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Purpose: This study aims to assess the intra-operator repeatability and correlation of the
Pentacam HR (device 1) and Sirius (device 2) in measuring anterior segment parameters and
to evaluate the agreement of their readings and therefore their interchangeability in a clinical
setting.

Methods: This is a prospective non-randomized study was conducted on the right eyes of
102 subjects coming to Eye World Hospital, Giza, Egypt. With each machine, four scans
were taken by a single examiner. Each device was used to measure keratometric indices,
corneal thickness, anterior chamber depth, anterior chamber angle, corneal diameter and
corneal optical aberrations.

Results: Both devices show high repeatability for corneal thickness, corneal diameter,
anterior chamber depth and keratometric indices (except for maximum keratometry, where
device 1 shows high repeatability and device 2 shows low repeatability). On the other hand,
both devices show poor repeatability for anterior chamber angle, Q-values, root mean square,
spherical, coma and trefoil aberrations. The readings of the two devices are strongly
correlated as regards only keratometric indices, corneal thickness and anterior chamber
depth. In addition, the readings of the devices are in good agreement as regards only
keratometric indices (except maximum keratometry), corneal thickness, anterior chamber
depth, anterior chamber angle, root mean square, spherical and trefoil aberrations.
Conclusion: Both devices showed variable intra-observer repeatability, with the device 1
showing slightly higher repeatability. Despite the similarity between some of the readings of
the two devices, caution is advised before considering them interchangeable. We therefore do
not recommend using them in alternation in refractive surgery.
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Introduction
Precise assessment of the corneal power, corneal thickness and anterior chamber
depth has become essential for anterior segment surgery. Since the dawn of corneal
refractive surgery, several topography devices have been introduced. The surgeon
must have a precise assessment of anterior segment measurements, in addition to
excellent repeatability by each device for proper preoperative evaluation.' ™

The Pentacam (Oculus Inc., Wetzlar, Germany) was introduced in 2005 and uses
a scanning slit with a Scheimpflug camera, giving images of the cornea, lens, and
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iris, therefore allowing corneal, anterior chamber and lens
anatomy to be analyzed. The Pentacam machine uses
a rotating Scheimpflug camera and a monochromatic slit-
light source that rotate around the optical axes of the eye
to generate a three-dimensional model of the anterior seg-
ment. Twenty-five images are captured within 2 seconds,
with each slit image composed of 25,000 points including
500 true elevation points.’ The Sirius system (CSO
Costruzione Strumenti Oftalmici, Florence, Italy) com-
bines a monochromatic 360° rotating Scheimpflug camera
with a Placido disk-based corneal topographer, to better
analyze the anterior corneal curvature. The system can
measure 35,632 points from the anterior cornea and
30,000 points
A pachymetric map is therefore created using the data

from the posterior corneal surface.
from both surfaces within 5 to 6 seconds of acquisition
time. >

We aim through this study to compare the anterior
chamber, topographic and corneal aberration parameters
obtained with the Sirius to those obtained with the
Pentacam and to assess the repeatability of the measure-
ments of each device and to evaluate if they can be

rendered clinically fungible.

Materials and Methods

A prospective non-randomized study was conducted in
Eye World Hospital, Giza, Egypt, after approval by Ain
Shams University Ethical Committee and in accordance
with the 1975 Helsinki declaration, as revised in 1983.
The study was conducted between April 2019 and
August 2019. A written informed consent was taken
from each participating subject, prior to recruitment. The
right eyes of 102 subjects were enrolled from patients
visiting the Eye World Hospital seeking refractive surgery.
One eye per subject was enrolled to avoid inter-eye corre-
lation bias. Since the variance between eyes is usually less
than that between subjects, the overall variance of
a sample of measurements combined from both eyes is
likely to be an underestimate of the true variance resulting
in an increased risk of rejecting the null hypothesis when
it is true.” We included individuals at least 18 years of age
or older, with refractive errors ranging from —8.50 to
+6.00 diopter sphere and up to 4.50 diopters cylinder.
Exclusion criteria were any corneal pathology (including
dry eye, which was identified using slit-lamp examination
and advanced tear film analysis on the Sirius device),
previous intraocular surgery, corneal scars, glaucoma,
and history of wearing contact lenses within the last

month before the study. The patients were subjected to
complete ocular examination including best corrected
visual acuity, refraction, slit-lamp biomicroscopy, and
intraocular pressure measurement using a non-contact air
puff tonometer.

All shots by both the Pentacam (device 1) and Sirius
(device 2) were taken between 5 and 9 pm with the subject
awake for at least 6 hours prior to measurement.® With
each machine, four reliable scans were taken by a single-
experienced examiner. For the Sirius device (CSO,
Costruzione Strumenti Oftalmici, Florence, Italy, version
3.2.1.60) manual acquisition was used, while with the
Pentacam (Oculus Inc., nd Wetzlar, Germany, version
1.21r.65) automated scans were acquired. Images with
quality factor <95% were excluded. Each device was
used to collect the following data from each subject:

1. Flat anterior surface keratometry (K1)
2. Steep anterior surface keratometry (K2)
3. Flat posterior surface keratometry (K1-back)
4. Steep posterior surface keratometry (K2-back)
5. Maximum keratometry (K-max)
6. Central corneal thickness (CCT)
7. Thinnest location thickness (TLT)
8. Q-value of the anterior surface (Q-front)
9. Q-value of the posterior surface (Q-back)
10. Anterior chamber depth (ACD)
11. Anterior chamber angle (ACA)
12. Corneal diameter (CD)
13. Root mean square value of total corneal aberrations
(RMS-T)
14. Root mean square of low order aberrations (RMS-
LOA)
15. Root mean square of high order aberrations (RMS-
HOA)

16. Spherical aberrations (SA)

17. Horizontal coma aberrations (Coma-0)
18. Vertical coma aberrations (Coma-90)
19. Oblique Trefoil aberrations (Trefoil-0)
20. Vertical Trefoil aberrations (Trefoil-30)

Statistical Analysis
Data were statistically analyzed using IBM SPSS
Statistical Package for the Social Sciences version 22
(SPSS, Inc., Chicago, IL, USA) and graphs were formu-
lated using MedCalc Statistical Software version 18.9.1

(MedCalc Software bvba, Ostend, Belgium).
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Sample size was calculated by G*Power v. 3.1.9.7
software. Power was set at 0.95 and a error 0.05. Sample
size was 85 subjects. Data were tested for normality using
Kolmogorov—Smirnov test with Lilliefors Significance
Correction.

Age and gender were described as frequency while
other data were described as mean + SD (range) with
95% confidence interval (95% CI).

We assessed repeatability of examinations of each
machine by within-subject standard deviation (SW) which
was calculated as the square root of the within-subject mean
square error, test-retest repeatability (TRT) which was cal-
culated as 1.96V2(=2.77)*SW and within-subject coefficient
of variation (COV = 100 x SW/overall mean).

Correlation between devices was done using Pearson
correlation coefficient and the intraclass correlation
coefficient (ICC) which is a coefficient of reliability of
data between different measurements; the closer the ICC
is to 1, the better the consistency of measurement is
present. ICC ranges from low to high as follows: (ICC
<0.75: low reliability, 0.75 < ICC < 0.90: moderate
reliability and ICC>0.9: high reliability). The Bland-
Altman Plots were used to determine the 95% limits of
agreement (95% LOA) between the measurements of the
two devices. A P-value < 0.05 was considered statisti-
cally significant.

Results
This study was performed on the right eyes of 102 patients
presenting to Eye World Hospital, Giza, Egypt.

Demographic Data

Fifty-eight of the subjects (57.4%) were females, while 43
(42.6%) were males. The average age was 30.4 (+ 7.4 SD),
with a range of 18 to 54 years old.

Clinical Examination

Subjective refraction of the 102 subjects revealed that the
spherical error ranged from +6.5 to —8.5 dioptres (mean
—2.1 dioptres £2.3 SD). The astigmatic error ranged from
0.0 to —4.5 dioptres (mean —1.2 dioptres =0.9 SD).

The uncorrected distance visual acuity (UDVA) ranged
from 0.05 to 1.0 (20/400 to 20/20 Snellen), mean 0.26
+0.18 SD, while the corrected distance visual acuity
(CDVA) ranged from 0.2 to 2.0 (20/100 to 40/20
Snellen), mean 0.9 £0.3 SD.

Repeatability of Scans of Devices | and 2
Table 1 shows the mean, 95% confidence interval, within
subject standard deviation (SW), test-retest-repeatability
(TRT) and coefficient of variation for parameters measured
by the two devices. Both devices show high repeatability in
the form of low variance (coefficient of variation <1%) for
K1, K2, Kl-back, K2-back, CCT, TLT, CD and ACD.
Furthermore, both devices show poor repeatability in the
form of high variance (coefficient of variation >1%) for
ACA, Q-front, Q-back, SA, RMS-T, RMS-LOA, RMS-
HOA, Coma-0, Coma-90, Trefoil-0 and Trefoil-30. For
K-max however, device 1 shows low variance and device
2 shows high variance. On comparing the repeatability of
the two devices, the device 1 shows better repeatability for
K1, K2, K-max, Q-front, ACD, CD, Trefoil-0 and Trefoil-
30. On the other hand, the device 2 shows better repeat-
ability for the K1-back, K2-back, CCT, TLT, ACA, RMS-T,
RMS-LOA, RMS-HOA, SA, Coma-0 and Coma-90.

Correlation Between Device | and
Device 2 Readings

Table 2 shows the Pearson Correlation Coefficient and the
Intraclass Correlation Coefficient (which takes into
account the systematic error in comparing the readings of
the two devices) to assess the correlation between readings
taken by the device 1 and device 2 (where r=1 is total
positive linear correlation, r=0 is no linear correlation, and
r=—1 is total negative linear correlation). The correlation
between the two devices was variable regarding the var-
ious parameters: The readings of the two devices are
strongly correlated as regards K1, K2, Kl-back, K2-
back, K-max, CCT, TLT and ACD. This correlation is
relatively weaker for Q-front, Q-back, ACA, CD, RMS-
T, RMS-LOA, RMS-HOA, SA, Trefoil-0 and Trefoil-30.
Moreover, the two devices show anti-correlation for the
Coma-0 and Coma-90 values. This is also shown in
Figures 1 and 2.

Agreement Between Device | and Device
2 Readings

A Bland-Altman plot was used to illustrate the agreement
between the measurements of the two machines, as shown
in Table 3 and Figures 3 and 4.7 Clinical correlation shows
that the readings of devices 1 and 2 are in good agreement
as regards K1, K2, Kl-back, K2-back, CCT, TLT, ACD,
ACA, RMS-T, RMS-LOA, RMS-HOA, SA, Trefoil-0 and
Trefoil-30. However, the devices are in poor agreement as
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Abbreviations: SW, within-subject standard deviation; TRT, test—retest repeatability; CoV, coefficient of variation; KI, flat keratometry; K2, steep keratometry; K Max, maximum keratometry; CCT, central corneal thickness; TLT,

thinnest location thickness; Q-front, Q value on front surface at 6mm; Q-back, Q value on back surface at 6mm; ACD, anterior chamber depth; ACA, anterior chamber angle; CD, corneal diameter; RMS-T, total corneal aberration root

mean square; RMS-LOA, root mean square of corneal low order aberrations; RMS-HOA, root mean square of corneal high order aberrations; SA, spherical aberrations; Coma-0, horizontal coma aberrations; Coma-90, vertical coma

aberrations; Trefoil-0, oblique trefoil aberrations; Trefoil-30, vertical trefoil aberrations.

regards K-max, CD, Q-front, Q-back, Coma-0 and
Coma-90.

Discussion

Refractive surgery is a rapidly growing field of ophthal-
mology that relies heavily on accurate measurement of
anterior segment parameters. Corneal and anterior seg-
ment imaging has become crucial in clinical ophthalmol-
ogy, with various applications, such as analysis of corneal
curvature and pachymetry, detection of keratoconus, or
study of the anterior segment before phakic intraocular
lens implantation.lo Several devices are now available
that permit recording such parameters. This study evalu-
ates the reliability of the Pentacam and Sirius devices to
produce repeatable results when measuring anterior seg-
ment characteristics, in addition to the agreement of the
readings between the two devices to determine their
interchangeability. It therefore raises the question
whether the refractive surgeon has the choice of shifting
between the two devices during clinical follow up of
either anterior segment parameters or wavefront
aberrations.

The Pentacam (device 1) showed good repeatability in
the form of low variance (coefficient of variation <1%) for
K1, K2, K1-back, K2-back, K-max, CCT, TLT, ACD and
CD, but poor repeatability in the form of high variance
(coefficient of variation >1%) for Q-front, Q-back, ACA,
RMS-T, RMS-LOA, RMS-HOA, SA, Coma-0, Coma-90,
Trefoil-0 and Trefoil-30. This is in concurrence with the
other studies. De la Parra-Colin et al'' showed that the
Pentacam device gives repeatable results for steep K, flat
K, central corneal thickness, thinnest corneal thickness and
anterior chamber depth. The same was revealed in a study
by Kumar et al,’ who demonstrated that Pentacam has
high repeatability for flat K, steep K, central corneal thick-
ness, thinnest corneal thickness and anterior chamber
depth. In addition, Crawford et al'?
readings are repeatable for steep K, flat K and central

proved that Pentacam

corneal thickness. McAlinden et al'? observed that mea-
surements taken with the Pentacam HR are repeatable and
reproducible, but warned that corneal axes, pupil center
pachymetry, front meridional and axial maps, refractive
power maps, and equivalent K readings should be inter-

preted with caution Furthermore, Aramberri et al'*

con-
cluded that repeatability and reproducibility of Pentacam
HR readings were good for all parameters including cor-
neal wavefront aberrations. Several studies have evaluated

the Pentacam’s repeatability on central and peripheral
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Table 2 Pearson Correlation Coefficient and Intraclass Correlation Coefficient for Readings Taken by Devices | and 2

Pearson Correlation Pearson Correlation
Coefficient r Coefficient P-value

Kl 0.9939 < 0.0001
K2 0.9922 <0.0001
K1 back 0.9809 <0.0001
K2 back 0.9778 <0.0001
K max 0.815 <0.0001
CCT 0.9827 <0.0001
TLT 0.9870 <0.0001
Q-front 0.6582 <0.0001
Q-back 0.5175 <0.0001
ACD 0.9896 <0.0001
ACA 0.6923 <0.0001
CD 0.5348 <0.0001
RMS-T 0.7017 <0.0001
RMS-LOA | 0.6930 <0.0001
RMS-HOA | 0.6158 <0.0001
SA 0.4173 <0.0001
Coma-0 —0.1144 P=0.2830
Coma-90 —0.06149 P=0.5648
Trefoil-0 0.05068 P=0.6352
Trefoil-30 | 0.6927 <0.0001

Intraclass Correlation Intraclass Correlation
Coefficient r Coefficient P-value
0.996 <0.001
0.996 <0.001
0.946 <0.001
0.980 <0.001
0.836 <0.001
0.988 <0.001
0.992 <0.001
0.508 <0.001
0.328 <0.001
0.989 <0.001
0.691 <0.001
0.442 <0.001
0.812 <0.001
0.787 <0.001
0.626 <0.001
0.477 <0.001
—0.051 P=0.845
—0.081 P=0.679
0.073 P=0.356
0.786 <0.001

Abbreviations: Kl, flat keratometry; K2, steep keratometry; K Max, maximum keratometry; CCT, central corneal thickness; TLT, thinnest location thickness; Q-front,
Q value on front surface at 6mm; Q-back, Q value on back surface at 6mm; ACD, anterior chamber depth; ACA, anterior chamber angle; CD, corneal diameter; RMS-T, total
corneal aberration root mean square; RMS-LOA, root mean square of corneal low order aberrations; RMS-HOA, root mean square of corneal high order aberrations; SA,
spherical aberrations; Coma-0, horizontal coma aberrations; Coma-90, vertical coma aberrations; Trefoil-0, oblique trefoil aberrations; Trefoil-30, vertical trefoil aberrations.

corneal thicknesses'>'® and ACD.'” Our repeatability
results for the Pentacam agree with these previous studies.

On the other hand, the Sirius (device 2) showed good
repeatability in the form of low variance (coefficient of
variation <1%) for K1, K2, K1-back, K2-back, CCT, TLT,
ACD, and CD, but poor repeatability (coefficient of variation
>1%) for K-max, ACA, Q-front, Q-back, RMS-T, RMS-
LOA, RMS-HOA, SA, Coma-0, Coma-90, Trefoil-0 and
Trefoil-30. Again, this was in accord with the results of De
la Parra-Colin et al,'"' who found the Sirius readings repea-
table (coefficient of variation <1%) for steep K, flat K, central
corneal thickness, thinnest corneal thickness and anterior
depth. The same five parameters were again found repeatable
(coefficient of variation <1%) when measured by the Sirius
device in the study by Kumar et al.” Likewise, Duman et al
described good repeatability of readings by the Sirius device
on measuring K1, K2, CCT and ACD in cataractous
patients,'® while Gokcinar et al reported highly repeatable
Sirius readings for CCT."” However, the study by Nasser
et al?® concluded that minimal corneal thickness and poster-
ior corneal radii at 3mm and 7mm have poor repeatability

(coefficient of variation >1%), while anterior corneal radii

and anterior chamber depth have good repeatability (coeffi-
cient of variation <1%). The lower repeatability noted in the
latter study may be attributed to the smaller sample size of 45
eyes used by Nasser et al compared to our larger sample size
of 102 eyes.

Comparing the two devices, we found the device 1
readings to be more repeatable than device 2 readings for
K1, K2, K-max, Q-front, ACD, CD, Trefoil-0 and Trefoil-
30. On the other hand, device 2 shows better repeatability
for the Kl-back, K2-back, CCT, TLT, ACA, RMS-T,
RMS-LOA, RMS-HOA, SA, Coma-0 and Coma-90.

Furthermore, the readings of the two devices were found to
be strongly correlated as regards K1, K2, K1-back, K2-back,
K-max, CCT, TLT and ACD. This correlation is weaker for
Q-front, Q-back, ACA, CD, RMS-T, RMS-LOA, RMS-HOA,
SA, Trefoil-0 and Trefoil-30. Moreover, the two devices show
anti-correlation for the Coma-0 and Coma-90 values. The
study by De la Parra-Colin et al'' showed a similar strong
correlation between the two devices as regards steep K, flat K,
central corneal thickness and thinnest corneal thickness.

Evaluation of the agreement and interchangeability
between the two devices shows that the readings of devices
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Figure 2 Pearson correlation between device | and device 2 for: (A) RMS-T, (B) RMS-LOA, (C) RMS-HOA, (D) SA, (E) Coma-90, (F) Coma-0, (G) Trefoil-30 and (H)

Trefoil-0.

1 and 2 are in good agreement as regards K1, K2, K1-back,
K2-back, CCT, TLT, ACD, ACA, RMS-T, RMS-LOA,
RMS-HOA, SA, Trefoil-0 and Trefoil-30. However, the
devices are in poor agreement as regards K-max, CD,
Q-front, Q-back, Coma-0 and Coma-90. In contrast to our
results, De la Parra-Colin et al'! found that Sirius and

Pentacam should not be considered exchangeable for steep

K, CCT and TLT. In addition, Kumar et al® found that
differences between Sirius and Pentacam for steep K, flat
K, CCT, TLT and ACD were statistically significant (P <
0.05), with Sirius yielding higher measurements for steep K,
flat K and ACD and Pentacam for TLT and CCT. This

discrepancy in results from

our findings could again be

attributed to our larger sample size. Other studies also stress
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that Pentacam and Sirius should not be used
interchangeably.?*

To our knowledge, there are no previous studies that
assess the repeatability and interchangeability of the two
Scheimpflug camera devices as regards wavefront and cor-
neal optical aberrations analysis. Higher-order aberrations
are clinically relevant as some dysphotopsias including
night halos and glare have been associated with high
amounts of higher-order aberrations.”> Therefore, this is
a novel study which assesses their intra-observer repeatabil-
ity and compares the agreement between the readings of the
two machines. While other studies™''°2? have compared
their agreement as regards anterior segment parameters only,
ours probes deeper to assess this agreement for wavefront
aberrations. It answers the question whether the two
machines could be used in clinical practice in alternation.
Considering the two imaging systems interchangeable would

lead to misinterpretation of clinical data that could alter
decisions in refractive surgery.

However, we are aware that our findings may be affected
by the wide range of age group. This shortcoming may be
addressed in future studies. Another limitation is the fact that
while refractive surgery is performed in the supine position,
imaging by Scheimpflug devices is possible in the erect posi-
tion only. Body posture has been shown to influence CCT
measurements.”* Ultrasound probe pachymetry offers only
point measurements and uses a contact technique (possibly
altering corneal shape); Moreover, proper probe alignment by
the examiner is critical for consistent readings. On the con-
trary, the portable OCT overcomes such shortcomings. Its
portability in the supine position, plus the ability to record
high-resolution scans for monitoring changes, and the ability
for rapid and non-contact acquisition, make portable OCT

imaging a valuable tool. >

Table 3 Mean Readings of Device | and Device 2, Difference and Mean Difference Between Device | and Device 2 and Limits of

Agreement
Mean Device | Mean Device 2 Mean Difference Limit of Agreement

Kl 42.8 43.02 —0.11 0.23 to —0.45
K2 43.99 44.21 —0.03 0.37 to —0.42
K 1-back —6.08 —-5.98 —0.11 —0.01 to 0.20
K2-back —6.41 —6.36 —0.05 0.07 to —0.18
K-max 44.62 45.49 —0.8 2.1 to -3.7
CCT 5384 536 3.6 15.5 to —8.2
TLT 534.34 533 2.6 12.8 to =7.7
Q-front -0.37 —0.22 —0.16 0.03 to —0.35
Q-back -0.35 —0.78 —0.26 0.02 to —0.55
ACD 3.13 3.19 —0.05 0.04 to —0.14
ACA 39.65 42.44 —4.4 4.3 to —13.1
CD 11.72 12.2 —0.54 0.39 to —1.46
RMS-T 1.46 1.33 0.14 1.16 to —0.87
RMS-LOA 1.41 I.19 0.22 1.32 to —0.87
RMS-HOA 0.37 0.48 —0.11 0.1l to —0.33
SA 0.13 0.19 —0.05 0.19 to —0.29
Coma-0 0.03 —0.24 0.26 0.54 to —0.03
Coma-90 —-0.12 0.003 —0.13 0.35 to —0.61
Trefoil-0 —0.04 0.014 —0.05 0.39 to —0.50
Trefoil-30 —0.08 —0.1 0.02 0.22 to —0.19

Abbreviations: SW, within-subject standard deviation; TRT, test-retest repeatability; CoV, coefficient of variation; K1, flat keratometry; K2, steep Keratometry; K Max,
maximum keratometry; CCT, central corneal thickness; TLT, thinnest location thickness; Q-front, Q value on front surface at 6mm; Q-back, Q value on back surface at 6mm;
ACD, anterior chamber depth; ACA, anterior chamber angle; CD, corneal diameter; RMS-T, total corneal aberration root mean square; RMS-LOA, root mean square of
corneal low order aberrations; RMS-HOA, root mean square of corneal high order aberrations; SA, spherical aberrations; Coma-0, horizontal coma aberrations; Coma-90,
vertical coma aberrations; Trefoil-0, oblique trefoil aberrations; Trefoil-30, vertical trefoil aberrations.
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closer the line is to 0, the greater the agreement between the two devices. The mean difference lies between the upper and lower limits of agreement, representing +1.96
SD and —1.96 SD, respectively.
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