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Purpose: To assess the accuracy of axial length (AXL) measurements using two swept-source optical coherence biometers, 
IOLMaster 700 (Carl Zeiss Meditec AG, Jena, Germany) and ARGOS (Alcon, Inc. Fort Worth, TX), for macula-off rhegmatogenous 
retinal detachment (RRD).
Methods: This retrospective study included 100 eyes with phakic primary macula-off RRD. Preoperative AXL measurements were 
performed using different methods: applanation A-scan ultrasound (U/S) biometry, combined applanation vector A/B-scan biometry, 
and optical biometry measurements were obtained using IOLMaster 700 (Carl Zeiss, Meditec, Jena, Germany) and ARGOS (Alcon, 
Inc. Fort Worth, TX). All patients underwent pars plana phacovitrectomy. At 8–10 weeks postoperatively, optical biometry was 
performed to record AXL.
Results: Mean preoperative AXL measured using vector-A/B-scan ultrasonography was higher than that of postoperative AXL 
measured using IOLMaster (p < 0.05). Mean AXL measured by the standard mode of the ARGOS optical biometer was lower than 
mean AXL measured by both enhanced retina visualization (ERV) mode and user-adjusted method (p < 0.05). Mean same-eye AXL 
measured using IOLMaster was lower than that measured using ARGOS (p < 0.05). The least difference was observed with combined 
vector-A/B-scan ultrasound (on the positive side), followed by fellow eye AXL measured using IOLMaster optical biometry (on the 
negative side).
Conclusion: Optical biometry of fellow eye in macula-off RRD was noted to be highly correlating with postoperative optical 
biometry of same eye using IOL Master 700 in eyes without anisometropia. IOLMaster 700 showed less accuracy in the AXL 
measurements for same eye. The ARGOS optical biometer may have a good potential for measuring same eye AXL. Using ERV mode 
or a user-adjusted method for the ARGOS optical biometer may improve accuracy of AXL measurements. Most accurate method for 
measuring AXL in same eye was vector-A/B-scan ultrasound.
Keywords: macula-off, optical biometry, fellow eye, RRD, IOL calculation, ARGOS, IOLMaster

Introduction
More than 50% of phakic patients who undergo phacovitrectomy for rhegmatogenous retinal detachment (RRD) require 
subsequent cataract surgery within one year.1,2 Combined phacovitrectomy is encouraged in patients aged ≥ 50 years 
because of the lower cost of surgery, faster visual rehabilitation, and better visual outcomes.3–6 The advantages of 
vitreoretinal surgeons include thorough and safe shaving of the vitreous base without fear of lenticular touch and a better 
view of the retina for delicate maneuvers, such as internal limiting membrane peeling and detection of small breaks. 
Posterior capsule rupture or lens drop are of little concern. Phacoemulsification in non-vitrectomized eyes is easier 
because cataract in vitrectomized eyes tend to be more difficult. In addition, the anterior chamber tends to fluctuate 
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during phaco, owing to the absence of vitreous support, which leads to a higher possibility of posterior capsule rupture 
and decreased nuclear fragments. There might be some disadvantages to combined phacovitrectomy; for example, 
a slightly higher chance of anterior segment inflammation in eyes with diabetic tractional detachment.3–6

Intraocular lens (IOL) power calculations are challenging during phacovitrectomy. Significant postoperative increase 
in axial length (AXL) was noted only after scleral buckling. Poor fixation of the patient might interfere with the scan 
alignment. Potential mechanisms of postoperative myopic shift include the underestimation of AXL in the detached 
macula, changes in vitreous cavity properties after vitreous removal, and anterior displacement of the IOL caused by gas 
tamponade.7–10

A-scan ultrasound biometry measures the AXL from the corneal vertex to the vitreoretinal interface, leading to 
a falsely measured shorter AXL in the detached macula. AXL measurements correlate with retinal detachment height, 
and the level of error is difficult to predict because of the dynamic nature of RRD. Optical biometry measures AXL from 
the tear film to the retinal pigment epithelium by adjusting retinal thickness in healthy adults. Theoretically, if retinal 
pigment epithelium is preserved, changes in the macula should not affect AXL measurements using optical biometry.7–10

Multiple options are available for determining the AXL in macula-off RRD. First, biometry can be performed on the 
same eye using either A-scan ultrasound or optical biometry (OB).9 Second, fellow eye biometry can be performed either 
A-scan ultrasonography or optical biometry.11,12 Third, user-adjusted biometry is an available option for the IOLMaster 
500 and ARGOS optical biometers.13 Forth, a combined vector-A/B-scan biometry can be performed.14 Fifth, delayed 
cataract surgery and sequential procedures can be performed.15 Currently, there is no consensus regarding the optimal 
method.

This study aimed to assess the accuracy of AXL measurements using two swept-source optical coherence biometers, 
IOLMaster 700 (Carl Zeiss Meditec AG, Jena, Germany) and ARGOS (Alcon, Inc., Fort Worth, TX), in macula-off 
rhegmatogenous retinal detachment.

Table 1 Preoperative and Postoperative Axial Length of the Included Eyes Measured by Different Methods (n=100, 
Except for Same AXL-IOLMaster; n=63)

N (eyes) Mean AXL (mm) ± SD Difference# (mm) ± SD P value*

Same AXL-U/S sitting 100 26.28 ± 2.72 − 0.74 ± 0.45 p < 0.05*

Same AXL-U/S supine 100 26.50 ± 2.65 − 0.51 ± 0.46 p < 0.05*

Same AXL-IOLMaster 63 26.05 ± 2.26 − 0.45 ± 0.32 p < 0.05*

Fellow AXL-IOLMaster 100 26.84 ± 2.81 − 0.17 ± 0.62 p < 0.05*

Same AXL-ARGOS 100 26.32 ± 2.67 − 0.70 ± 0.37 p < 0.05*

Same AXL-ARGOS ERV 100 26.69 ± 2.69 − 0.33 ± 0.27 p < 0.05*

Same AXL-ARGOS user-adjusted 100 26.54 ± 2.73 − 0.48 ± 0.28 p < 0.05*

Fellow AXL-ARGOS 100 26.53 ± 2.72 − 0.49 ± 0.60 p < 0.05*

Same AXL-B-scan 100 27.12 ± 2.76 0.10 ± 0.18 p < 0.05*

Postop. AXL-IOLMaster 100 27.02 ± 2.76 0 —

Note: (*): Paired t-test, p < 0.05; AXL: axial length; (#): difference from postoperative values. AXL-IOLMaster. The same eye applanation A-scan in the 
sitting position (same AXL-U/S sitting), same-eye applanation A-scan in the supine position (same AXL-U/S supine), same-eye IOLMaster optical 
biometry (same AXL-IOLMaster), fellow eye IOLMaster optical biometry (fellow AXL-IOLMaster), same eye ARGOS optical biometry using the 
standard mode (same AXL-ARGOS), same eye ARGOS optical biometry using the ERV mode (same AXL-ARGOS ERV), same eye ARGOS 
optical biometry using user adjustment (same AXL-ARGOS user-adjusted), fellow eye ARGOS optical biometry (fellow AXL-ARGOS), and the 
same eye combined vector-A/B-scan biometry (same AXL-B-scan). Axial length measurement (postop. AXL-IOLMaster), optical biometry was 
performed using an IOLMaster 700 SS-OCT biometer.
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Material and Methods
This was a retrospective study included 100 eyes from 100 patients. Included patients were > 18 years of age, phakic 
patients with primary macula-off RRD with recent presentation with no previous retinal surgery. The included patients 
underwent a standard, uneventful, 23-gauge pars plana phacovitrectomy. The patients were recruited for a final follow-up 
visit and signed an informed consent form in which they agreed to participate in the study. This study was approved by 
the local ethics committee of the Faculty of Medicine of Alexandria University, Alexandria, Egypt. This ethical code is 
based on the tenets of the Declaration of Helsinki. Patients were excluded if they had a history of anisometropia, scleral 
buckling surgery, recurrent retinal detachment, or any other ocular problems affecting biometric measurements, such as 
corneal scarring and lens dislocation. Patients were also excluded if they had silicone oil tamponade, scleral buckling, or 
any intraoperative complications that affected postoperative biometric measurements. The medical records of the patients 
(from January 2021 to July 2023) were reviewed. Demographic data, such as age and sex, were recorded. In addition, 
biometric data (different methods of measuring AXL) were recorded.

Preoperative AXL measurements were performed using different methods. Applanation A-scan ultrasound (U/S) 
biometry was performed using EZ Scan AB5500+ (Sonomed Inc., NY, USA). Combined applanation vector A/B-scan 
biometry was performed using an EZ Scan AB5500 ultrasonic biometer. Optical biometry (OB) measurements were 
performed using an IOLMaster 700 (Carl Zeiss, Meditec, Jena, Germany) swept-source optical coherence tomography 
(SS-OCT) biometer that uses a 1050 nm wavelength version 1.88.1.64861. ARGOS (Alcon, Inc., Fort Worth, TX), a new 
SS-OCT biometer with a wavelength of 1060 nm, was used to obtain AXL measurements.
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Figure 1 Bland-Altman plot (same eye axial length by ultrasound in sitting position).
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ARGOS has an enhanced retinal visualization (ERV) mode, in which the optical path length is measured to minimize 
the effect of attenuation and by changing the optical coherence tomography (OCT)-sensitive position to the retinal side. 
The AXL in ERV mode was calculated by adding the optical path length to the anterior segment information up to the 
posterior surface of the crystalline lens measured in standard mode. The ARGOS SS-OCT biometer allows the user- 
adjusted measurement of AXL by checking the signal spikes in the analysis window, allowing the user to manually move 
the cursor to match the point of the highest spike. This is useful in detached macula, where measurements could 
sometimes be falsely lower due to confusion between the detached retina spike and the original RPE spike.16,17 

Unfortunately, the new version of IOLMaster 700 does not allow this user-adjusted mode, which is available in the 
older version of IOLMaster 500. A horizontal axial B-scan image was acquired using the combined application vector A/ 
B-scan biometry technique. The vector-A-scan was then adjusted to pass through the middle of the cornea and the 
anterior and posterior lens echoes. This alignment ensured that the vector-A-scan intersected the retina at the approximate 
center of the macula. This technique has the advantage of being able to directly visualize what is being measured to avoid 
the fallacies of A-scan biometry.14

All cases were examined by the same experienced operator (H.A.H). The average of the three high-quality scans was 
recorded. The following preoperative AXL measurements were recorded: same-eye applanation A-scan in the sitting 
position (same AXL-U/S sitting), same-eye applanation A-scan in the supine position (same AXL-U/S supine), same-eye 
IOLMaster optical biometry (AXL-IOLMaster), fellow eye IOLMaster optical biometry (fellow AXL-IOLMaster), same 
eye ARGOS optical biometry using the standard mode (same AXL-ARGOS), same eye ARGOS optical biometry using 
the ERV mode (same AXL-ARGOS ERV), same eye ARGOS optical biometry using user adjustment (same AXL- 
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Figure 2 Bland-Altman plot (same eye axial length by ultrasound in supine position).
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ARGOS user-adjusted), fellow eye ARGOS optical biometry (fellow AXL-ARGOS), and same eye combined vector-A/ 
B-scan biometry (AXL-B-scan).

All patients underwent standard uneventful 23-gauge pars plana implantation of a foldable hydrophobic acrylic IOL 
and were followed-up postoperatively. At 8–10 weeks postoperatively (to ensure absorption of any gas tamponade), 
optical biometry using an IOLMaster 700 SS-OCT biometer was performed to record the postoperative AXL measure
ment (postoperative. AXL-IOLMaster). Only cases that did not have silicone oil injection were included.

Data analysis was performed using the statistical package for social sciences (SPSS) for Windows (version 26.0; 
SPSS Inc., Chicago, IL, USA). Quantitative data were described using the range, mean, and standard deviation. 
Normality of the data was evaluated using the Kolmogorov–Smirnov test. ANOVA test was used to compare different 
means. A paired t-test was used to compare the mean preoperative and postoperative measurements of the same 
individual. The agreement between the preoperative and postoperative measurements was analyzed using a Bland– 
Altman plot. Differences were considered statistically significant when the associated p value was less than 0.05.

Results
This retrospective study included 100 eyes of 100 patients. The study included 65 males and 35 females. The mean age 
was 39.5 ± 13.2 (range 21–66) years. Forty-eight eyes were right and 52 were left. All included cases were phakic with 
primary macula-off RRD and had a recent presentation. Proliferative vitreoretinopathy (PVR) was defined as minimal 
grade A (pigment proliferation in the vitreous) or grade B (partial-thickness retinal wrinkles and rolled edges on retinal 
breaks due to preretinal membrane contractions).18
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Figure 3 Bland-Altman plot (same eye axial length by IOLMaster).
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Table 1 shows the preoperative and postoperative AXL measurements obtained using different methods. Preoperative 
IOLMaster’s eye measurements were unsuccessful in 37 patients. The ANOVA revealed a statistically significant 
difference between the means of the measured AXLs (p < 0.05). A paired t-test was used to compare different 
preoperative AXL measurements with postoperative IOLMaster AXL measurements, and there was a statistically 
significant difference (p < 0.05). The mean preoperative AXL measured by vector-A/B-scan ultrasound was only higher 
than that of the postoperative AXL measured using IOLMaster (p < 0.05). The mean same-eye AXL measured using 
A-scan biometry in the supine position was higher than that in the sitting position (p < 0.05). ARGOS optical biometry 
measured lower mean fellow AXL than that measured using IOLMaster optical biometry (P < 0.05). The mean AXL 
measured using the standard mode of the ARGOS optical biometer was lower than the mean AXL measured using both 
the ERV and user-adjusted methods (p < 0.05). The mean same-eye AXL measured using the IOLMaster optical biometer 
was lower than that measured using the ARGOS optical biometer (p < 0.05).

The mean difference between the preoperative AXL measurements and postoperative IOLMaster AXL was highest 
with the same eye A-scan biometry in the sitting position, followed by the same eye AXL measured using ARGOS 
optical biometry. The least difference was observed with combined vector-A/B-scan ultrasound (on the positive side), 
followed by fellow eye AXL measured using IOLMaster optical biometry (on the negative side). This was followed by 
the mean difference in the same eye AXL measured by ARGOS optical biometry using the ERV mode (on the negative 
side). Figures 1–9 show the Bland-Altman plots of different preoperative AXL measurements and postoperative AXL 
measured by the IOLMaster. The Bland-Altman plot showed good agreement between preoperative AXL measurements 
and postoperative AXL measured by IOLMaster.
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Figure 4 Bland-Altman plot (fellow eye axial length by IOLMaster).
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Discussion
Calculating the IOL power in a detached macula is problematic. To date, no established method has been considered as 
the gold standard for measurements. Ultrasound A-scan biometry has the problem of falsely measuring a shorter AXL 
due to reflection of the sound waves from the vitreoretinal interface, which moves forward in cases of macula-off RRD, 
leading to a shorter measured AXL than the actual one that results in a higher IOL power and a myopic surprise. 
Theoretically, optical biometry is a better alternative as it measures beyond the detached macula to reflect the actual AXL 
(as it measures till the retinal pigment epithelium). However, due to multiple factors, such as lower reflectivity, denser 
cataracts, and lack of fixation, there might be some fallacies in the measurements. In 10–17% of the cases of macula-off 
RRD, it was impossible to obtain AXL measurements using IOLMaster because of machine limitations, such as dense 
media opacity, poor fixation by the patients, or even the lack of the machine itself13,19,20 Rahman et al10 found that 
IOLMaster could not provide AXL measurements in ¼ of the cases. Therefore, the idea is to depend on the AXL of the 
fellow eye. This idea was encouraged because multiple articles have published comparable measurements of fellow eye 
AXL.12,21,22 Also, many studies that deal with myopic shifts after phacovitrectomy have excluded cases in which 
preoperative IOLMaster measurement of AXL could not be obtained. In the current study, the authors included these 
patients (37 of 100 did not have successful preoperative IOLMaster AXL measurements).

ARGOS is a new SS-OCT biometer that uses a fast-sweeping near-infrared laser with a wavelength of 1060 nm and 
excellent acquisition rates. It is 1.5 x faster than the IOLMaster with a measurement capture speed of less than 
one second. Longer wavelengths and rapid measurement speeds reduce light scattering from opaque media, allowing 
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Figure 5 Bland-Altman plot (same eye axial length by ARGOS).
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greater penetration through denser cataracts and increased acquisition rates.16,17,23 The main difference from other SS- 
OCT biometers is the concept of sum-of-segments in AXL measurement. The ARGOS biometer uses different refractive 
indices for different parts of the AXL. Calculation of segmented AXL equals the sum of 4 true physical distances 
calculated by dividing the optical distance by corresponding individual refractive index (cornea 1.375, aqueous 1.336, 
lens 1.41, vitreous 1.336) in contrast to a composite refractive index of 1.3549 that IOLMaster uses. The AXL measured 
using the ARGOS biometer tended to be shorter in long eyes (AXL > 26.0 mm) and longer in short eyes (AXL < 
22.5 mm). This could be explained by the fact that longer eyes have a relatively larger proportion of vitreous in the total 
AXL, and shorter eyes have a larger proportion of crystalline lenses in the total AXL.16,17,23

Postoperative AXL measurement was performed using the IOLMaster 700 SS-OCT biometer and was considered the 
benchmark for comparison with different preoperative AXL measurements. The postoperative AXL measurement was 
taken 8–10 weeks after the surgery to allow time for inflammation to resolve, any corneal edema or wound gapping to 
resolve, and gas tamponade absorption. Patients who required silicone oil tamponade were excluded from the study to 
avoid fallacies in postoperative AXL measurements due to the presence of silicone oil. All AXL measurements were 
performed by the same experienced operator (H.A.H). to avoid measurement variation errors with a reproducible 
technique, and the average of three quality scans was used.

Applanation A-scan ultrasound biometry was used in the current study rather than the immersion method, because it 
is the most commonly used method in clinical practice. Immersion A-scan biometry requires an additional coupling fluid, 
is more difficult to perform, and not all operators are trained to perform this technique. Applanation A-scan biometry has 
the problem of variable corneal compression, which can further reduce AXL measurements.24,25 In the current study, 
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Figure 6 Bland-Altman plot (same eye axial length by ARGOS: ERV mode).
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corneal compression was minimal during AXL measurements (there was no statistically significant difference between 
anterior chamber depth measured by applanation A-scan biometry and optical biometry as shown in Table 2). AXL 
measurements by A-scan ultrasound biometry were performed in both sitting and supine positions. The sitting position 
was used to mimic the optical biometry measurement position and the supine position was used to mimic the immersion 
ultrasound biometry position. In the current study, the supine position yielded a longer mean AXL measurement than the 
sitting position did. This could be explained by the fact that the supine position may somehow disperse the subretinal 
fluid away from the macular area, whereas in the sitting position, the detached retina moves away from retinal pigment 
epithelium. Pongsachareonnont and Tangjanyatam26 compared the accuracy of AXL measurements obtained using 
immersion A-scan ultrasound and IOLMaster 500. They reported a longer mean AXL with immersion ultrasound 
biometry and explained this by the same idea of dispersing the subretinal fluid in the supine position. They explained 
the lower accuracy of IOLMaster measurements by interference of the detached retina with retinal pigment epithelium 
light reflectivity, leading to the misinterpretation of signals from the detached macula rather than the retinal pigment 
epithelium. In the current study, the mean preoperative AXL measured using the IOLMaster 700 was lower than the 
mean of both positions of the A-scan AXL measurements, which confirms the above-mentioned explanation. However, 
A-scan ultrasound biometry showed a higher standard deviation than IOLMaster measurements. Moussa et al15 assessed 
the refractive outcomes and accuracy of biometry in phacovitrectomy and sequential operations in patients with retinal 
detachment compared with routine cataract surgery. They reported comparable refractive outcomes when the IOLMaster 
700 was used and inferior refractive outcomes when ultrasound biometry was used.
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Figure 7 Bland-Altman plot (same eye axial length by ARGOS: user adjusted method).
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The use of fellow-eye biometry was suggested because of errors in same-eye biometry. There was little difference in 
the AXL measurements between both eyes (82.5% had a < 0.3 mm difference between eyes). Some conditions may 
hinder the use of fellow eye biometry, such as significant anisometropia, or fellow eye conditions that affect AXL 
readings, such as poor fixation, media opacity, or macular edema. This is a good tool for comparing fellow eye biometry 
with the known refraction.12 In the current study, the mean AXL of fellow eyes measured by IOLMaster was 0.17 mm 
shorter than that of postoperative AXL measured by IOLMaster. This was the closest result obtained using optical 
biometry for both the same and fellow eyes. ARGOS biometry for the fellow eyes yielded shorter mean AXL as expected 
due to the nature of the measurement technique of segmented AXL (0.49 mm shorter than the mean postoperative AXL- 
IOLMaster and 0.32 mm shorter than the mean preoperative fellow eye AXL-IOLMaster). It should be noted that both 
fellow eye measurements showed a high standard deviation. A difference of 0.3 mm in the AXL results in around 0.75 
D change in the IOL (0.5 D in refraction), which is very acceptable El-Khayat et al12 concluded that IOL power 
calculations using fellow eye biometry for phacovitrectomy in macula-off RRD were more accurate and better than those 
from the same eye biometry.

The ARGOS SS-OCT biometer in the standard mode showed the shortest mean AXL among the preoperative optical 
biometry measurements for both the same and fellow eyes. This was second to applanation A-scan biometry in the sitting 
position. ARGOS measurements showed high variability in macula-off eyes and the measurements were repeated several times 
to obtain reliable readings. In contrast to IOLMaster, no eyes could not be measured. The user-adjusted method for ARGOS is an 
option for the macula-off RRD. This study is the first to publish this technique for biometry of macula-off RRD. The ARGOS 
biometer allows the operator to analyze the image formed and to check the location of the spikes in the cornea, lens, and retina. 
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Figure 8 Bland-Altman plot (fellow eye axial length by ARGOS).
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The operator can verify that the measured AXL distance reaches the RPE. If the measurement is falsely short, the user can simply 
move the cursor backward until it reaches the RPE level and measure the correct AXL. The user-adjusted method improved the 
accuracy of ARGOS AXL measurements. Table 3 shows a representative case for different methods used to measure the AXL.

The ERV mode in ARGOS yielded the best results for preoperative AXL measurements using optical biometry in the 
same eye. The mean AXL was 0.33 mm shorter than the mean postoperative AXL-IOLMaster, which was the closest 
measurement considering that the ARGOS biometer measured a shorter AXL than IOLMaster. As mentioned above, the ERV 
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Figure 9 Bland-Altman plot (same eye axial length by combined A-vector/B scan).

Table 2 Preoperative Anterior Chamber Depth 
Measurements

Mean ± SD (mm)

Applanation A-scan (sitting) 3.02 + 0.56

Applanation A-scan (supine) 3.05 + 0.59

IOLMaster 3.12 + 0.49

ARGOS 3.11 + 0.48

Note: (*) there was no statistically significant difference.
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mode operates by changing the OCT-sensitive position to the retinal side, which enhances the retinal spike. This is useful in 
cases of macula-off RRD, and could explain why this mode yielded the best results in optical biometry of the same eyes.

The combined vector-A/B-scan ultrasound yielded the closest results for the mean AXL. The mean AXL measured by 
this method was 0.10 mm longer than that of the postoperative AXL measured by IOLMaster. The results show the lowest 
standard deviation. This method was first described in 2016 by the authors to measure AXL in cases of macula-off RRD.

Conclusions
In conclusion, optical biometry of the fellow eye in macula-off RRD was noted to be highly correlating with the 
postoperative optical biometry of the same eye using IOL Master 700 in eyes without anisometropia. IOLMaster 700 
showed less accuracy in the AXL measurements for the same eye. The ARGOS optical biometer may have a good 
potential for measuring the same eye AXL. Using the ERV mode or a user-adjusted method for the ARGOS optical 
biometer may improve the accuracy of AXL measurements. The most accurate method for measuring AXL in the same 
eye was vector-A/B-scan ultrasound.

Abbreviations
AXL, axial length; OCT, optical coherence tomography; ERV, enhanced retina visualization; RRD, rhegmatogenous 
retinal detachment; IOL, intraocular lens; OB, optical biometry; SS-OCT, swept source optical coherence tomography; 
U/S, ultrasound.
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Table 3 Representative Case

Axial length (mm)

Applanation A-scan (sitting) 22.48

Applanation A-scan (supine) 23.01

IOLMaster Not read

ARGOS 21.35

ARGOS ERV mode 23.40

ARGOS user adjusted 23.08

Combined vector A/B-scan 22.70

Fellow eye IOLMaster 22.60

Fellow eye ARGOS 22.61

Postoperative IOLMaster 23.12
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