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Purpose: To compare the refractive accuracy resulting from calculations based on measurements with a swept-source optical 
coherence tomography (SS-OCT) biometer compared to calculations based on measurements with an optical low coherence reflecto-
metry (OLCR) biometer at one month postoperatively.
Methods: This was a retrospective comparative non-interventional study of preoperative biometry and postoperative refraction and 
visual acuity of 200 eyes. All eyes had preoperative biometry with both the Argos (Movu, a Santec company) and Lenstar LS900 
(Haag-Streit AG) devices. Data were collected for mean postoperative prediction error (directional and absolute), preoperative mean 
K, delta K (corneal astigmatism), axial length, and anterior chamber depth.
Results: The mean directional prediction error was −0.15 ± 0.47 D for Argos and −0.31 ± 0.50 D for Lenstar LS900, and there was 
a statistically significant mean of the differences (0.16 ± 0.24 D; p < 0.001). The mean absolute prediction error was 0.35 ± 0.34 D for 
Argos and 0.42 ± 0.41 D for Lenstar LS900, and there was a statistically significant mean of the differences (−0.07 ± 0.24 D; p < 
0.001). Neither the differences in directional prediction error nor the differences in absolute prediction error were clinically significant.
Conclusion: The directional and absolute prediction accuracies were statistically significant, but not clinically different between the 
Argos and Lenstar LS900 devices. In addition, differences between preoperative K, AL, and ACD measurements were not clinically 
significant.
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Plain Language Summary
When the natural lens becomes opaque, cataract surgery can be performed to replace the natural lens with a clear artificial intraocular 
lens (IOL). Precise and accurate measurements of the eye are required to select the most appropriate IOL power. These measurements 
can be done prior to surgery with devices called biometers. There are many different types of biometers available, each with different 
optical technologies. The purpose of this study was to compare the refractive accuracy resulting from calculations based measurements 
from two different biometers. The results of this study suggest that the refractive accuracies were similar between the two biometers.

Introduction
Cataract surgery patients have high expectations of good clinical outcomes postoperatively. A crucial element of obtaining 
good clinical outcomes is achieving the target postoperative refraction, which is dependent on precise and accurate 
preoperative biometry. Optical biometry enables effective evaluation of keratometry (K), axial length (AL), and anterior 
chamber depth (ACD). Several different types of optical biometers are available including partial coherence interferometry 
(PCI),1 optical low coherence interferometry (OLCI),2 swept-source optical coherence tomography (SS-OCT),3,4 and 
optical low coherence reflectometry (OLCR).5

The Lenstar LS900 (Haag-Streit AG) is an OLCR biometer, which measures AL, ACD, lens thickness (LT), and 
central corneal thickness (CCT) using a 820 nm superluminescent diode.6 White-to-white (WTW) measurements are 
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obtained with color photography, while K readings are determined from 32 reference points on the anterior cornea.7 

Studies have reported that the Lenstar LS900 provides accurate and precise biometery measurements,8,9 however dense 
cataracts can impact AL determinations.10

Biometers based on SS-OCT have good optical penetration and are less prone to measurement failure with dense 
cataracts compared to OLCR biometers.10 The Argos (Movu, a Santec company) utilizes SS-OCT biometry, and 
measures AL, ACD, CCT, K, LT, and WTW using a wavelength of 1060 nm.9 Keratometry is performed using a ring 
of 16 infrared light emitting diodes (LEDs). It uses refractive indices of 1.376 for the cornea, 1.410 for the lens, and 
1.336 for the aqueous and vitreous.11 A sum of these segments is used to determine axial length, with the advantage that 
adjustments can be made to the axial length calculation for the variability of the lengths in each segment. The Argos has 
been reported to provide good refractive and clinical outcomes.6,12

With the various advances in optical biometer technology, it is important for surgeons to understand biometer 
performance, and especially refractive outcomes compared to other biometers. To date, there is minimal data comparing 
the predictive accuracy of the Lenstar LS900 to the Argos. The purpose of this study is to compare the refractive 
accuracy resulting from calculations based on Argos measurements compared to calculations based on Lenstar LS900 
measurements.

Methods
This study was a retrospective chart review of the refractive accuracy from calculations based on measurements with 
a SS-OCT (Argos) and an OLCR biometer (Lenstar LS900). Study approval and waiver of informed consent was granted 
by an institutional review board (Salus IRB, approval number CB-21-001). A waiver was granted as this was a non- 
interventional retrospective chart review of anonymized data. All data were maintained with confidentiality. As this was 
a retrospective study, there was no requirement to register in a clinical trials database (such as clinicaltrials.gov). The 
tenets of the Declaration of Helsinki, International Harmonization (ICH) guidelines, and Good Clinical Practice (GCP) 
were followed.

Eligible charts were those from subjects between June 2021 and August 2022 with on-label treatment of cataracts 
with implantation of the AcrySof IQ IOL (Model SN60WF; Alcon Vision, LLC), postoperative corrected distance visual 
acuity (CDVA) of 20/30 or better in each eye, and those with both preoperative biometry and 1 month postoperative data. 
Charts were excluded from subjects with moderate or severe corneal pathology, corneal astigmatism greater than 4.00 D, 
prior corneal refractive surgery, or moderate or severe maculopathy.

All eyes in the study were measured with the Argos and Lenstar LS900 biometers preoperatively. Eyes were targeted 
for plano or first minus using the Barrett Universal II formula with each biometer. When the suggested powers from each 
biometer differed, the Argos recommended power was selected. One experienced surgeon (CB) performed microincision 
phacoemulsification in all eyes. All surgeries were performed using manual technique with a 2.2 mm diamond knife 
keratome from a superior approach at approximately the 160 degree axis. An approximate 5.0 mm capsulorhexis was 
created in all eyes. The primary endpoint was to compare the absolute prediction error between the Argos and Lenstar 
LS900. Absolute prediction error was determined for each eye using optimized lens constants for each biometer with the 
Barrett Universal II formula. Absolute prediction error was calculated as the difference in predicted spherical equivalent 
from each biometer to the postoperative manifest refraction spherical equivalent. Directional prediction error was 
calculated as the the difference in predicted spherical equivalent from each biometer to the postoperative manifest 
refraction spherical equivalent. Secondary endpoints included comparing preoperative K, AL, and ACD measurements, 
residual astigmatism, and monocular CDVA.

The statistical software R (version 4.1.2; The R Foundation for Statistical Computing, Vienna, Austria) was used for 
all statistical analysis. The software AstigMATIC13 was used for astigmatism analysis, using manifest refraction. The 
statistical significance of each parameter between devices was assessed using a paired t-test (for parametric data) or 
a Wilcoxon signed rank test (for non-parametric data). A p-value ≤ 0.05 was considered significant for all statistical tests. 
To control the family-wise error rate, p-values were adjusted using the Bonferroni correction. We estimated that the study 
would require a sample size of 138 eyes to achieve a power of 80% and a level of significance of 5% (two sided), for 
detecting a mean of the differences of 0.25 between pairs (non-inferiority margin), and assuming 0 expected differences 
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between pairs and the standard deviation of the differences to be 1.0. The calculated sample size above was increased 
50%, to 200 eyes to improve the reliability of results.

Results
A total of 200 consecutive eyes were identified for this study based on the inclusion and exclusion criteria above. The 
preoperative and patient demographics are summarized in Table 1.

Table 2 summarizes the comparisons between devices. Non-inferiority was confirmed before a superiority test 
was performed, using a non-inferiority margin of 0.25 D. The mean directional and absolute prediction errors for the 
Argos device were better than the Lenstar LS900 (by 0.16 D and 0.07 D respectively), and were statistically 
significant (p < 0.001). However, the differences in both the directional and absolute prediction errors were not 
clinically significant (Table 2). Figure 1 summarizes the distribution of absolute prediction error for the Argos and 
Lenstar LS900 devices. The percentages of eyes with a prediction error less than or equal to 0.5 D was 78.5% (157 
eyes) for the Argos and 69.5% (139 eyes) for Lenstar LS900. A Bland-Altman plot of absolute prediction error is 
shown in Figure 2. On average, the Argos device measured a slightly higher steep K, corneal astigmatism, and mean 
K, larger anterior chamber depth, and shorter axial length, which were statistically significant, but not clinically 
significant.

Table 2 Summary of Comparison Between Devices

Parameter Device Mean ± SD Mean of the  
Difference* ± SD

p value

K Steep (D) Argos 

Lenstar LS900

44.34 ± 1.41 

44.25 ± 1.41

0.08 ± 0.27 <0.001

K Flat (D) Argos 
Lenstar LS900

43.26 ± 1.31 
43.24 ± 1.33

0.02 ± 0.27 1.00

Corneal Astigmatism (D) Argos 

Lenstar LS900

1.08 ± 0.68 

1.01 ± 0.70

0.07 ± 0.29 0.008

Mean K (D) Argos 

Lenstar LS900

43.80 ± 1.32 

43.74 ± 1.33

0.05 ± 0.23 0.024

Axial Length (mm) Argos 
Lenstar LS900

23.96 ± 1.02 
23.99 ± 1.05

−0.03 ± 0.05 <0.001

Anterior Chamber Depth (mm) Argos 

Lenstar LS900

3.29 ± 0.39 

3.25 ± 0.41

0.04± 0.15 <0.001

Directional Prediction Error (D) Argos 

Lenstar LS900

−0.15 ± 0.47 

–0.31 ± 0.50

0.16 ± 0.24 <0.001

Absolute Prediction Error (D) Argos 
Lenstar LS900

0.35 ± 0.34 
0.42 ± 0.41

−0.07 ± 0.24 <0.001

Note: *Argos – Lenstar LS900. P-values adjusted using Bonferroni correction. 
Abbreviations: D, diopters; SD, standard deviation.

Table 1 Preoperative and Demographic Data

Baseline Factor Mean ± SD (Range)

Eyes (participants) 200 (113)

Sphere (D) −1.27 ± 2.55 (−10.75 to 4.75)
Cylinder (D) 1.22 ± 0.85 (0.00 to 4.25)

MRSE (D) −2.49 ± 2.89 (−11.75 to 4.25)

CDVA (logMAR) 0.30 ± 0.37 (0.00 to 3.00)

Abbreviations: CDVA, corrected distance visual acuity; logMAR, 
log of the minimal angle of resolution; MRSE, manifest refraction 
spherical equivalent; D, diopters; SD, standard deviation.
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Table 3 summarizes the postoperative visual and refractive outcomes. Postoperative monocular visual acuity was 
excellent, with 93% of eyes 20/25 or better (Figure 3). The refractive outcomes were also good, with 83% of eyes having 
MRSE 0.5 D or less. The percentage of eyes with residual astigmatism 0.5 D or less was 54%. Astigmatism vector 
analysis is shown in Figure 4. The mean target induced astigmatism was 1.08 D, the mean surgically induced astigmatism 
was 0.82 D, and the correction index was 0.89, indicating a slight undercorrection.

Discussion
Cataract surgery is a refractive procedure, with an end goal of hitting the refractive target. It is currently estimated that in 
73% of cases, surgeons are achieving the target spherical equivalent refraction (± 0.5 D).14 Preoperative formulas to 

Figure 1 Absolute prediction error for spherical equivalent. D = diopters.

Figure 2 Bland-Altman plot of absolute prediction error using Argos and Lenstar. The dashed lines represent the 95% limits of agreement, and the solid line represents the 
mean difference. 
Abbreviation: D, diopters.
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select IOL power are heavily reliant on preoperative biometry measurements. Therefore, accurate biometry measure-
ments are crucial to achieve good refractive outcomes. Our study compared the predictive accuracy of a SS-OCT 
biometer and an OLCR biometer.

The directional and absolute prediction errors were slightly better for the Argos compared to the Lenstar LS900 (by 
0.16 D and 0.07 D respectively), but the differences were not clinically relevant. To the best of our knowledge, this is the 
first study to directly compare both the directional and absolute prediction error between the Argos and Lenstar LS900. In 
a retrospective study, Cummings et al15 reported the absolute prediction error between the Argos and Lenstar LS900 in 
45 eyes. They observed minimal differences in mean absolute prediction error between the Argos (0.239 D) and Lenstar 
LS900 (0.244 D), which do not appear clinically relevant.

In addition to prediction error, we compared preoperative K measurements, AL, and ACD. Compared to the 
Lenstar LS900, the Argos tended to measure slightly higher steep K, corneal astigmatism, and mean K, larger 
anterior chamber depth, and shorter axial length, although these differences were not clinically significant. In 
a prospective, comparative case series, Montes-Mico6 also reported that the Argos tended to measure slightly 
higher steep K, flat K, and ACD, but slightly lower AL. The differences reported by Montes-Mico6 also do not 
appear to be clinically significant. In a prospective study, Shammas et al9 observed minimal differences for AL 
and ACD between the Argos and Lenstar LS900 devices. Cummings et al15 in their retrospective study also 
reported minimal differences for AL and ACD between the Argos and Lenstar LS900 devices. The results of our 
study and those of previous studies6,9,15 suggest that there are minimal differences in preoperative measurements 
(K, AL, ACD) between the Argos and Lenstar LS900.

The refractive outcomes in this study were good, with 83% of eyes having postoperative MRSE 0.5 D or less. Both 
the Argos and Lenstar LS900 biometers were used preoperatively, although where the suggested power differed between 
the devices, the Argos suggested power was preferred. The percentage of eyes with an absolute prediction error ≤ 0.5 

Table 3 Postoperative Data

Postoperative Factor Mean ± SD (Range)

Eyes (participants) 200 (113)
Sphere (D) −0.36 ± 0.61 (−2.00 to 2.00)

Cylinder (D) 0.70 ± 0.70 (0.50 to 3.00)

MRSE (D) 0.00 ± 0.47 (−1.00 to 2.12)
CDVA (logMAR) 0.04 ± 0.07 (0.00 to 0.48)

Abbreviations: CDVA, corrected distance visual acuity; logMAR, log of 
the minimal angle of resolution; MRSE, manifest refraction spherical 
equivalent; D, diopters; SD, standard deviation.

Figure 3 Postoperative cumulative corrected distance visual acuity (CDVA).
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D was 79% for the Argos and 70% for the Lenstar LS900. We were not able to find any studies directly comparing these 
figures between the 2 biometers. However, studies comparing the Argos to other biometers and the Lenstar LS900 to 
other biometers have reported similar results.4,7,12,16–20

A limitation of this study was the retrospective design. In addition, this study focused on the prediction accuracy for 
spherical equivalent. Future work should investigate the prediction accuracy for residual astigmatism. Visual acuity is 
estimated to decrease by 1.5 lines for every diopter of residual astigmatism.21 Therefore, it is important to also 
understand the performance of biometers for predicting residual astigmatism. Another limitation of this study was the 
use of the same eye to calculate the prediction error for both biometers. This could introduce bias, since the power 
suggested by the Argos device was preferred, although our results indicated clinically insignificant differences between 
the Argos and Lenstar LS900 device.

In conclusion, the directional and absolute prediction accuracies were clinically equivalent between the Argos and 
Lenstar LS900 devices. Differences between preoperative K, AL, and ACD measurements were not clinically significant.

Funding
This study was supported with an investigator-initiated study grant (67464611) from Alcon Vision, LLC, Fort Worth, TX, 
USA.

Disclosure
Brad Hall reports that he has received consulting fees from Ace Vision Group outside the submitted work. The authors 
report no other conflicts of interest in this work.

Figure 4 Astigmatism vector analysis. 
Abbreviation: D, diopters.
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