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Abstract
Purpose  To assess the feasibility and reliability of biometric measurements taken with the Eyestar 900 device in keratoconus 
eyes in comparison with those taken with the Pentacam HR and IOLMaster 700.
Methods  Seventy-five eyes of 75 patients with keratoconus were included. The central corneal thickness (CCT), thinnest 
point of corneal thickness (TCT), axial length (AL), flat (K1) and steep (K2) anterior and posterior (Kp1, Kp2) keratometry, 
maximal keratometry (KMax) and anterior chamber depth (ACD) were compared between the Eyestar 900, Pentacam HR 
and IOLMaster 700. Reliability parameters such as the coefficient of variation (CoV) and intraclass correlation coefficient 
(ICC) were calculated. Pearson’s r was determined to assess the correlation between devices.
Results  A high repeatability (CoV < 1%) and intraclass correlation (ICC > 0.9) was found for all devices, led by AL, TCT, 
K1 and K2 (CoV 0.01–0.36%; ICC 0.994–1.00). The largest correlation between devices was found for AL (Eyestar vs. 
IOLMaster, r = 1.0), K1 (Eyestar vs. IOLMaster, r = 0.997) and ACD (Eyestar vs. IOLMaster, r = 0.995; Pentacam vs. IOL-
Master, r = 0.987; Eyestar vs. Pentacam, r = 0.983), but there were significant differences in measured values between devices 
(p < 0.001), whereas the correlation was only slightly lower (r = 0.947 to 0.994) for KMax, CCT, TCT, K2, Kp1 and Kp2.
Conclusion  Keratometric and axial length measurements with the Eyestar 900 were feasible and revealed a high repeatability 
and a good correlation to the other devices in eyes with keratoconus.
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Introduction

Keratoconus is a progressive ectatic disorder of the cornea, 
characterized by thinning, protrusion and irregularity of the 
curvature. It is mainly a bilateral disease but may mani-
fest asymmetrically [1]. The prevalence varies across geo-
graphic regions [2]. In Europe, a prevalence of about 55–86 
per 100, 000 with a male predominance has been reported, 
whereas in Saudi Arabia, it is higher at 4.79% [3–5].

For imaging, different measurement techniques are used 
in the clinical routine. Scheimpflug-based systems produce 
slit-light images with maximal resolution where the objective, 
focus and image planes meet at a common intersection point. 
The resulting images allow three dimensional topo- and tomo-
graphic maps of the anterior and posterior corneal surface and 
the anterior segment to be calculated with high accuracy [6].

Scheimpflug systems as well as devices based on optical 
coherence tomography (OCT) allow corneal tomographies, 
including anterior and posterior corneal surface identifica-
tion, to be performed [7].

Optical coherence tomography has been an established 
method for non-invasive retinal imaging for more than two 
decades. In the last years, different OCT devices for ante-
rior segment evaluation, including that of the cornea, have 
been made available. Due to the high resolution and short 
acquisition time, as well as the use of an infrared laser 
beam, OCT measurements are presumably less prone to 
imaging artifacts and able to depict the geometrical shape 
of the cornea better than the Scheimpflug technique, 
which is based on the analysis of video-recorded slit-beam 
images and is therefore more susceptible to errors (e.g. 
poor surface conditions, corneal haze or scars) [8, 9].

OCT-based devices can master these obstacles, via infrared 
wavelength laser-light and a high processing speed, passing clear 
to slightly opaque media and thereby producing high- resolution 
images of the anterior and posterior corneal surfaces [10].

Topographic measurements, at present often performed 
with Scheimpflug-based devices, are essential for moni-
toring keratoconus progression, deciding on treatment 

Key messages  

What is known:  
SS-OCT can accurately display difficult corneas with good resolution. 
SS-OCT shows good agreement and repeatability with Scheimpflug devices. 

What is new:  
The Eyestar 900 revealed a good repeatability of biometric parameters in eyes with keratoconus.  
High agreement was found with IOLMaster and Pentacam at early to mild stages of ectasia.  
The parameters for advanced keratoconus led to outliers even with newer devices. 

indications and assessing the post-surgical course and 
outcome. Therefore, accurate imaging with a high reli-
ability and repeatability is crucial yet difficult to achieve in 
irregular corneas, especially those with keratoconus [11].

The identification and reliable measurement of an irregular 
cornea is also crucial in biometric measurements and the pre-
requisite for an optimal intraocular lens (IOL) power calcula-
tion before cataract surgery [12, 13]. In eyes with keratoconus, 
obtaining accurate keratometric and pachymetric measure-
ments for tracking possible disease progression and obtaining 
reliable axial length (AL) measurements for IOL calculation 
is challenging. While ultrasonic pachymetry was the gold 
standard for measuring central corneal thickness (CCT), the 
Pentacam HR (Oculus, Wetzlar, Germany) has been shown to 
measure pachymetry (e.g. CCT) and keratometry with a high 
repeatability in eyes with advanced keratoconus, and the IOL-
Master 700 (Carl Zeiss, Oberkochen, Germany) performs addi-
tionally precise AL measurements in such patients [14–16]. 
Determination of accurate keratometry values in keratoconus 
patients is feasible in mild to moderate ectasias but is prone to 
lower reproducibility in advanced stages [15, 17].

The Eyestar 900 (Haag-Streit AG, Koeniz, Switzerland) is a 
new biometer based on swept-source OCT (ss-OCT) technology. 
To the best of our knowledge, only limited data on the feasibility 
and repeatability of corneal measurements taken with the Eyestar 
and its agreement with other biometric or topographic devices is 
available for keratoconus eyes. The aim of this study is to evalu-
ate the feasibility and repeatability of corneal measurements in 
keratoconus eyes with the Eyestar 900 and compare it to the IOL-
Master 700, also a ss-OCT based biometry device, and to the 
Pentacam HR, a Scheimpflug device.

Methods

Patients

A total of 75 patients’ right eyes with keratoconus were 
enrolled in the Department of Ophthalmology, Inselspi-
tal, University of Bern, Bern, Switzerland for this study. 
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All stages of keratoconus were accepted (sublinical, early 
to advanced); eyes with hydrops, corneal scarring or any 
history of corneal surgeries (except corneal crosslinking 
performed > 1 year prior) were excluded. The keratoco-
nus diagnosis was based on slit-lamp findings and corneal 
topography with a Placido (Tomey TMS) and a Scheimpflug 
device (Oculus Pentacam HR).

Each cornea was measured three times with each of 
the devices named below, in a randomized order and a 
dark environment, according to the manufacturer’s guide-
lines. Patients were instructed to blink repeatedly before 
each measurement. The mean values were determined and 
included in the analyses. Measurements of low quality or 
with relevant imaging artefacts were discarded and repeated.

Devices

The Pentacam HR (software version 1-22r05), a Scheimpflug 
device, produces a single slit-lamp frame series in one 180° 
rotation, using a 475 nm blue LED, calculating a detailed 
topography of the anterior and posterior corneal surfaces and 
also measuring the anterior chamber depth.

The IOLMaster 700 (software version 1.90.12.05), 
biometer is based on ss-OCT technology, operating with a 
1055 nm wavelength laser, allowing a full scan of the visual 
system. Apart from keratometry, measuring from the ante-
rior corneal apex to the fovea allows AL measurements as 
well as verification of fixation quality and the central (4 mm) 
topography of the anterior surface and total corneal power.

The Eyestar 900 (software version 1.2.3), which is also 
an ss-OCT device, uses a wavelength of 1060 nm with a 
scan speed of 30 kHz. This biometer enables measurement 
and topographical assessment of the anterior and posterior 
corneal surface, measurement and illustration of the anterior 
chamber and lens and measurement of the AL (cornea-to-
retina biometry).

Parameters

The following parameters were measured: CCT (all three 
devices) and thinnest point of corneal thickness (TCT; Pen-
tacam and Eyestar), AL (IOLMaster and Eyestar), flat (K1) 
and steep (K2) anterior keratometry and flat posterior (Kp1) 
and steep posterior (Kp2) keratometry (all three devices), 
maximal keratometry (KMax; Pentacam and Eyestar) within 
the measured zone and anterior chamber depth (ACD, all 
three devices).

Statistical analysis

Statistical analysis was performed using SPSS version 
28 (IBM, Armonk, New York, United States). The Shap-
iro–Wilk test was used to determine the normal distribution. 

For intrasubject repeatability and accuracy, the within-subject 
standard deviation (Sw; SD) was used to calculate precision 
(1.96xSw) and the repeatability index (RI = 2.77 × Sw for 
test–retest variability). The within-subject coefficient of vari-
ation (CoV) was determined by dividing Sw by the means, 
expressing high repeatability in lower values (in %). A two-
way mixed model was used to assess the intraclass correlation 
coefficient (ICC) for reliability or variance between measure-
ments within a device (0 = no agreement; < 0.75 = low agree-
ment; 0.75–0.90 = moderate agreement; > 0.75 = good agree-
ment; 1 = perfect agreement) [18].

Pearson’s r was determined to assess the correlation between 
devices (0–0.3 = small; 0.3–0.5 = medium; > 0.5 = large corre-
lation; independent of the algebraic sign) [19]. Bland–Altman 
plots were used to evaluate the agreement between devices with 
95% limits of agreement (LoA) [20, 21]. To compare means, 
the repeated-measures analysis of variance (ANOVA) for para-
metric data and the Friedman test for non-parametric data were 
used. A p-value of < 0.05 was considered statistically signifi-
cant. However, in view of the number of comparisons (three), 
the significance level α was adjusted to p < 0.0167 to avoid 
α-error accumulation according to the principle of Bonferroni 
correction [22].

Ethical approval

The study was approved by the cantonal Ethics Committee 
of Bern (Swissethics ID #2020–0119). A written informed 
consent was obtained from all participants. The study was 
performed in accordance with the Declaration of Helsinki.

Results

In this study, a total of 75 eyes of 75 patients with kera-
toconus were enrolled. The mean patient age was 
29.2 ± 10.8 years, and 65% of the participants were male 
(Table 1). All patients were Caucasians, except for one Asian 
and one African patient. The mean KMax value obtained 

Table 1   Demographic data on 
patients with keratoconus

KMax was determined with Pen-
tacam. SD, standard deviation; 
KMax, maximal keratometry

age (mean, SD) 29.2 ± 10.8
sex (N patients, %)
female 10 (13.3)
male 65 (86.7)
KMax (N eyes, %)
 < 50 D 26 (34.7)
50-55 D 23 (30.7)
 > 55 D 26 (34.7)



894	 Graefe's Archive for Clinical and Experimental Ophthalmology (2024) 262:891–901

1 3

with the Pentacam was 53.0 ± 6.12 D, with 34.7% of the 
eyes revealing KMax values below 50 D and as many above 
55 D (Table 1).

Table 2 shows the repeatability of biometric measure-
ments in keratoconus eyes for each device. Leading with 
an overall high repeatability value were the measure-
ments of AL by the Eyestar (RI = 0.008, CoV = 0.01%, 
ICC = 1.00) and the IOLMaster (RI = 0.01, CoV = 0.02%, 
ICC = 1.00). A slightly lower but not significantly differ-
ent (p > 0.05) repeatability between repeated measure-
ments within each device was found for measurements of 
the CCT (Eyestar: RI = 5.84, CoV = 0.44%, ICC = 0.997; 
Pentacam: RI = 3.94, CoV = 0.30%, ICC = 0.999; IOL-
Master RI = 5.41, CoV = 0.40%, ICC = 0.999), TCT 
(Eyestar: RI = 2.76, CoV = 0.21%, ICC = 1.0; Pentacam: 
RI = 4.60, CoV = 0.36%, ICC = 0.999;) and KMax (Eyestar: 
RI = 0.90, CoV = 0.60% ICC = 0.994; Pentacam: RI = 0.52, 
CoV = 0.34%, ICC = 0.999). The ICC generally showed an 

overall good correlation, highest for TCT measurements 
with the Pentacam, for AL with the Eyestar and IOLMaster 
and for K2 with the Eyestar (ICC = 1.0, each). Overall, there 
were no significant differences between the repeated meas-
urements of each device. The differences in repeated CCT 
measurements with the IOLMaster were not significant. The 
only exception was the measurement of K1 with the IOL-
Master, where the differences between the three repeated 
measurements was significant (p = 0.012). However, when 
excluding all eyes with KMax > 55 D, no significant dif-
ferences were found (p = 0.82). The lowest ICC was found 
for K2 measured with the IOLMaster, for KMax with the 
Pentacam (both, ICC = 0.994), for Kp1 with the Eyestar 
(ICC = 0.995) and the Pentacam (ICC = 0.996) and for Kp2 
with the Eyestar (ICC = 0.996; Table 2).

The means and SD of the differences in the device com-
parisons and their LoAs are shown in Table 3, whereas the 
corresponding Bland Altman plots are depicted in Figs. 1, 

Table 2   Intrasubject 
repeatability

1 ANOVA, 2Friedman; SD, Standard deviation; Sw, Within-subject standard deviation; RI, Repeatability 
Index; CoV, coefficient of variation; ICC, intraclass correlation coefficient; CCT​, central corneal thickness; 
AL axial length; K1, anterior keratometry flat; K2, anterior keratometry steep; Kp1, posterior keratometry 
flat; Kp2, posterior keratometry steep; KMax, maximal keratometry; ACD, anterior chamber depth

Parameter and device mean ± SD Sw precision RI CoV
(%)

ICC p-value

CCT (μm)1 Eyestar 493.47 ± 40.00 2.11 4.13 5.84 .44 .997 .592
Pentacam 482.19 ± 42.20 1.42 2.79 3.94 .30 .999 .710
IOLMaster 498.27 ± 43.47 1.95 3.83 5.41 .40 .999 .036

TCT (μm)1 Eyestar 480.94 ± 42.11 1.00 1.95 2.76 .21 1.00 .547
Pentacam 472.98 ± 43.65 1.66 3.25 4.60 .36 .999 .880
(IOLMaster) - - - - - -

AL (mm)1 Eyestar 24.07 ± 1.10 .003 .006 .008 .01 1.00 .779
(Pentacam) - - - - - -
IOLMaster 24.05 ± 1.11 .004 .007 .01 .02 1.00 .453

K1 (D)2 Eyestar 44.97 ± 3.59 .11 .21 .30 .23 .999 .669
Pentacam 44.83 ± 3.09 .11 .21 .29 .23 .999 .480
IOLMaster 44.06 ± 3.21 .10 .19 .27 .21 .999 .012

K2 (D)2 Eyestar 48.75 ± 5.34 .12 .23 .32 .23 1.00 .187
Pentacam 47.64 ± 4.01 .11 .22 .31 .24 .999 .511
IOLMaster 47.69 ± 5.08 .16 .32 .46 .33 .994 .692

Kp1 (D)2 Eyestar -6.56 ± .68 .04 .09 .12 .66 .995 .131
Pentacam -6.61 ± .65 .04 .08 .11 .65 .996 .320
IOLMaster -6.07 ± .58 .04 .07 .11 .62 .999 .221

Kp2 (D)2 Eyestar -7.19 ± .89 .05 .10 .14 .68 .996 .852
Pentacam -7.23 ± .80 .04 .08 .11 .55 .998 .174
IOLMaster -6.74 ± .82 .04 .07 .10 .54 .999 .058

KMax (D)2 Eyestar 51.30 ± 4.66 .32 .63 .90 .60 .994 .721
Pentacam 53.0 ± 6.12 .19 .37 .52 .34 .999 .574
(IOLMaster) - - - -

ACD (mm)1 Eyestar 3.66 ± .31 .01 .03 .04 .38 .998 .407
Pentacam 3.18 ± .31 .01 .02 .03 .33 .999 .490
IOLMaster 3.64 ± .30 .01 .02 .03 .30 .999 .892
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2 and 3. Overall, the measurements of all parameters with 
the three devices, correlated largely with each other, with r 
values > 0.947 for KMax, and r values > 0.96 for K1 (Eyestar 
vs. Pentacam) and Kp2 (Eyestar vs. IOLMaster). The largest 
correlation was found for AL between Eyestar and IOLMas-
ter, for K1 between Eyestar and IOLMaster, and for ACD 
between Eyestar and IOLMaster (r = 1.0 for each).

Despite the large correlation, significant differences 
were found for all parameters between the three devices 
(p < 0.001, each), except for K1 Eyestar vs. Pentacam 
(p = 0.31), for K2 Pentacam vs. IOLMaster and for Kp1 Eye-
star vs. Pentacam (both p = 0.54). No significant difference 
was found for Kp2 between Eyestar and Pentacam. The best 
agreement was found for CCT, TCT, Kp1 and Kp2 between 
Eyestar and Pentacam, for ACD between Eyestar, Penta-
cam and IOLMaster and for AL, K1, K2 and ACD between 
Eyestar and IOLMaster (Figs. 1, 2 and 3). The lowest agree-
ment was found for KMax and CCT between Pentacam and 
IOLMaster, for K2 between Eyestar and Pentacam and for 
Kp1 and Kp2 between Pentacam and IOLMaster. The values 
outside the LoAs were mainly from corneas with KMax > 55 
D, which contributed the most to the dispersion (Figs. 1, 2 
and 3, coloured markings).

Discussion

To the best of our knowledge and up until now, there is 
only very limited data comparing biometric measurements 
with the Eyestar 900 to other devices in keratoconus eyes. 
In our prospective study we therefore compared measure-
ments taken with the Pentacam, Eyestar 900 and IOLMaster 
700 devices in keratoconus eyes and analysed the feasibility 
and repeatability of such measurements with the Eyestar 
900. All measurements showed a very good repeatability 
for each device (Table 2) as well as correlation between the 
three devices (Table 3). This is consistent with the current 
literature, reporting such biometric measurements in patients 
with and without keratoconus [15, 17, 23–25].

Our results are in line with those of Galzignato et al., who 
also reported a very high repeatability of AL measurements 
with the Eyestar and IOLMaster 700 and a rather lower one for 
CCT [15, 23]. Our study found a lower repeatability of CCT 
measurements than that of Galzignato et al. This is most likely 
because they investigated biometric values in a healthy cohort 
and excluded keratoconus patients. The accuracy of corneal 
thickness measurements is known to be reduced in keratoconus 
patients and to depend on the extent of ectasia [15].

Table 3   Device comparison

1 ANOVA, 2Friedman, 3T-Test, 4p < .001; LoA,  limit of agreement; r, Pearson’s correlation coefficient; CCT​, central corneal thickness; TCT​, 
thinnest corneal thickness; AL, axial length; K1, anterior keratometry flat; K2, anterior keratometry steep; Kp1, posterior keratometry flat; Kp2, 
posterior keratometry steep; KMax, maximal keratometry, ACD, anterior chamber depth

Parameter and device Mean ± SD of differences 95% LoA r p-value

CCT (μm)1 Eyestar vs. Pentacam 11.29 ± 7.48 -3.37 – 25.95 .9854  < .001
Eyestar vs. IOL Master -4.79 ± 8.05 -20.56 – 10.98 .9854  < .001
Pentacam vs. IOLMaster -16.08 ± 9.15 -34.01 – 1.85 .9784  < .001

TCT (μm)1,3 Eyestar vs. Pentacam 7.96 ± 8.03 -7.78 – 23.70 .9834  < .001
AL (mm)2,3 Eyestar vs. IOLMaster .02 ± .02 -.01 – .05 1.004  < .001
K1 (D)2 Eyestar vs. Pentacam .13 ± 1.03 -1.88 – 2.14 .9654 .307

Eyestar vs. IOLMaster .91 ± .47 -.02 – 1.84 .9974  < .001
Pentacam vs. IOLMaster .77 ± .74 -.67 – 2.22 .9744  < .001

K2 (D)2 Eyestar vs. Pentacam 1.11 ± 1.65 -2.13 – 4.35 .9784  < .001
Eyestar vs. IOLMaster 1.06 ± .63 -.18 – 2.30 .9944  < .001
Pentacam vs. IOLMaster -.05 ± 1.42 -2.83 – 2.72 .9804 .054

Kp1 (D)2 Eyestar vs. Pentacam .05 ± .15 -.24 – .34 .9774 .054
Eyestar vs. IOLMaster -.49 ± .19 -.85 – -.12 .9704  < .001
Pentacam vs. IOLMaster -.54 ± .16 -.85 – -.24 .9754  < .001

Kp2 (D)2 Eyestar vs. Pentacam .04 ± .20 -.35 – .43 .9774 .030
Eyestar vs. IOLMaster -.45 ± .24 -.92 – .02 .9634  < .001
Pentacam vs. IOLMaster -.49 ± .18 -.85 – -.14 .9764  < .001

KMax (D)2,3 Eyestar vs. Pentacam -1.70 ± 2.28 -6.16 – 2.77 .9474  < .001
ACD (mm)1 Eyestar vs. Pentacam .48 ± .06 .37 – .60 .9834  < .001

Eyestar vs. IOLMaster .02 ± .03 -.04 – .08 .9954  < .001
Pentacam vs. IOLMaster -.46 ± .05 -.56 – -.36 .9874  < .001
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A study by Herber et al. showed that ss-OCT devices meas-
ured corneal thickness (CCT and TCT) in keratoconus patients 
with a higher accuracy and reproducibility than Scheimpflug 
devices, but the SD was higher than that in healthy eyes [26]. 
According to our data, the same also applies to TCT measure-
ments. The ICC of the CCT values measured with the Penta-
cam in our results (ICC = 0.999) are quite similar to the results 

reported by Kumar et al. (ICC = 0.998) [27]. In our Pentacam 
measurements the ICC for KMax was consistent with the find-
ings of Hashemi et al. (ICC = 0.970–0.996, depending on the 
keratoconus grade) [15].

To our best knowledge, there is only limited data analys-
ing KMax measurements taken with the Eyestar. Our study 
shows a large correlation between the two ss-OCT devices, 

Fig. 1   Bland–Altman plots with limits of agreement for the different 
biometric parameters measured with the Eyestar, Pentacam and 
IOLMaster. Central corneal thickness (Eyestar, Pentacam, IOLMaster); 

KMax, Maximal Keratometry (Eyestar vs. Pentacam); Thickness at the 
thinnest corneal point (Eyestar vs. Pentacam); Axial length (Eyestar vs. 
IOLMaster)
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the Eyestar and the IOLMaster. Accurate measurement of 
the AL is crucial for IOL calculations and is best ensured 
by optimal identification of the cornea and retina with the 
ss-OCT device [28].

Indeed, AL measurements taken with the Eyestar and 
the IOLMaster revealed a high reproducibility and cor-
relation between the two devices. However, the absolute 

measurement values differed significantly. Despite high 
accuracy, they are therefore not interchangeable. It is also 
well known that the AL can be prone to error in patients 
with a fixation problem, which might be a relevant problem 
in patients with advanced keratoconus [29, 30].

Anterior keratometry measurements generally showed 
consistent results, especially measurements of K2 with the 

Fig. 2   Bland–Altman plots with limits of agreement for the different biometric parameters measured with the Eyestar, Pentacam and IOLMaster. 
K1, Anterior flat keratometry (Eyestar, Pentacam, IOLMaster); K2, Anterior steep keratometry (Eyestar, Pentacam, IOLMaster)
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Eyestar. This same observation has already been reported 
for healthy corneas [23]. In our study, those values were 
slightly superior to the measurements with taken with the 
IOLMaster and Pentacam regarding ICC and CoV (Table 2). 
The superiority of the Eyestar in comparison with the IOL-
Master regarding K1 (Eyestar CoV = 0.16%; IOLMaster 
CoV = 0.218%) and K2 (Eyestar CoV = 0.19%; IOLMaster 
CoV = 0.226%) was also reported by Galzignato et al. but 
only for healthy eyes [23].

The posterior keratometry measurements with the Eye-
star in our study performed rather worse, with a higher 
SD for repeated measurements (Kp1 = -6.56 D ± 0.68 SD; 
Kp2 = -7.19 D ± 0.89SD) compared to the findings by Sorkin 
et al. (Kp1 = 6.1 D ± 0.3 SD, Kp2 = 6.3 D ± 0.3 SD) [25].

However, their publication included only a healthy cohort 
and no keratoconus patients [25].

Such higher SDs are to be expected, as the posterior cor-
neal float is also subject to pathological changes in kerato-
conus patients [31]. We observed no significant differences 
within the repeated keratometry measurement values of K1 
with each device in mild to moderate keratoconus stages. 
However, in the whole cohort (all keratoconus stages), a 
significant difference between repeated measurement values 
of K1 was found with the IOLMaster. This again underlines 
that more progressive stages contribute to measurement 
fluctuations and lower repeatability of measurements, as 
has been observed by Seiler et al. for the MS39, a spectral 
domain OCT device, and also with the Pentacam HR [17].

The best agreement between Eyestar and IOLMaster was 
found for ACD, AL, K1, K2, comparable to the findings of 
Lender et al., whose measurements however showed slight 
deviations in the ACD values between the IOLMaster and 
the Eyestar [24]. Interestingly, the correlation between Eye-
star, IOLMaster and Pentacam reported by Lender et al. were 
lower than in our study for certain parameters (rAL between 
Eyestar and IOLMaster, rK1 between IOLMaster and Eyestar, 
rK1 between IOLMaster and Pentacam, rK1 between Eyestar 
and Pentacam), although they have excluded eyes with kera-
toconus. On the other hand, the correlation coefficient r of 
K2 was similar to ours (Table 3) [24].

In our case, unlike in the study of Lender et al., three 
measurements were performed with each device, and the 
calculated means from these measurements were ana-
lysed which reduced the influence of possible outliers. Our 
study confirms that ss-OCT devices reveal a good agree-
ment of biometric parameters not only in healthy eyes but 
even in ectatic corneas [16, 32]. Interestingly, Sorkin et al., 

comparing Anterion (ss-OCT) with Eyestar in a healthy 
cohort, found a better agreement when Eyestar reflective 
anterior keratometric measurements were used instead of 
Eyestar ss-OCT anterior keratometric measurements for IOL 
calculation [25].

Low agreement and correlation were found for posterior 
keratometry values between the Eyestar and IOLMaster in 
particular. Fluctuating measurements of the corneal back 
surface have already been observed with different biometers 
in the previous literature [25, 33, 34]. The significant differ-
ences in almost all devices (Table 3) indicates that measure-
ments, though largely correlated, are not interchangeable. 
Furthermore, follow-up measurements and progression 
monitoring should be performed with the same device.

Considering the high reproducibility of measurements, 
changes during follow-up should likely be considered as 
possible signs of progression. However, measurement dif-
ficulties and fluctuations in advanced stages of keratoconus 
may still make interpretation difficult, and defining cut-
off values for relevant changes is still challenging [15]. 
It should be discussed whether reproducibility and cor-
relation are useful parameters that are sensitive enough to 
evaluate devices for this type of disease. The same issue 
has already been addressed in a recent publication by 
Seiler et al. [17].

The significant differences between the devices under-
scores the importance of monitoring a keratoconus patient 
ideally on the same device during follow-up. This ensures that 
changes in parameters are related to disease progression and 
not to a device change. If a clinic replaces a device, at least 
the first measurement(s) should ideally be taken with the old 
and the new device to better allow interpretation of the first 
set of measurements with the new device that then can be used 
as a new baseline. Other parameters such as refraction, visual 
acuity and clinical findings should additionally be included in 
the assessment of potential progression.

Perhaps the CoV as a percentage parameter, describing 
the ratio of the mean and the within-person standard devia-
tion, allows for a better assessment of the presence of a rel-
evant fluctuation. As shown in Table 2, even measurements 
with a high ICC (for example K1, all ICC = 0.999) show 
discrete differences in the CoV (0.21% and 0.23%). Further 
investigation is needed to pursue this idea in more detail.

Considering the measurement of corneal parameters 
in keratoconus patients, the Eyestar device may be useful 
because of its high repeatability, especially regarding meas-
urements of the TCT. Unfortunately, the KMax (as an impor-
tant progression and severity parameter) cannot be exported 
automatically at present from the Eyestar's database but must 
be exported manually [35]. Nevertheless, with a software 
update integrating such parameters, the device might have 
the potential for systematic assessments of ectasia severity 
as well as for progression analyses in keratoconus patients.

Fig. 3   Bland–Altman plots with limits of agreement for the different 
biometric parameters measured with the Eyestar, Pentacam and 
IOLMaster. Kp1, Posterior flat keratometry (Eyestar, Pentacam, 
IOLMaster); Kp2, Posterior steep keratometry (Eyestar, Pentacam, 
IOLMaster); Anterior chamber depth (Eyestar, Pentacam, IOLMaster)

◂
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The strengths of this study are the prospective design and 
the even distribution of different keratoconus stages in the 
cohort (Table 1). However, this study also has two main 
limitations: The analyses were conducted without separa-
tion by severity of ectasia. It would be interesting for future 
studies to compare different severities. The KMax value of 
the Eyestar cannot be automatically exported by the software 
currently but must be manually extracted from the tangential 
corneal maps.

In summary, this study reveals good reproducibility of the 
biometric parameters in keratoconus corneas for the Eyestar 
and a large correlation to the IOLMaster and the Pentacam. 
In corneas with advanced stages of keratoconus, measure-
ments appear to be less reliable.
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