifest refraction provided the actual spherical
equivalent (SE). Prediction error (APRE = PRP - SE) and absolute error |APRE| were primary outcomes.

Results: Both devices produced positive APRE, but the median was lower for IOLMaster 700 than for Sirius (0.41 D vs 0.73 D; p <
0.05). Median |APRE| was also smaller for [IOLMaster 700 (0.61 D vs 0.80 D; p < 0.05). Eyes within £0.50 D of target refraction
numbered 45.5% for IOLMaster 700 versus 26.0% for Sirius (p < 0.05). Subgroup analysis showed no difference in error magnitude
between long (AL > 25 mm) and normal axial-length eyes.

Conclusion: Under the Barrett Universal II formula, IOLMaster 700 yields more accurate refractive predictions than Sirius, with
smaller systematic drift and absolute error, irrespective of axial length. Thus, IOLMaster 700 with Barrett Universal Il is the preferred
biometry for superior refractive accuracy. This study offers surgeons practical guidance for improving post-operative visual outcomes
and patient satisfaction.
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Introduction

With the shift of cataract surgery from a restorative procedure to a refractive procedure, residual refractive error after
surgery has become one of the important factors affecting patient satisfaction' ** Accurate preoperative measurement of
corneal curvature and anterior chamber depth (ACD) is a key step in reducing postoperative refractive error.*> Inaccurate
biometry may lead to incorrect intraocular lens (IOL) power calculation, resulting in postoperative refractive surprise.®
Currently, the IOLMaster 700 (Carl Zeiss Meditec, Germany), based on swept-source optical coherence tomography (SS-
OCT), and the Sirius (CSO, Italy), based on Scheimpflug-Placido hybrid imaging technology, are both high-precision
non-contact optical biometers commonly used in clinical practice.”* However, there are essential differences between the
two in terms of measurement principles, light sources, and image processing algorithms,” which may lead to different

values of corneal curvature and ACD obtained from the same patient.'®!!
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Under the same formula, minor variations in biometric parameters can lead to significant deviations in refractive
outcomes. In terms of corneal curvature measurement, the mean difference between different biometric devices can reach
up to 0.3 D, and this difference directly affects the accuracy of the final refractive result.'>'> An error of 0.1 mm in ACD
measurement can induce approximately 0.25 D of IOL power calculation deviation.'* Existing studies mostly focus on the
comparison of the repeatability or consistency of single-parameter measurements by different devices preoperatively, and
there is a lack of prospective data comparing the predicted postoperative refraction with the actual postoperative spherical
equivalent (SE) after substituting their measurement results into the formula. This study aims to investigate the clinical
relevance of measurement variability between ocular biometric systems due to their potential impact on surgical planning
and refractive outcomes. Hoffer et al found that the IOL power calculations derived from Revo OCT (spectral-domain
optical coherence tomography) and Pentacam AXL (Scheimpflug imaging combined with partial coherence interferometry)
under the four classic formulas - Haigis, Hoffer Q, Holladay I, and SRK/T showed a high correlation.' Both the present
study and multiple international guidelines confirm that the Barrett Universal II formula yields fewer refractive surprises
than Holladay II, SRK/T, Hoffer Q and Hill-RBF across all axial lengths, while maintaining robust predictive accuracy over
varying corneal powers, making it the preferred choice for minimizing post-cataract refractive error.'®!”

Therefore, this study adopted a prospective, dual-device paired design to compare the refractive prediction drift
characteristics of the IOLMaster 700 and Sirius under the Barrett Universal II formula. Given that the axial length (AL)
measurements obtained by the IOLMaster 700 have been extensively validated, the AL data measured by the IOLMaster
700 were uniformly used in this study.18 The corneal flat curvature (K1), steep curvature (K2), ACD, and white-to-white
(WTW) measurements were obtained separately using the two devices to assess their impact on refractive prediction.
Preoperatively, all patients had the aforementioned parameters measured by both devices and substituted into the Barrett
Universal II formula to calculate the predicted postoperative spherical equivalent (SE). One week postoperatively,
refraction was performed to obtain the actual SE. The prediction error (predicted SE - actual SE) was used as the
primary indicator to compare the refractive prediction differences between the two devices under the Barrett Universal 11
formula, providing evidence-based guidance for clinical device selection and preoperative planning.

Materials and Methods

Study Design

This study is a prospective, observational diagnostic accuracy study that adheres to the Declaration of Helsinki and the
STARD guidelines, and was approved by the Medical Ethics Committee of Union Hospital, Tongji Medical College,
Huazhong University of Science and Technology. The ethical approval number is 2024-0280, and the review date is
April 19, 2024. The study population consisted of patients who underwent cataract surgery in the Department of
Ophthalmology at Tongji Hospital and voluntarily participated between April 20, 2024, and January 1, 2025. All participants
provided written informed consent after fully understanding the purpose, procedures, and potential risks of the study.

The inclusion criteria were as follows: (1) age greater than 18 years; (2) the patient was able to cooperate with
fixation and maintain a stable head position to complete all measurements; (3) clinical diagnosis of age-related or
secondary cataract, with planned phacoemulsification plus posterior chamber IOL implantation in one or both eyes; (4)
preoperatively, K1, K2, ACD and WTW measurements could be completed separately by IOLMaster 700 and Sirius by
the same operator on the same visit day; (5) stable manifest refraction SE could be obtained 1 week postoperatively.

The exclusion criteria included: (1) inability to cooperate with fixation or maintain a stable head position, resulting in
failed measurements by either device; (2) corneal or ocular surface pathology (eg, significant corneal scar, active
keratitis, pterygium) affecting optical measurements; (3) posterior segment pathology (eg, retinal detachment, macular
degeneration, vitreous hemorrhage) or optic nerve disease; (4) history of previous intraocular surgery (including
refractive surgery, glaucoma filtering surgery, etc.) or systemic diseases that may affect the refractive status; (5)
intraoperative or postoperative complications (eg, posterior capsule rupture, intraocular lens malposition) or incomplete
follow-up data; (6) patients with corneal edema as indicated by both slit-lamp examination and corneal thickness (CCT)
measured by IOLMaster 700 one week postoperatively. Ultimately, a total of 93 cataract patients (involving 123 eyes)
were included in this study.
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Ocular Measurements

Measurement and Calculation Process

Participants were measured sequentially by the same technician using the IOLMaster 700 and Sirius in the same dark
room. For each eye, only the most recent complete and valid single measurement result of each parameter (AL, K1, K2,
ACD, WTW) was retained for subsequent analysis. To avoid systematic bias caused by repeated measurements, the
average value of multiple measurements was not taken. For both devices, scans with insufficient signal strength (signal-to
-noise index<10 for Sirius; composite image quality index<5 for IOLMaster 700) were excluded, ensuring only high-
confidence measurements entered the analysis.

All raw data were immediately subjected to irreversible anonymization after collection, and any identifiable information
was replaced with a unique study identification number. The anonymized data were then uploaded, stored, and backed up in
real-time through an Electronic Data Capture and Management System (EDC) registered with the National Medical
Products Administration of China (platform URL: [study.empoweredc.com] (https://study.empoweredc.com), Shanghai),

ensuring data integrity and traceability.
The AL, K1, K2, ACD, and WTW measurements obtained from the IOLMaster 700 were entered into the Barrett
Universal II Formula (available at [https://calc.apacrs.org/barrett universal2105/]). An individualized target SE was set,

and the system generated the recommended IOL power, denoted as Dy. The predicted refractive power (PRP) corre-
sponding to this Dy was recorded as I-PRP for the IOLMaster 700 group. Keeping the IOL power D, constant, the
corresponding measurements of K1, K2, ACD, and WTW from the Sirius were manually entered into the Barrett
Universal II Formula. The predicted refractive power calculated under this Dy was recorded as S-PRP.

Surgical Procedure and Postoperative Follow-Up Process

All cataract phacoemulsification surgeries with monofocal IOL implantation were performed by the same experienced
surgeon (YK.H).: After routine preoperative disinfection and topical anesthesia with full mydriasis, a lid speculum was
placed. Viscoelastic was injected through a 2.6 mm clear corneal tunnel incision. A continuous curvilinear capsulorhexis
of 4.5-5.5 mm was performed. The nucleus was emulsified and cortex was completely removed while preserving the
posterior capsule. A foldable monofocal IOL was implanted into the capsular bag using an injector and centered. After
removing the viscoelastic and confirming the IOL position and normal intraocular pressure, the incision was self-sealed.
On postoperative day 1 and week 1, best-corrected visual acuity, refraction, [IOLMaster 700 (for CCT measurement), and
slit-lamp examination were performed. Patients with posterior capsule rupture during surgery, those requiring a tension
ring implantation, and those with corneal edema or abnormal CCT on slit-lamp examination at postoperative week 1 were
excluded. The final refractive data were based on the stable results at postoperative week 1.

Comparison of Measurement Accuracy Between IOLMaster 700 and Sirius

At postoperative week 1, the best-corrected visual acuity (BCVA), Sphere, Cylinder, and SE were recorded. The
Predicted Refractive Errors (APRE) were calculated by subtracting the SE from the PRP. These were denoted as
I-APRE (APRE of IOLMaster 700) and S-APRE (APRE of Sirius). The absolute values were then obtained as |
I-APRE]| and |S-APRE]|. All values were anonymized and entered into the EDC system for subsequent statistical analysis.

Statistical Analysis
Statistical analyses were performed using R software (version 4.3.1; R Foundation for Statistical Computing) and the
EasyR platform (www.easyrdata.com, Solutions, Inc., Shanghai). Continuous variables are presented as mean + standard

deviation (SD), and categorical variables are described as frequency (percentage). The normality of data distribution was
assessed using the Kolmogorov—Smirnov test. For normally distributed continuous variables, paired t-tests were used to
evaluate differences in means; for non-normally distributed continuous variables, the Wilcoxon signed-rank test was used
to assess differences in medians. The consistency of categorical variables was analyzed using Cohen’s kappa coefficient
to evaluate the agreement between different measurement methods. A two-sided P value < 0.05 was considered
statistically significant. To control for type I error, Bonferroni correction was applied for multiple comparisons.
Specifically, it was applied to the primary comparisons of device prediction accuracy (APRE and |APRE| between
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IOLMaster 700 and Sirius), with an adjusted significance level of p < 0.025. The agreement between predicted
postoperative refraction and postoperative SE was assessed using Bland-Altman (BA) analysis.

A post-hoc power analysis was performed to assess the adequacy of our sample size. Based on a minimally clinically
important difference of 0.25 D in mean paired prediction errors and the observed standard deviation of paired differences
(0.62 D) from our 123 paired eyes, the statistical power to detect this difference using a paired ¢-test at a=0.05 (two-
sided) was 99.3%, exceeding the conventional threshold of 80%. The analysis was conducted using PASS software
(NCSS, LLC).

Results

Patients’ Characteristics
A total of 93 cataract patients (40 males and 53 females) were included in this study, involving 123 eyes (61 right eyes
and 62 left eyes), with a mean age of 65.38+14.84 years.

The median AL of the enrolled eyes was 23.39 mm (interquartile range, IQR 22.86 to 24.95 mm). The K1, K2, ACD,
and WTW values measured by IOLMaster 700 and Sirius are shown in Table 1. At the first postoperative week, the
median BCVA was 0.10 (IQR 0.00 to 0.30). Manifest refraction revealed a median spherical error of —0.50 D (IQR —2.00
to 0.25), a median cylindrical error of —0.75 D (IQR —1.25 to —0.38), and a median SE of —0.88 D (IQR —2.44 to —0.25).

Table | The Numerical Values of Various
Parameters for IOLMaster 700 and Sirius

Variable Description

n 123

Eye:R 61(49.6%)
Age(y) 68.00(59.50-75.50)

IOLMaster700-AL(mm)

23.38(22.86-24.95)

IOLMaster700-K 1 (D)

43.56(42.32-44.64)

I0OLMaster700-K2(D) 44.66(43.28-45.79)
I0OLMaster700-ACD(mm) 2.94+0.50
I0OLMaster700-WTW (mm) 11.62+0.44

Sirius-K 1 (D) 43.28(42.17-44.47)
SiriusK2(D) 44.41(43.12-45.56)
SiriusACD(mm) 3.04(2.69-3.43)

SiriusWTW(mm) 11.19(10.86-11.59)

BCVA (logMAR)

0.10 (0.00-0.30)

Sphere (D) —0.50(—2.00-0.25)
Cylinder (D) —0.75(—1.25-0.38)
SE (D) —0.88(—2.44-0.25)

Notes: Normally distributed continuous variables as mean *
standard deviation (M % SD), non-normally distributed con-
tinuous variables as median (interquartile range, IQR), and
categorical variables as frequency (percentage, %).
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Table 2 Comparison of Measurement Data Between |IOLMaster

700 and Sirius

Variable IOLMaster 700 Sirius p
KI(D) 43.56(42.32-44.64) | 43.28(42.17-44.47) 0.28
K2(D) 44.66(43.28-45.79) | 44.41(43.12-45.56) 0.43
WTW(mm) 11.60(11.35-11.90) | 11.19(10.86-11.59) | <0.001*
ACD(mm) 2.95(2.62-3.28) 3.04(2.69-3.43) 0.09
PRP(D) —0.19(-0.36-0.01) 0.00(-0.70-0.36) | <0.001*
APRE(D) 0.41(0.01-0.94) 0.73(0.26-1.21) 0.01*
|APRE|(D) 0.61(0.29-0.98) 0.80(0.49-1.30) 0.01*
|APRE|<0.5D 56(45.5%) 32(26.0%) <0.001*

Notes: Multiple groups of non-normally distributed continuous data were com-
pared using the Kruskal-Wallis test. Non-normally distributed continuous variables
as median (interquartile range, IQR), and categorical variables as frequency (per-
centage, %). * indicates statistical significance. For the primary comparisons (APRE
and |APRE]), significance was assessed at the Bonferroni-adjusted level of p < 0.025.
For all other comparisons, p < 0.05 was considered significant.

Ocular Parameter Measurements
Table 2 compares the measurements of ACD, WTW, K1, and K2 obtained with IOLMaster 700 and Sirius. Numerically,
no statistically significant differences were found between the two devices for K1, K2, or ACD (all p > 0.05); however,
WTW values differed significantly (p < 0.05). The PRP was greater than the post-operative SE in the majority of patients.
The scatter plot (Figure 1) displays the APRE distribution for each patient. Overall, both devices produced positive
APRE shifts. The median AI-PRE was 0.41 D (IQR 0.01 to 0.94), smaller than the median AS-PRE of 0.73 D (IQR 0.26
to 1.21), p < 0.05. The absolute error |AI-PRE| was 0.61 D (IQR 0.29 to 0.98), also lower than |AS-PRE]| of 0.80 D (IQR
0.49 to 1.30), p < 0.05, indicating that IOLMaster 700 yielded predictions closer to the actual postoperative result.
When an error within £0.50 D was defined as accurate prediction, 56 eyes (45.5%) in the IOLMaster 700 group met
this criterion, compared with 32 eyes (26.0%) in the Sirius group. The IOLMaster 700 group achieved a significantly

higher prediction accuracy (p < 0.05).
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Figure | Scatter plot of APRE distribution between IOLMaster 700 and Sirius. (A) Distribution of APRE for IOLMaster 700. Each dot represents the measurement error for
an individual patient, the red line indicates the average error, and the shaded area represents the 95% confidence interval. (B) Distribution of APRE for Sirius. Each dot
represents the measurement error for an individual patient, the red line indicates the average error, and the shaded area represents the 95% confidence interval.
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Figure 2 Bland-Altman analysis of PRP from IOLMaster 700 and Sirius versus the post-operative SE. (A) Bland-Altman plot for S-PRP and SE, showing the mean difference of 0.82
and 95% limits of agreement at —1.23 and 2.86. (B) Bland-Altman plot for |-PRP and SE, showing the mean difference of 0.57 and 95% limits of agreement at —1.32 and 2.45.

Inter-Device Agreement Analysis

We performed Bland-Altman analyses between the PRP and the post-operative SE for both IOLMaster 700 and Sirius
(Figure 2), using a clinically acceptable threshold of +0.50 D. For IOLMaster 700, the mean difference (I-PRP — SE) was
0.57 D, with 95% limits of agreement (LoA) from —1.32 to 2.45 D, beyond the £0.50 D range. Similarly, for Sirius, the
mean difference (S-PRP — SE) was 0.82 D, with 95% LoA from —1.23 to 2.86 D, again exceeding the acceptable limits.
Thus, both devices demonstrate substantial prediction errors and poor agreement with the actual post-operative SE.

Axial-Length Subgroup Analysis

To investigate whether prediction errors differ between normal and long axial lengths, we divided the cohort into two
groups: eyes with AL>25 mm (long-AL) and those with AL<25 mm (normal-AL). Subgroup analysis showed that the
mean post-operative SE was —3.88D((IQR —4.72 to —1.34) in the long-AL group and —0.62D(IQR —1.38 to 0.00) in the
normal-AL group, with significant difference (p < 0.05). However, neither APRE nor |APRE| differed between the two
groups (p > 0.05) (Table 3), indicating that although the intended post-operative refractions were distinct, the magnitude

of prediction error was comparable.

Table 3 Comparison of Predictive Errors in Axial Length Subgroups

Variable AL<25mm AL>25mm p

n 93 30

SE(D) —0.62(—1.38-0.00) | —3.88(—4.72—1.34) | <0.001*

I-PRP(D) —0.10(—0.24-0.03) | —3.60(—4.11-0.40) | <0.001*

I-APRE(D) —0.45(—1.06-0.01) | —0.37(-0.74-0.11) 0.59

|I-APRE|(D) 0.66(0.25-1.07) 0.48(0.32-0.85) 0.45

|I-APRE|<0.25D,n(%) 24 (25.81%) 4 (13.33%) 0.24

|I-APRE|<1.00D,n(%) 67 (72.04%) 26 (86.67%) 0.17

S-PRP(D) 0.12(—0.27-0.44) | —3.29(-3.78-1.83) | <0.001*
(Continued)
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Table 3 (Continued).

Variable AL<25mm AL>25mm P

S-APRE(D) —0.78(—1.36-0.26) | —0.64(-0.98-0.23) 0.32
|S-APRE|(D) 0.82(0.48-1.45) 0.69(0.52-1.09) 0.64
|S-APRE|<0.25D,n(%) 12 (12.90%) 3 (10.00%) 0.92
|S-APRE|<1.00D,n(%) 58 (62.37%) 21 (70.00%) 0.59

Notes: Multiple groups of non-normally distributed continuous data were compared using
the Kruskal-Wallis test. Non-normally distributed continuous variables as median (inter-
quartile range, IQR), and categorical variables as frequency (percentage, %). *: P value less
than 0.05.

Discussion

Modern cataract surgery has entered the era of precision refractive surgery, aiming not only at visual rehabilitation but
also at high-quality visual function. According to multicenter data from the European Registry of Quality Outcomes in
Cataract and Refractive Surgery, post-operative refractive error is a major reason for suboptimal visual outcomes."'®*
Refractive drift after surgery leaves about 12% of patients with a spherical error of >1.0 D,>' which markedly
compromises visual quality and quality of life.”? Biometric error is one of the most significant contributors to this post-
operative refractive drift.

By utilizing a tunable swept-source laser, SS-OCT delivers markedly higher axial resolution, offering distinct
advantages in ophthalmic diagnosis and surgical planning.” Sirius employs a dual platform that combines a rotating
Scheimpflug camera with Placido-disk topography, enabling simultaneous acquisition of high-precision data from both
the anterior and posterior corneal surfaces.”> Under fixed Barrett Universal II formula and target IOL power, we
compared the refractive-drift characteristics of IOLMaster 700 and Sirius. Both devices produced a positive prediction
error; however, the median APRE was significantly lower with IOLMaster 700 (0.41 D; IQR 0.01 to 0.94) than with
Sirius (0.73 D; IQR 0.26 to 1.21), p < 0.05, reflecting a smaller overall shift. Moreover, the absolute prediction error was
significantly lower with IOLMaster 700 (0.61 D; IQR 0.29 to 0.98) than with Sirius (0.80 D; IQR 0.49 to 1.30), p < 0.05.
Suggesting that, within the Barrett Universal II framework and using SE as the benchmark, the raw biometric data from
IOLMaster 700 yield predictions closer to the actual post-operative SE. We noted a significant between-device difference
in WTW measurements (Table 2, p < 0.001); because WTW directly enters the Barrett Universal II formula’s effective
lens position estimate, this discrepancy may partly explain the observed prediction error.

Subgroup analysis further revealed no significant difference in prediction error between long axial-length eyes (AL >
25 mm) and normal axial-length eyes (AL < 25 mm); elongated AL did not increase the prediction error. Consequently,
for patients with long eyes, our findings continue to favor the use of IOLMaster 700 combined with the Barrett Universal
I formula. Multiple studies have compared the refractive status at 1 week and 4 months after monofocal IOL

implantation and found no statistically significant differences,?**>

indicating that 1 week postoperatively is a reliable
time point for short-term follow-up. However, capsular bag contraction becomes significantly more pronounced from 1
month onward, markedly affecting IOL position and postoperative refractive status, with considerable individual
variability that may introduce additional astigmatic factors.”*’ Therefore, to minimize the confounding effect of
capsular contraction on astigmatism measurements, we selected 1 week after surgery as the observation time point for

short-term refractive stability. Longer-term follow-up is ongoing and will be reported separately.

Limitations

Limitations of this study include: (1) the single-center design restricts the generalizability of the findings; (2) only one
formula was employed, without comparison across multiple formulas. Future studies should incorporate multicenter data
and multi-formula analyses to further explore the interplay between devices and calculation algorithms; (3) Although the
overall sample size was adequate, the long-axial-length subgroup (AL > 25 mm, n = 30) was relatively small, limiting
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statistical power and the robustness of conclusions within this stratum; larger prospective cohorts are needed to validate
these preliminary findings. (4)Post-operative follow-up in this study was limited to one week, which may not capture
long-term refractive stability. Future study protocols adopting postoperative exams at three- and six month periods would
generate improved insights regarding postoperative refractive stability between both devices.

Conclusion

In summary, When the Barrett Universal II formula is used, IOLMaster 700 generates significantly more accurate
refractive predictions than Sirius, exhibiting a smaller positive drift and a lower absolute prediction error. This advantage
persists irrespective of axial length. IOLMaster 700 outperforms Sirius in refractive prediction accuracy under the Barrett
Universal II formula. This study systematically characterized the error profiles and postoperative parameter trends of
both instruments, showing that using IOL Master 700 in preoperative planning and intraocular lens power selection can
be linked to lesser postoperative refraction disparities. The utilization of SS-OCT in contemporary biometry systems
creates an opportunity for integrating Artificial Intelligence models to enhance their predictive accuracy. This enabling
surgeons to fine-tune surgical planning and effectively reduce actual refractive error.

Value Statement
Known prior to this work: Prior studies mainly compared single-parameter repeatability between IOLMaster 700 and
Sirius; their comparative refractive prediction performance under any formula was unexplored.

What this paper adds: 1) First prospective, paired-eye study to quantify Barrett Universal II prediction error for
IOLMaster 700 versus Sirius using identical IOL power and post-operative SE as ground truth. 2) Demonstrates
IOLMaster 700 yields significantly smaller median absolute error (0.61 D vs 0.80 D) and higher #£0.50 D accuracy
(45.5% vs 26.0%) than Sirius.
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