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Purpose: To compare the prediction accuracy of the Argos biometer using standard keratometry to the prediction accuracy of the 
IOLMaster 700 biometer using Total Keratometry.
Methods: This was a randomized, prospective, single surgeon study of 80 right eyes of 80 patients that had preoperative biometry 
with both the Argos and IOLMaster 700 devices, followed by cataract surgery and intraocular lens (IOL) implantation. Prediction 
errors (directional and absolute) for each device were determined from the 1 month postoperative manifest refraction.
Results: The directional prediction error was 0.07 ± 0.32 D for the Argos and 0.08 ± 0.34 D for the IOLMaster 700. The mean of the 
difference in prediction error (directional) was 0.02 D, which was not statistically significant (p > 0.05). The absolute prediction error 
was 0.21 ± 0.25 D for the Argos and 0.25 ± 0.24 D for the IOLMaster 700. The mean of the difference in absolute prediction error was 
0.04 D, which was statistically significant (p < 0.004) but not clinically significant. The percentage of eyes with absolute prediction 
error ≤ 0.5 D was 91% (73 eyes) for the Argos and 88% (70 eyes) for the IOLMaster 700. This difference was not statistically 
significant.
Conclusion: The prediction accuracies were similar between the Argos and IOLMaster 700 in eyes with normal axial length. There 
was a significant difference in mean absolute prediction error between devices; however, this was not clinically meaningful.
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Plain Language Summary
Cataract surgery is a common procedure, which involves removing the opaque natural lens and replacing it with an artificial 
intraocular lens (IOL). To select a lens with the appropriate power, preoperative measurements are taken prior to surgery using 
a device called a biometer. There many different types of these devices available, and each biometer may use different optical 
technologies or different mathematical formulas to determine the most appropriate IOL power. The purpose of this study was to 
compare the prediction accuracy of a biometer than uses standard keratometry to the prediction accuracy of another biometer that uses 
Total Keratometry. The results of this study suggest that the prediction accuracies were similar between the devices.

Introduction
Achieving the refractive target in cataract surgery is important for good clinical outcomes for patients. Many preoperative 
formulas have been developed to aid in selecting the appropriate intraocular lens (IOL) power, but these formulas are 
dependent on accurate preoperative biometry measurements. Optical biometers were first available with partial coherence 
interferometry (PCI), which measured keratometry (K), axial length (AL), and anterior chamber depth (ACD).1 Other 
technologies include optical low coherence reflectometry (OLCR),2 optical low coherence interferometry (OLCI),3 and 
swept-source optical coherence tomography (SS-OCT).4,5 However, biometers utilizing SS-OCT have better optical 
penetration.6
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The first available SS-OCT biometer was the IOLMaster 700 (Carl Zeiss Meditec AG). Using a refractive index of 
1.3375 and a wavelength of 1050 nm, it can measure K, AL, ACD, lens thickness (LT), central corneal thickness (CCT), 
and white-to-white (WTW).7 For keratometry, the IOLMaster 700 uses 3 rings for 18 spots. The IOLMaster 700 is also 
able to assess Total Keratometry (TK), which is a direct measure of both the anterior and posterior corneal surfaces.8 

Using TK may allow for better outcomes in eyes that would benefit from accurate corneal surface measurement (such as 
eyes with a history of corneal refractive surgery or eyes with significant astigmatism).9,10 Studies have reported that the 
use of the IOLMaster 700 generally leads to good clinical outcomes after cataract surgery.8,11–13

A relatively new SS-OCT biometer is the Argos (Movu, a Santec Company). It also measures K, AL, ACD, LT, CCT, 
and WTW, but uses a wavelength of 1060 nm and refractive indices of 1.376, 1.410, and 1.336 for the cornea, lens, and 
aqueous and vitreous, respectively.14 A sum of these segments is used to calculate axial length, and adjustments to axial 
length can be made from variability in the lengths of any of these segments.15,16 The retinal thickness is defined as 300 
μm. The Argos uses standard keratometry (using a single ring of 16 spots), which does not directly measure the posterior 
corneal surface, however the Barrett toric calculator can use an estimated value for preoperative IOL calculations. 
Previous studies of the Argos have also reported good clinical outcomes.12,17

To date, there are minimal data comparing the refractive outcomes between the Argos and IOLMaster 700 biometers. 
The purpose of this study was to compare the prediction accuracy of the Argos device using standard keratometry to the 
prediction accuracy of the IOLMaster device using Total Keratometry in eyes with normal axial length.

Methods
This was a randomized, cross-over, prospective, single-surgeon study of the prediction accuracy of two SS-OCT 
biometers. The study was reviewed and approved by an Institutional Review Board (Salus IRB; Approval 
#64989743). Written informed consent was obtained from all subjects. The study followed the tenets of the 
Declaration of Helsinki, Good Clinical Practice, and International Harmonization (ICH) guidelines.

The inclusion criteria for this study were adults 50–85 years old, clinically significant cataracts, and planned 
implantation with the AcrySof IQ (SN60WF) IOL (Alcon Vision LLC). Subjects were excluded if they had central 
corneal thickness less than 490 mm and greater than 600 mm, history of contact lens use within 2 months of cataract 
surgery, severe dry eye, or corneal, retinal, or systemic disease. Subjects were also excluded if they had measured axial 
length less than 22.00 mm or greater than 26.00 mm, as the purpose of this study was to compare the prediction 
accuracies in eyes with normal axial length. Eyes with corneal astigmatism greater than 1.00 D were excluded to 
eliminate astigmatism as a confounding factor. Prior corneal refractive surgery creates challenges for IOL power 
calculation,18 thus subjects were excluded if they had prior corneal refractive surgery.

Two SS-OCT biometers were used to assess all subject eyes preoperatively, the Argos and the IOLMaster 700. 
Subjects were randomized as to the order of biometry measurements. Group 1 subjects first had measurements with the 
Argos device follow by the IOLMaster 700 device. Group 2 subjects first had measurements with the IOLMaster 700 
device, followed by the Argos device. The right eyes of each subject were included for data analysis. For preoperative 
planning, the Barrett Universal Formula II “K” was used with the Argos device, and the Barrett Universal II TK formula 
was used with the IOLMaster 700 device. Plano was targeted for all eyes. If the suggested IOL power by each biometer 
was not the same, the IOL power suggested by the Argos device was selected. One experience surgeon performed all 
cataract surgeries (SM). Incisions (2.4 mm) were made temporally, followed by manual capsulorhexis. Refractive and 
visual outcomes were measured 28 to 42 days postoperatively. Subjective refractions were performed by the same 
optometrist who was blinded to the biometry data.

The primary endpoint for the study was mean absolute prediction error of each SS-OCT biometer. Absolute prediction 
error was calculated as the absolute difference between the predicted spherical equivalent refraction from preoperative 
planning and the measured spherical equivalent refraction (manifest). Secondary endpoints included median absolute 
prediction error, and the percentage of eyes with less than or equal to 0.25 D and 0.5 D absolute prediction error.

Statistical analyses were performed using SAS software (Version 9.4, SAS Institute, Inc). Normality was assessed 
using the Shapiro–Wilks test. Parametric variables were compared using a paired t-test, while non-parametric variables 
were compared using a Wilcoxon signed-rank test. A margin of 0.5 D was used for non-inferiority testing. Percentages of 
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eyes within 0.5 D were compared using McNemar tests. Sample size calculations with SAS proc power revealed that 68 
subjects would be required to establish non-inferiority with 90% power, assuming a within subject standard deviation of 
0.25 D and an alpha of 0.05. This was increased to 80 subjects to account for any dropouts.

Results
A total of 80 right eyes of 80 subjects were enrolled in this study. Of the 80 eyes, 30 were from male subjects and 50 
were from female subjects. The mean age of subjects was 72.2 ± 6.9 years (range 56 to 87).

Table 1 summarizes the prediction errors for each biometer. The Argos and IOLMaster 700 devices had similar 
prediction errors (directional) of 0.07 D and 0.08 D respectively. The mean of the difference was 0.02 D and was not 
statistically significant. The absolute prediction errors were 0.21 D and 0.25 D for the Argos and IOLMaster devices, 
respectively. A paired t-test was performed, and inferiority was rejected with a t statistic of 28.35 (p < 0.0001). After the 
non-inferiority test, a superiority test was performed, again using a paired t-test. The results showed that Argos had 
numerically smaller absolute error of 0.04 D than the IOLMaster 700, which was statistically significant (p=0.04), but not 
clinically significant. It should be noted that a non-parametric test confirmed that the difference was statistically 
significant (p = 0.0043).

Refractive outcomes are summarized in Table 2. Overall, postoperative manifest refraction spherical equivalent was 
excellent, with 94% of eyes (75/80) within ± 0.5 D. Residual astigmatism was also good with 69% of eyes (55/80) having 
≤ 0.5 D of residual astigmatism postoperatively. Figure 1 shows the distribution of absolute prediction error for the Argos 
and IOLMaster 700 biometers. Both biometers had similar percentages of eyes with absolute prediction errors ≤ 0.5 D, at 
91% (73/80) for the Argos and 88% (70/80) for the IOLMaster 700. This difference was not statistically significant.

Discussion
In general, cataract surgeons may be hitting the refractive target (± 0.5 D) in only 73% of cases.19 Good refractive 
outcomes will depend on accurate preoperative measurements. Advances in optical biometry may offer improved 
outcomes, however it is important for clinicians to know how optical biometers perform, especially compared to each 
other. Studies comparing PCI to SS-OCT biometers have reported comparable or improved preoperative measurements 
with SS-OCT biometers.12,13 In this study, we compared the predictive accuracy of the Argos and IOLMaster 700, with 
the Argos device using standard keratometry and the IOLMaster device using Total Keratometry.

Table 1 Summary of Prediction Errors

Parameter Device Median (IQR) Mean ± SD Mean of the  
Difference* ± SD

p value

Prediction Error (D) Argos 0.04 (0.26) 0.07 ± 0.32 0.02 ± 0.20 0.43

IOLMaster 700 0.06 (0.33) 0.08 ± 0.34

Absolute Prediction Error (D) Argos 0.14 (0.19) 0.21 ± 0.25 0.04 ± 0.17 0.04
IOLMaster 700 0.19 (0.20) 0.25 ± 0.24

Note: *IOLMaster 700 – Argos. 
Abbreviations: D, diopter; IQR, interquartile range; SD, standard deviation.

Table 2 Postoperative Refractive Outcomes

Parameter Mean ± SD (Range)

Sphere (D) −0.27 ± 0.34 (−1.75 to 0.50)

Cylinder (D) 0.46 ± 0.44 (0.00 to 2.75)

MRSE (D) −0.04 ± 0.32 (−1.00 to 1.38)

Abbreviations: D, diopters; MRSE, manifest refraction spherical 
equivalent; SD, standard deviation.
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We observed small differences in the prediction of spherical equivalent between the Argos and IOLMaster 700, which 
were not clinically relevant. Fabian and Wehner20 reported that the mean difference absolute prediction error between 
standard keratometry (Barrett Universal II formula) and Total Keratometry (Barrett Universal II TK formula) was 0.02 
D (K – TK; compared to −0.04 D in our study). The mean difference reported by Fabian and Wehner also appears to be 
clinically irrelevant, however their study used only the IOLMaster 700 and included eyes with more astigmatism than our 
study. Choi et al21 observed minimal differences in mean absolute prediction error between the Argos and IOLMaster 
700 (0.40 D and 0.36 D respectively) when implanting a trifocal IOL in patients with a history of corneal refractive 
surgery (using the Barrett True-K formula). A retrospective study by Yang et al5 also reported minimal differences in 
mean absolute prediction error between the Argos and IOLMaster 700 (0.35 D and 0.42 D respectively) with the Haigis 
formula. Tamaoki et al22 observed no significant differences in directional prediction error among short, medium, and 
long eyes between the Argos and IOLMaster 700 (using the Haigis formula), but did report significant differences within 
each of the three axial length groups. It would appear that, based on our results and those reported in other studies, that 
the prediction accuracies between the Argos and IOLMaster 700 are similar.

We also observed minimal differences in the percentage of eyes with an absolute prediction error ≤ 0.5 D between the 
Argos (91%) and IOLMaster 700 (88%). Fabian and Wehner20 reported that the percentage of eyes with an absolute 
prediction error ≤ 0.5 D between standard keratometry and Total Keratometry was 84% and 86%, respectively (using the 
Barrett Universal II and Barrett Universal II TK formulas). Omoto et al17 also observed minimal differences in the 
percentage of eyes with absolute prediction error ≤ 0.5 D between the Argos and IOLMaster 700 across short, medium, 
and long axial lengths. However, the percentages reported by Omoto et al17 were lower (70% or less with the Barrett 
Universal II formula) than those in our study. Tamaoki et al22 also investigated the differences in the percentage of eyes 
with absolute prediction error ≤ 0.5 D between the Argos and IOLMaster 700 across short, medium, and long axial 
lengths. They reported minimal differences between the Argos (80%) and IOLMaster 700 (83%) with the Haigis formula. 
In a retrospective study, Yang et al5 observed the same (73%) percentage of eyes with absolute prediction error ≤ 0.5 
D between the Argos and IOLMaster 700 with the Haigis formula. Choi et al21 also observed the same (76%) percentage 
of eyes with absolute prediction error ≤ 0.5 D between the Argos and IOLMaster 700 using the Barrett True-K formula to 
implant a trifocal IOL. The results of our study and others indicate that the percentage of eyes with absolute prediction 
error ≤ 0.5 D are similar between the Argos and IOLMaster 700 devices.

Randomizing the biometer measurement order was intended to minimize dry eye or fatigue bias for each biometer 
reading. However, using the same eye to calculate the prediction error for each device is a limitation of this study, given 
that when the suggested powers differed between the devices, the Argos suggested power was preferred. This could 
introduce bias for better performance with the Argos. However, with the clinical insignificance of the differences 
observed in this study and others, our results appear robust. Another limitation of this study is that we are evaluating 

Figure 1 Absolute prediction error for spherical equivalent (n = 80 eyes). 
Abbreviation: D, diopters.
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refractive outcomes only and there are not comparisons for K, AL, ACD, WTW, or LT measurements. However, other 
studies have reported comparisons of preoperative biometry.5,12,17,20–22

In conclusion, the prediction accuracies were similar between the Argos and IOLMaster 700 in eyes with normal axial 
length. There was a significant difference in mean absolute prediction error between devices, however this was not 
clinically relevant.
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