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Abstract

Purpose

To compare the repeatability and agreement in biometric measurements using Spectral
Domain Anterior Segment OCT (AS-OCT, REVO-NX, Optopol) and Scheimpflug tomogra-
phy (Pentacam-AXL, Oculus) in keratoconus.

Methods

Prospective case series at a university hospital tertiary center. Axial length (AL), anterior
chamber depth (ACD), central corneal thickness (CCT), and thinnest corneal thickness
(TCT) were measured using both devices in patients with keratoconus. Three groups were
analyzed: eyes with no prior crosslinking or contact lens wear (Group A), eyes with prior
crosslinking (Group B), and eyes with prior contact lens wear (Group C). Repeatability and
agreement of measurements were analyzed.

Results

The study comprised of 214 eyes of 157 subjects. In Group A (n = 95 eyes), Group B (n =86
eyes), and Group C (n = 33 eyes), intraclass correlation coefficient (ICC) was higher than
0.90 for all examined parameters, except for ACD readings in Group A with the REVO-NX
(ICC =0.83). Differences in ACD, TCT, and CCT were significantly different between the
two devices for Groups A, B and C (p<0.05). AL measurements differed significantly in
Groups A and B (p<0.05) but not in Group C (p = 0.18). Repeatability did not vary signifi-
cantly between Groups A, B, or C in any parameter with both devices (p>0.05). There was
poor agreement between the two devices across all parameters (p<0.05).

Conclusions

Both devices demonstrated good repeatability but poor agreement across AL, ACD, CCT
and TCT measurements. There was no significant difference in repeatability in virgin eyes
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compared to eyes with prior crosslinking or contact lens wear, however, the interchangeable
use of the two devices is not recommended.

Introduction

Keratoconus is the most common form of corneal ectasia characterized by corneal steepening
and irregular astigmatism [1, 2], and is typically treated in a staged manner with refractive cor-
rection, cornea crosslinking (CXL) or corneal transplantation [3-7]. Patients with keratoconus
are at an increased risk of cataract formation due to associated atopy and steroid use [8]. Such
patients present unique challenges for the cataract surgeon regarding intraocular lens (IOL)
power calculation. The inherent difficulty in obtaining accurate biometric measurements,
changes in the relationship between the anterior and posterior cornea, inaccurate calculation
of the effective lens position due to inaccurate keratometry measurement, and axis of astigma-
tism [9] can result in unpredictable refractive outcomes [10]. Reduction of biometric measure-
ment error can therefore optimize post-operative refractive and visual outcomes in patients
with keratoconus.

Accurate biometric measurements can be challenging in patients with keratoconus, and
multiple publications have reported differences in biometric measurements obtained from dif-
ferent devices [11-14], including anterior chamber depth (ACD), keratometry, central corneal
thickness (CCT), thinnest corneal thickness (TCT), axial length (AL), and lens thickness (LT).

REVO-NX anterior segment spectral-domain optical coherence tomography (AS-OCT)
(Optopol Technology S.A) and Pentacam-AXL Scheimpflug imaging system (Oculus Optikge-
rite GmbH) are recently introduced contact-free devices which can measure ocular biometric
parameters. REVO-NX combines AS-OCT with optical biometry to generate ocular cross-sec-
tions using low-coherence interferometry [15]. Pentacam-AXL utilizes a rotating Scheimpflug
imaging system and incorporates partial coherence interferometry to obtain AL measurements
[16]. This study aimed to assess the repeatability and agreement of biometric measurements
obtained by REVO-NX and Pentacam-AXL in keratoconic patients with or without a history
of CXL or contact lens use.

Methods

This prospective study enrolled patients with keratoconus attending the University of Auck-
land Cornea and External Eye Disease Service, Auckland District Health Board, Auckland,
New Zealand from January to August 2019.

Patients who were diagnosed with keratoconus based on clinical and topographic features
were included [17, 18]. For keratoconus diagnosis and classification, we analyzed the topo-
graphic sagittal curvature pattern, posterior and anterior elevation maps and corneal thickness
pattern, in addition to information from the Belin-Ambrosio Enhanced Ectasia Display. Diag-
nosis was confirmed using the inbuilt parameters of the Pentacam including a Keratoconus
Index (KI, > 1.07) and Topographic Keratoconus Classification (TKC > 1) [19]. Keratoconus
severity was staged according to the TKC from 0 (normal) to 4 (severe) [20].

Exclusion criteria included corneal scarring, edema, severe atopy, dry eye, blepharitis,
trauma, or prior ocular surgery other than CXL. Contact lens wearers of any type were
instructed to remove their contact lenses at least 48 hours prior to the exam. Patients were ana-
lyzed in three groups: patients with no prior CXL or contact lens wear (Group A), patients
with a history of previous CXL between 3 to 6-months prior (Group B), and patients with
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prior contact lens wear of any type, including soft, rigid gas permeable (RGP), semi-scleral,
piggyback, and hybrid lenses (Group C). Only one eye from each individual was used for anal-
ysis within each group. The right eye of each patient was the default choice for analysis, but the
left eye was used if any of the exclusion criteria applied. The only situation where both eyes of
one patient were included was if one eye had a history of crosslinking or contact lens wear and
the other was an eye with no previous intervention, but eyes from the same patient were never
analyzed together in the same group. For comparison of repeatability between disease severi-
ties, those with disease severity between categories were rounded up (e.g. Stage 1-2 = Stage 2).

The study was approved by the Health and Disability Ethics Committee, a branch of the
Ministry of Health in New Zealand. Written, informed consent was obtained from all patients
after they voiced understanding of the purpose and the procedures of the study in accordance
with the Declaration of Helsinki.

Instruments

The REVO-NX is an optical biometer combined with anterior and posterior segment SD-OCT
which uses an 830nm super-luminescent laser diode to measure biometric parameters as an
average of 10 B-scans. This device obtains 110,000 scans per second at a scan depth of 2.4mm,
axial resolution of 5um, and transverse resolution of 12um [15].

The Pentacam-AXL is a partial coherence interferometry device that combines a rotating
Scheimpflug system with optical biometry using a blue 475nm light-emitting diode. The device
acquires 25-images per scan to produce high-resolution corneal measurements [16]. The pres-
ence of a second camera detects and corrects for any eye movement. Three-dimensional
Scheimpflug images are created with a central fine-meshed dot matrix. Anterior corneal sur-
face images derived over a 3-mm diameter are used for the calculation of simulated keratome-
try values [16].

Patient assessment

All patients received a thorough ocular assessment. Both devices were calibrated and eyes were
scanned three consecutive times on each device by one of two experienced examiners, in a ran-
dom order. All measurements were performed without pupil dilation and under identical
lighting conditions between 1.00 pm and 5.00 pm to limit the influence of overnight corneal
swelling [21]. Subjects were asked to fixate on the target and blink immediately before each
measurement to enable adequate tear film coverage. Scans of acceptable quality were included
as indicated by “ok” for Pentacam-AXL and a quality score greater than 5 for REVO-NX.
Automatic capture was enabled for both devices to eliminate differences between scans cap-
tured by the two different investigators.

Statistical analysis

Statistical analysis was performed using SPSS (SPSS, IBM, Chicago, Illinois, USA). Kolmogo-
rov-Smirnov test assessed for normality of distribution. Within-subject standard deviation
(Sw) was used to calculate precision (1.96xSw) and repeatability (2.77xSw). Repeatability of the
devices was assessed through the coefficient of variation (CV) and intraclass correlation coeffi-
cient (ICC).

Bland-Altman plots were used to assess agreement between the two devices [22]. When the
mean difference was statistically significant (fixed bias), linear regression was used to assess for
proportional bias. The 95% limits of agreement (LoA) was calculated through mean differ-
ence + 1.96 x standard deviation, which indicates the range where most of the mean differ-
ences in measurement are situated.
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Using Sw, One-way ANOVA with Tukey’s post-hoc assessed for differences in repeatability
between the three groups and between different keratoconus grades. Pearson correlation coef-
ficients between repeatability and maximum keratometry (Kyax) were calculated. A p value of
<0.05 was deemed significant.

Sample size calculation

Considering the novelty of the REVO-NX and its minimal published biometry investigations,
sample size calculations were performed based on the recent investigation of the device on AL
in normal subjects by Kanclerz et al [15]. A minimum of 47 eyes was required to produce a
similar level of repeatability at a significance level of 0.05, power of 80% and standard deviation
of 1.07 [15]. A minimum of 52 eyes was required if the REVO-NX and Pentacam AXL have a
similar agreement in biometric parameters as the REVO-NX and Lenstar at a significance level
of 0.05, power of 80% and standard deviation of 0.02mm [15].

Results
Demographics

The study comprised of 214 eyes of 157 patients. 95 eyes of 95 patients were included in Group
A, 86 eyes of 86 patients were included in Group B, and 33 eyes of 33 patients were included in
Group C. Table 1 describes the demographic details of the patients included in the study.

Repeatability of biometric measurements

In Group A, aside from an ICC of 0.83 for ACD in REVO-NX, ICC was above 0.97 for all
other parameters for both devices. In Group B, ICC was greater than 0.97 for both devices. In
Group C, ICC was greater than 0.99 in ACD, CCT, TCT for both devices. In all groups, ICC
was higher in Pentacam-AXL for all parameters.

The precision, repeatability, CV, and ICC of biometric parameters are displayed in Table 2.

Agreement of biometric measurements

Bland-Altman plots for ACD, CCT, TCT and AL are displayed in Figs 1-3 for Groups A, B,
and C respectively. Table 3 shows the mean difference in measurements and the 95% LoA
between the two devices.

In Group A and Group B, all measured parameters were significantly different between
REVO-NX and Pentacam-AXL (p<0.05). In Group C, with the exception of AL (p = 0.18), all
other parameters were significantly different (p<0.05).

Comparison of repeatability between three groups

There was no statistically significant difference in repeatability in any measurements between
the three groups in pairwise comparisons (p>0.05) (Table 4).

Comparison of repeatability between different keratoconus stages

In Groups A and C, there were no statistically significant differences in repeatability between
different stages of keratoconus in any of the parameters by either device.

In Group B, there was a statistically significant difference in repeatability in REVO-NX
derived AL measurements (p<0.01), where stage I eyes had higher variation than stage II
(mean difference = 0.10, p<0.01), stage III (mean difference = 0.101, p<0.01), and stage IV
(mean difference = 0.102, p<0.01). There was no statistically significant difference in
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Table 1. Demographic information of all patients included in the study.

Parameters Value
Patients (n) 157
Eyes (n) 214
Right 149 (69.6%)
Left 65 (30.4%)
Age (mean + SD, range) All patients 24.50£7.69, 10-64
Virgin Eyes
No intervention 95 (44.3%)
CXL
Yes 86 (40.2%)
No 128 (59.8%)

Contact lens use

No contact lens

181 (84.6%)

RGP 10 (4.7%)
Semi-scleral 6(2.8%)
Soft 12(5.6%)
Piggyback 3 (1.4%)
Hybrid 2(0.9%)
Keratoconus stage (TKC)
1 43 (20.1%)
1-2 17 (7.9%)
2 38 (17.8%)
2-3 22 (10.3%)
3 66 (30.8%)
3.4 28 (13.1%)
Kyax (Mean + SD, D) All patients 56.17+ 8.08
Virgin eyes 54.19 + 7.80
Prior CXL 57.55+7.51
Contact lens use 58.33+9.20

CXL, crosslinking; RGP, rigid gas permeable; TKC, topographic keratoconus classification; Kyjax, maximum

keratometry; D, diopter.

https://doi.org/10.1371/journal.pone.0248659.t001

repeatability of any Pentacam-AXL derived measurements or REVO-NX derived ACD, CCT,

and TCT measurements between different disease severities.

Correlation between repeatability and Kyax
Pentacam-AXL derived Ky;ax was correlated with both Pentacam-AXL and REVO-NX

derived biometric measurement variation.
In Group A, there was a positive correlation between Kyax and REVO-NX derived CCT

variation (r = 0.30, p<0.01), and a positive correlation between Kyax and Pentacam-AXL

derived AL variation (r = 0.40, p<0.01).
In Group B, there was a negative correlation between Kyjax and REVO-NX derived AL vari-
ation (r = -0.22, p = 0.04), and a positive correlation between Ky;ax and Pentacam-AXL derived

CCT (r=0.28, p=0.01), AL (r = 0.25, p = 0.02), and CCT variations (r = 0.24, p = 0.03).

In Group C, there was a positive correlation between Ky;ax and Pentacam-AXL derived
CCT variation (r = 0.40, p = 0.02) and TCT variation (r = 0.37, p = 0.03). No statistically signif-

icant correlations between Ky ox and REVO-NX measurement variation were found.
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Table 2. S,,, precision, repeatability, CV, and ICC (95% confidence interval).

Parameter (units) Mean + SD Within-Subject SD Precision Repeatability CV (%) ICC ICC 95% Confidence Interval
GROUP A (n =95)
ACD (mm)

« REVO NX 3.75+0.31 0.08 0.16 0.22 0.82 0.83 0.75 t0 0.88

« Pentacam-AXL 3.83 £0.31 0.03 0.05 0.08 0.40 0.99 0.99 to 1.00
CCT (um)

« REVO NX 480.28 +42.25 10.73 21.03 29.72 1.59 0.98 t0 0.99

» Pentacam-AXL 474.89 +42.44 2.92 5.73 8.10 0.43 0.99 0.99 to 1.00
AL (mm)

« REVO NX 24.02 £ 0.85 0.13 0.25 0.35 0.09 0.99 0.99 to 1.00

« Pentacam-AXL 23.97 £0.83 0.01 0.03 0.04 0.00 1.00 1.00 to 1.00
TCT (um)

« REVO NX 440.19 + 46.54 13.25 25.96 36.69 1.01 0.97 0.96 to 0.98

« Pentacam-AXL 464.84+ 44.65 2.98 8.26 0.44 0.44 0.99 0.99 to 0.99
LT (mm)

« REVO NX 4.89 + 12.64 0.08 0.16 0.22 1.28 0.98 0.97 to 0.98
GROUP B (n = 86)
ACD (mm)

« REVO NX 3.80+0.33 0.10 0.19 0.27 1.08 0.97 0.96 to 0.98

» Pentacam-AXL 3.89+0.35 0.03 0.06 0.08 0.43 0.99 0.99 to 1.00
CCT (pum)

« REVO NX 466.44+43.66 9.65 18.91 26.72 1.35 0.98 0.98 to 0.99

« Pentacam-AXL 456.26+45.18 3.70 7.26 10.26 0.49 0.99 0.99 to 1.00
AL(mm)

« REVO NX 23.91+0.95 0.08 0.16 0.23 0.05 0.99 0.99 to 1.00

« Pentacam-AXL 23.89+0.96 0.02 0.04 0.06 0.00 1.00 1.00 to 1.00
TCT (um)

« REVO NX 424,99 + 43.47 5.18 10.15 14.35 0.56 0.99 0.99 to 1.00

» Pentacam-AXL 444.81 £ 45.13 3.48 6.82 9.63 0.62 0.99 0.99 to 1.00
LT (mm)

« REVO NX 3.57+0.27 0.15 0.29 0.42 1.52 0.90 0.85t0 0.93
GROUP C (n = 33)
ACD (mm)

« REVO NX 3.70£0.38 0.03 0.06 0.09 0.70 0.99 0.99 to 1.00

« Pentacam-AXL 3.79£0.39 0.03 0.05 0.07 0.39 0.99 0.99 to 1.00
CCT(um)

« REVO NX 450.26+43.04 6.49 12.71 17.97 1.03 0.99 0.99 to 1.00

« Pentacam-AXL 444.43+47.89 4.48 8.77 12.40 0.58 0.99 0.99 to 1.00
AL (mm)

« REVO NX 23.95+0.98 0.10 0.20 0.28 0.06 0.99 0.99 to 1.00

» Pentacam-AXL 23.9240.97 0.01 0.03 0.04 0.00 1.00 1.00 to 1.00
TCT (um)

« REVO NX 416.33+45.59 3.25 6.37 9.00 0.27 0.99 0.99 to 1.00

» Pentacam-AXL 435.17+45.28 4.33 8.49 11.99 0.61 0.99 0.99 to 1.00
LT (mm)

« REVO NX 3.61+0.33 0.06 0.12 0.17 1.21 0.99 0.98 to 0.99

CV, coefficient of variation; ICC, intraclass correlation coefficient; ACD, anterior chamber depth; CCT, central corneal thickness; AL, axial length; TCT, thinnest
corneal thickness; LT, lens thickness.

https://doi.org/10.1371/journal.pone.0248659.t002
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chamber depth; CCT, central corneal thickness; AL, axial length; TCT, thinnest corneal thickness.

https://doi.org/10.1371/journal.pone.0248659.9001

Discussion

There is an abundance of devices capable of biometric measurements. Investigation of the
agreement between various devices determines the interchangeability of use in patient assess-
ment, management, and long-term surveillance in various clinical scenarios including cataract
surgery.

Previous studies have demonstrated that in normal eyes, AS-OCT and Pentacam Scheimp-
flug imaging can provide repeatable measurements for AL, ACD, CCT, and LT using various
biometers [15, 23, 24]. There is, however, a paucity of studies focusing on patients with kerato-
conus, where accurate measurements can be particularly difficult due to a longer AL, longer
posterior segment, and deeper ACD [25].

To the best of our knowledge, this is the first report describing the repeatability and agree-
ment of biometric measurements using REVO-NX and Pentacam-AXL in keratoconus.
Understanding the differences in measurement parameters between devices is instrumental in
optimizing the accuracy of IOL calculations and subsequently refractive outcomes, in patients
with keratoconus who are at an increased risk of developing visually significant cataracts [8].
The results of this study demonstrate high repeatability but poor agreement in the biometric
parameters as measured by REVO-NX AS-OCT and Pentacam-AXL in patients with keratoco-
nus, which was not affected by a history of CXL or contact lens wear.

REVO-NX has previously been reported to have excellent repeatability in normal and cata-
ractous eyes for AL, ACD, CCT, and LT [15, 26, 27]. In normal eyes, REVO-NX was found to
have good agreement with IOLMaster700 (Carl Zeiss Meditec AG, Germany) [26], but poor
agreement with optical low coherence reflectometer (Lenstar LS 900, Haag-Streit AG, Ohio,
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Fig 2. Bland-Altman plots for ACD (2A), CCT (2B), AL (2C), and TCT (2D) for REVO-NX and Pentacam-AXL in Group B eyes. ACD, anterior
chamber depth; CCT, central corneal thickness; AL, axial length; TCT, thinnest corneal thickness.

https://doi.org/10.1371/journal.pone.0248659.g002

USA) [15], Scheimpflug imaging (Galilei G6, Ziemer, Port, Switzerland), and swept-source
OCT (Casia, Tomey, Nagoya, Japan) [27].

In eyes with keratoconus, several studies have reported good repeatability in ACD, CCT,
and TCT measurements using various AS-OCT and Scheimpflug imaging devices, including
spectral-domain AS-OCT (Bioptigen Inc., Durham, North Carolina, USA and Optovue, Cali-
fornia, USA) [11, 28], swept-source AS-OCT (CASIA SS1000, Tomey, Nagoya, Japan), Fou-
rier-domain AS-OCT (Casia SS-1000, Tomey Corp, Nagoya, Japan) [15], Pentacam
Scheimpflug imaging (Oculus Optikgerate GmbH, Wetzlar, Germany) [11, 28], and TMS-5
Scheimpflug imaging (Tomey, Erlangen, Germany) [29]. In keratoconus, most authors caution
that AS-OCT and Scheimpflug imaging devices should not be used interchangeably for ACD,
CCT, and TCT measurements [11, 13, 28, 29]. Some authors, however, have reported insignifi-
cant differences in ACD and CCT measurements yielded by AS-OCT and Scheimpflug imag-
ing in keratoconus [14].

The results of this study indicate better repeatability using Scheimpflug imaging compared
to AS-OCT in AL, ACD, CCT, and TCT. This is in contrast to previous studies, where Fou-
rier-domain AS-OCT (Casia SS-1000, Tomey Corp, Nagoya, Japan) was more repeatable than
Scheimpflug imaging (Pentacam HR, Oculus, Wetzlar, Germany) for CCT, TCT, and ACD in
patients with keratoconus [13], while AS-OCT (CASIA SS-1000, Tomey, Nagoya, Japan) was
more repeatable than Scheimpflug imaging (TMS-5, Tomey, Erlangen, Germany) for CCT in
patients with keratoconus [29].

Contrary to the findings of this study, Yazici et al. found no significant difference in mean
ACD and CCT in keratoconic eyes (Amsler-Krumeich Grades I-III) using time-domain OCT
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https://doi.org/10.1371/journal.pone.0248659.9003

(Visante OCT, Carl Zeiss Meditec, California, USA), Placido disc-based Scanning Slit topogra-
phy (Orbscan IIz, Bausch & Lomb, Rochester, NY, USA), and Scheimpflug imaging (Penta-
cam, Oculus, Lynnwood, WA, USA) [14]. Differences in the analysis method may have

contributed to this discrepancy, where Yazici et al. compared absolute mean measurement val-
ues between devices, whereas we compared the mean difference between devices.

Table 3. Agreement between REVO-NX and Pentacam-AXL in biometric measurements.

Subgroup Parameter (units) Mean Difference p Value Fixed Bias Proportional Bias 95% LoA
Group A ACD (mm) -0.09 £0.14 <0.01 Yes No -0.35t00.18
CCT (um) 5.39 +20.10 0.01 Yes No -34.00 to 44.79
AL (mm) 0.05+0.23 0.03 Yes No -0.40 to 0.51
TCT (um) 24.38+25.27 <0.01 Yes No -73.90 to 25.15
Group B ACD (mm) -0.09£0.07 <0.01 Yes Yes -0.23 t0 0.05
CCT (um) 10.17+10.20 <0.01 Yes No -9.82 t0 30.17
AL (mm) 0.01+0.05 0.02 Yes No -0.09 to 0.12
TCT (um) -21.42+21.66 <0.01 Yes No -63.88 to 21.04
Group C ACD (mm) -0.09£0.03 <0.01 Yes No -0.16 to -0.02
CCT (um) 5.83+10.31 <0.01 Yes Yes -14.38 to 26.04
AL (mm) 0.03+0.11 0.18 No No -0.20 to 0.25
TCT (um) -19.00+14.35 <0.01 Yes No -47.12t0 9.12

LoA, limits of agreement; ACD, anterior chamber depth; CCT, central corneal thickness; AL, axial length; TCT, thinnest corneal thickness; LT, lens thickness.

https://doi.org/10.1371/journal.pone.0248659.t003
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Table 4. Comparison of repeatability between groups.

Parameter (units) Device
ACD (mm) REVO NX

Pentacam-AXL

CCT (um) REVO NX

Pentacam-AXL

AL(mm) REVO NX

Pentacam-AXL

TCT (um) REVO NX

Pentacam-AXL

Comparison (group) Mean Difference
AvsB <-0.01
AvsC 0.02
BvsC 0.02
AvsB <-0.01
AvsC <0.01
BvsC <0.01
AvsB 1.01
AvsC 2.20
BvsC 1.19
AvsB -0.32
AvsC -0.07
BvsC -0.39
AvsB 0.02
AvsC 0.01
BvsC <-0.01
AvsB <-0.01
AvsC <0.01
BvsC <0.01
AvsB 2.03
AvsC 3.03
BvsC 1.00
AvsB -0.44
AvsC -0.58
BvsC -0.14

Standard Error
0.01
0.02
0.01
<0.01
<0.01
<0.01
1.05
1.42
1.44
0.35
0.47
0.48
0.02
0.02
0.02
<0.01
<0.01
<0.01
1.30
1.78
1.81
0.31
0.42
0.43

ACD, anterior chamber depth; CCT, central corneal thickness; AL, axial length; TCT, thinnest corneal thickness.

https://doi.org/10.1371/journal.pone.0248659.1004

who found that a Ky;ax of more than 55 Diopters resulted in lower repeatability using

p value
0.99
0.49
0.46
0.92
0.92
0.78
0.60
0.27
0.69
0.64
0.30
0.70
0.58
0.84
0.98
0.56
0.99
0.67
0.27
0.21
0.85
0.33
0.35
0.94

-0.03 to 0.02
-0.02 to 0.05
-0.02 to 0.05
-0.01 to 0.01
0.00 to 0.01

-0.01 to 0.01
-1.46 to 3.49
-1.16 to 5.56
-2.22t0 4.59
-1.14 t0 0.51
-1.82 to 0.41
-1.51t0 0.74
-0.02 to 0.05
-0.04 to 0.06
-0.05 to 0.05
-0.01 to 0.00
-0.01 to 0.01
0.00 to 0.01

-1.07 to 5.13
-1.18t0 7.24
-3.27 t0 5.27
-1.18 t0 0.29
-1.57 to 0.41
-1.14 to 0.87

95% Confidence Interval

Measurement variation in AL and CCT had a statistically significant positive correlation
with Kyax in eyes with keratoconus. This is in keeping with the report from Hashemi et al.,

Scheimpflug imaging (Pentacam HR, Oculus, Wetzlar, Germany) [30].
The effect of disease severity on biometric repeatability is not well understood. Hashemi

et al. found that ACD repeatability was not affected by disease severity using Orbscan II and
Pentacam [31], but Flynn et al. reported reduced Ky;ax repeatability with Scheimpflug imag-
ing in higher Amsler-Krumeich grades of keratoconus [32]. Whilst no previous study has
investigated the repeatability of AS-OCT derived biometric measurements in patients with
severe keratoconus, the results of this study suggest that AS-OCT may provide more repeatable

measurements in more severe keratoconus. Further research which directly compares

AS-OCT to other devices in larger patient cohorts is necessary to confirm this.
CXL did not have a significant impact on the repeatability of measurements in eyes with

keratoconus across AL, ACD, CCT, and LT using both REVO-NX and Pentacam-AXL.

Hashemi ef al. also found no statistically significant changes in repeatability in all anterior cor-
neal indices before and 12 months after crosslinking using the Pentacam device [33]. As the
effect of CXL on crosslinking is not well established, further longitudinal studies with larger
numbers are required to confirm the accuracy of this observation, which is the other compo-

nent of measurement accuracy [34].
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We did not find any statistically significant differences in repeatability in eyes with a history
of prior contact lens use. The effect of contact lens wear on the repeatability of biometric mea-
surements in the context of keratoconus is poorly described. In healthy eyes, Lewis et al. found
that repeatability of AL using IOLmaster (IOLMaster, Carl Zeiss Meditec AG, Jena, Germany)
was not affected by the use of soft contact lenses [35].

Our study has several limitations. We did not have a healthy control group and we also
included some scans of acceptable but not ideal quality, which we feel is a realistic representa-
tion of a clinical setting where patients with keratoconus often have scans of suboptimal qual-
ity. Moreover, contact lens wearers were only required to remove their contact lenses for 48
hours prior, however, a study has shown that soft contact lens, does not induce significant
alteration in corneal shape or subsequent biometric measurements [36]. While this study has a
modest number of participants, future studies with larger numbers across a variety of patholo-
gies can help us to better understand the application of these devices in patients with keratoco-
nus. Keratometric and IOL measurements were not reported as it was not an available feature
on the REVO-NX software at the time of the study. The available data, however, could be
employed in available keratometry devices to calculate the IOL [15].

In conclusion, REVO-NX and Pentacam-AXL exhibit good repeatability of biometric mea-
surements in patients with keratoconus. Repeatability was higher with Pentacam-AXL, irre-
spective of a history of prior CXL or contact lens use. A higher Ky;ax correlated with higher
measurement variability, but repeatability was not significantly different between grades of dis-
ease severity. Interchangeable use of the two devices should, however, be avoided due to poor
agreement.
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