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Purpose
This study aimed to evaluate the measurements of the anterior segment of the eye
by two Scheimpflug camera-based systems: the PentacamHR imaging system and
the Sirius imaging system in keratoconus patients.
Patients and methods
Keratoconus patients were recruited prospectively. Measurements with the Oculus
Pentacam andwith the CSOSirius were performed according to themanufacturer’s
instructions. For every eye, the following parameters were analyzed statistically.
The anterior ketatometric reading of the flattest meridian K1, anterior K2, anterior
mean K, anterior Kmax, pachymetry at the thinnest location, the highest anterior
corneal elevation in the 3-mm pupillary area, the highest posterior corneal elevation
in the 3-mm pupillary area, and the best-fit sphere for the anterior corneal surface
and posterior corneal surface at the same diameter of analysis. Agreement
between Sirius and Pentacam was assessed by calculating 95% limits of
agreement and plotting Bland–Altman graphs.
Results
Fifty eyes from individuals (26 men, 24 women) aged 20–38 years were evaluated.
The mean K1 difference between the measurements of both machines was
−0.54±1.02 D. The mean K2 difference between the measurements of both
machines was −1.40±1.53 D. The mean Kmax difference between the
measurements of both machines was −0.60±2.38 D. The mean avgerage K
difference between the measurements of both machines was −0.89±1.06 D.
The mean thinnest location pachymetry difference between the measurements
of both machines was 9.20±14.14 μm. The mean highest anterior elevation
difference between the measurements of both machines was 6.86±11.43. The
mean highest posterior elevation difference between the measurements of both
machines was 20.52±21.32. The mean anterior best-fit sphere difference between
the measurements of both machines was 0.14±0.13. The mean posterior best-fit
sphere difference between the measurements of both machines was 0.16±0.16.
The difference was statistically significant.
Conclusion
All the measurements between both Pentacam and Schwind Sirius
showed a significant positive correlation, except for the highest anterior and
posterior elevation measurements. Schwind Sirius produces keratometry
measurements higher than Pentacam in keratoconus patients. However,
corneal thickness, the radius of the best-fit sphere, and the highest
anterior and posterior elevation measurements by Pentacam were higher
than Schwind Sirius measurements. The differences between the
measurements of Sirius and Pentacam were statistically significant.
Therefore, it is recommended that the measurements of these devices not
be used interchangeably.
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Introduction
Keratoconus is a progressive corneal disease characterized
by central thinning and decrease visual quality [1]. Onset
is oftenduring the seconddecade of life onwards, typically
when the patient is still socially and physically active.
The reduced visual quality leads many patients with
keratoconus to present at refractive surgery centers for
alleviation of their symptoms by LASIK. Keratoconus
and formefrustekeratoconus are contraindications for
Surgery | Published by Wol
LASIK because of the high risk of postoperative
ectasia. The incidence of keratectasia after LASIK is
∼0.5% [2]. Early detection of formefrustekeratoconus
and keratoconus is often performed by a thorough
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topographic evaluation in conjunction with a clinical
examination. Improvement in the ability to detect and
diagnose suspicious to advanced keratoconus will
enable the exclusion of patients at risk for corneal
ectasia after corneal refractive surgery. Earlier detection
of formefrustekeratoconus may lead to an earlier
intervention. The specificity and sensitivity of the
various automated keratoconus screening software
are still not adequate for broad clinical use. Most of
these automated detection programs cannot accurately
classify suspicious topographies with an adequate degree
of reliability [3,4]. The Pentacam HR uses a rotating
Scheimpflug camera to image the anterior segment of the
eye. It provides, in a single scan, anterior segment imaging
(two-dimensional and three-dimensional), anterior
and posterior corneal topography, complete corneal
pachymetry, and lens densitometry. The repeatability
of Pentacam central corneal thickness, corneal power,
and anterior chamber depth measurements has been
validated and the measurements were found to be
comparable with other imaging modalities [5–9]. The
Sirius topography system has been introduced recently.
It combines two mechanisms of action: the Scheimpflug
rotating camera with Placido disk topography [10].
Patients and methods
Keratoconus patients aged 20–38 years were recruited
prospectively from among the medical personnel of
the I care Medical Center. The inclusion criterion
was the presence of keratoconus diagnosed according
to Rabinowitz’s four quantitative videokeratographic
indices for screening keratoconic patients:

Central corneal power >47.2 D.
Inferior-superior dioptric asymmetry over 1.2 D.
Sim-K astigmatism >1.5 D.
Skewed radial axes >21°.

Patients with a history of extensive corneal scarring,
previous ocular surgery, glaucoma, retinal disease, and
Pellucid marginal degeneration were excluded.

All participants were informed about the study and
signed an informed consent document.
Measurement system
The Sirius system (CostruzioniStrumentiOftalmici,
Florence, Italy) is a new topography device that uses
the principles of Scheimpflug photography and enables
the acquisition and processing of 25 radial sections of
the cornea and the anterior chamber. The combination
between 1 monochromatic 360° rotating Scheimpflug
camera and a Placido disk enables analysis of the cornea
and anterior segment, providing tangential and axial
curvature data of the anterior and posterior corneal
surfaces, the global refractive power of the cornea, a
biometric estimation of various structures, a corneal
wavefront map with an analysis of visual quality, and
corneal pachymetry maps. Specifically, this system
enables measurement of 35 632 points of the
anterior corneal surface and 30 000 points of the
posterior corneal surface in a high-resolution mode
in approximately less than 1 s [10].

With this point-by-point information of the anterior
and posterior corneal surfaces, a pachymetric map is
reconstructed. In the current study, software, version
1.0.5.72 (Phoenix; Costruzione Strumenti Of talmici)
was used.

Only high-quality measurements (quality score 90%)
were included for further analysis. Measurement
was first performed using the Pentacam HR (Oculus
OptikgerateGmbH, Wetzlar, Germany). After 10min
of rest, a measurement was made using the Sirius
system. The following parameters were assessed.
Anterior: for every eye, the following parameters
were statistically analyzed: anterior ketatometric
reading of the flattest meridian K1, anterior K2,
anterior mean K, anterior Kmax, pachymetry at the
thinnest location, the highest anterior corneal
elevation in the 3-mm pupillary area, the highest
posterior corneal elevation in the 3-mm pupillary
area, and the best-fit sphere for the anterior corneal
surface and the posterior corneal surface at the same
diameter of analysis.
Statistical analysis
Statistical analysis was carried out using the IBM SPSS
software package, version 20.0. (IBM Corp., Armonk,
New York, USA). Normality of all data distributions
was confirmed using the Kolmogorov–Smirnov
test. Quantitative data were described using range
(minimum and maximum), mean, SD, and median.
Significance of the obtained results was judged at the
5% level.

For normally quantitative variables, we used a Paired
t-test to compare between the two devices, the Pearson
coefficient to correlate between two normally
quantitative variables, and the Wilcoxon signed ranks
test was used for abnormally quantitative variables.

Furthermore, Spearman’s correlation coefficients were
used to correlate between the parameters evaluated. All
statistical tests were two tailed and P values less than
0.05 were considered statistically significant. To assess
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agreement and interchangeability between devices, the
method suggested by Bland and Altman was used.
Differences between measurements were plotted
against their mean and the 95% limits of agreement
were determined as the two mean difference±standard
deviation of the differences.
Results
Fifty keratoconus patients (26 men, 24 women) aged
20–38 years (mean: 25.82±6.03 years) were recruited
prospectively. Measurements of 50 eyes were analyzed.
The mean values measured by the two instruments are
reported in Table 1.

Agreement between the instruments is presented as
Bland–Altman plots for all the measurements (Fig. 1).
Discussion
This study examined 50 eyes of keratoconus patients.
We evaluated different parameters by Pentacam and
Sirius (Keratometric readings: K1, K2, mean K, and
Kmax), pachymetry of the thinnest location, the highest
anterior and posterior corneal elevation within the
pupillary area, and the best-fit sphere of the anterior
and posterior corneal surfaces.

The differences between Pentacam and Sirius
measurements were statistically significant for all
measured parameters, except for the Kmax.

The Sirius system yielded higher keratometry
values than the Pentacam. There was a significant
positive correlation between the measurements of
both instruments (r=0.963). For all the keratometry
readings, except the mean Kmax, the differences were
statistically significant.

Wang et al. [11] also reported significant differences
between Sirius and Pentacam in the mean keratometry
measurements, with the Sirius measurements being
higher than the Pentacam, but reported that these
Table 1 Scheimpflug camera data obtained in both devices

Measured values P

K1 (D) 4

K2 (D) 5

Average K (D)

Kmax (D) 5

Thinnest location pachymetry (μm) 44

Highest anterior elevation within the 3mm pupillary area (μm) 2

Highest posterior elevation within the 3mm pupillary area (μm) 5

Mean anterior best-fit sphere (mm) 7

Mean posterior best-fit sphere (mm) 6
differences, although significant, were below 0.1
diopters, which is not clinically meaningful.

Shetty et al. [12] found significant differences in the
measurements between the Pentacam, the Schwind
Sirius, and the Galilei devices and concluded that
they cannot be used interchangeably for anterior
segment measurements in keratoconus patients.

Finis et al. [13] reported differences between the mean
keratometry of the flat meridian at 3mm distance to
the apex between both devices, but this was not
statistically significant; however, the keratometry of
the steep meridian of the corneal back surface was
significantly different between the two devices.

Another study comparing pentacam, Sirius, andGalilei
in normal individuals reported significant differences in
the measurements of keratometry between the three
devices (P<0.001). Similar results were found in the
same study on keratoconic eyes, with all machines
showing a statistically significant difference for all
parameters [14].

In contrast to these results, Savini and colleagues reported
no difference in the keratometry measurements of the
Pentacam and Sirius. This discrepancy may be related to
thedifferentagesof the twosamplesas themeanageof the
participants in Savini’s study (57.9 years) was older than
the mean age of our participants (25.8 years). Young
patients have better fixation and stability of the tear film
than older patients [15].

Also, De la Parra-Colin et al. [16] reported that
the Pentacam provides systematically higher mean
keratometric values than those of the Schwind
Sirius; however, only keratometry values of the steep
meridian reached statistical significance, with a mean
difference of 0.31 diopters.

Another study comparing pentacam, Sirius, andGalilei
in normal individuals reported significant differences in
entacam Sirius Mean difference P value

6.87±3.56 47.4±3.77 0.54±1.02 <0.001

0.73±4.18 52.12±4.88 1.4±1.53 <0.001

42±57.7 42.35±59.88 0.89±1.06 <0.001

7.65±5.63 57.05±6.11 0.6±2.38 <0.001

5.6±39.62 436.44±41.84 9.2±14.14 <0.001

6.44±9.82 19.58±7.8 6.86±11.43 <0.001

7.82±18 37.3±18.28 20.52±21.32 <0.001

.33±0.40 7.18±0.4 0.14±0.13 <0.001

.08±0.31 5.92±0.39 0.16±0.16 <0.001



Fig. 1

Bland–Altman plots for the nine parametersmeasured by the Pentacam and Sirius. Themean difference is represented by the solid line and 95%
limits of agreement (LoA) are presented by the dotted lines. (a) K1. (b) K2. (c) avgerage K. (d) Kmax. (e) Highest anterior elevation. (f) Highest
posterior elevation. (g) Anterior best-fit sphere. (h) Posterior best-fit sphere. (i) Thinnest location pachymetry.

26 The Egyptian Journal of Cataract and Refractive Surgery, Vol. 23 No. 1, January-June 2017
the measurements of keratometry between the three
devices (P<0.001). Similar results were found in the
same study on keratoconic eyes, with all machines
showing a statistically significant difference for all
parameters [14].

Pachymetry at the thinnest location is one of the main
variables required to detect keratoconus. There is a
significant difference between the two devices, with
higher measurements obtained by Pentacam. Also, there
was a significant positive correlationbetweenbothdevices.

In agreement with our results, Nasser and colleagues also
found thatminimal corneal thicknessmeasurementswere
consistently higher using the Pentacam. Their study was
carried out on healthy individuals [17]. Furthermore, Lee
et al. [18] reported a difference between the corneal
thinnest location measurements between the two
devices, with higher values obtained by pentacam.
Also, Finis et al. [13] reported a difference between the
corneal thinnest location measurements between the two
devices, with higher values obtained by pentacam.
Shetty and colleagues found statistically significant
differences in the measurements between the two
devices and the Galilei system, and concluded that
the devices cannot be used interchangeably for anterior
segment measurements in keratoconus patients. The
measurements were statistically significantly lower
with Sirius compared with Pentacam (P<0.001, t-
test) and Galilei (P<0.001) [12].

Also, De la Parra-Colin et al. [16] reported that the
Pentacam provides statistically significantly higher
mean pachymetry values than Pentacam.

Bedei et al. [19] found that the mean central corneal
thickness values obtained by Pentacam were higher (by
∼20 μm) than those of Sirius in 30 healthy eyes of 30
individuals.

Anayol and colleagues reported that there was a
significant difference between the three devices
Galilei, Pentacam, Sirius (P=0.001) in the thinnest
location pachymetry in healthy individuals. Galilei
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overestimated the thinnest pachymetry measurements
compared with both Pentacam and Sirius; also,
Pentacam values were higher than Sirius values.
Similar results were found in this study on
keratoconic eyes, with all machines showing a
significant difference for all parameters. Ninety-five
percent limits of agreement of thinnest corneal
thickness values indicated that the Pentacam and
Sirius systems showed better agreement with each
other than with the Galilei [14].

In contrast to all previous studies, Savini et al. [15]
reported that the Sirius system provided slightly higher
thinnest corneal thickness measurements compared
with those obtained from the Pentacam system.

In our study, we measured the highest anterior
elevation within the 3mm pupillary area and the
highest posterior elevation within the 3mm pupillary
area from all patients by both devices; we found that
there was a statistically significant difference between
the two devices, with the higher values obtained by the
pentacam. The mean highest posterior corneal
elevation in the 3-mm pupillary area was 57.82±18.0
D as measured by Pentacam and 37.30±18.28 D as
measured by Schwind Sirius. Ramirez-Miranda and
colleagues found that there was no inter device
agreement for maximum anterior and posterior
corneal elevation and total higher-order aberrations
between Sirius and Pentacam HR. The Pentacam
values were higher for both anterior and posterior
elevations. Although statistically significant, the
differences in the highest anterior elevation may be
clinically judged as irrelevant [20].

There were statistically significant differences between
the radius of the best-fit sphere of both anterior and
posterior corneal surfaces between both devices, with
the measurements by Sirius being lower in comparison
with those of the Pentacam.

The difference between the measurements of the two
instruments may be because of the following reasons:
(1)
 PentacamHRobtains imagesof theanterior segment
only by a rotating Scheimpflug camera, whereas
Schwind Sirius combines a three-dimensional
rotating Scheimpflug camera with an integrated
Placido disc topographer (arc step).
(2)
 Pentacam HR captures up to 100 high-resolution
Scheimpflug images to provide a detailed analysis
of the cornea, whereas Schwind Sirius captures 25
Scheimpflug images and 1 Placido disc image
simultaneously.
(3)
 Pentacam HR measures up to 138 000 true
elevation points, whereas Schwind Sirius
measures 32 632 points for the anterior surface
and 30 000 points for the posterior surface on
high-resolution systems and 21 632 points for the
anterior surface and 16 000 points for the posterior
surface on low-resolution systems.
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