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ABSTRACT

Introduction: This article aimed to evaluate the
measurements of ectasia parameters by two
Scheimpflug-based tomography devices, Penta-
cam and Sirius, for eyes with different corneal
diameters (CDs).

Methods: This cross-sectional research included
subjects from the Fudan University EENT
Hospital Refractive Center Database that were
followed once a year for at least 3 years with
unremarkable slit-lamp examination and nor-
mal topography. Pentacam and Sirius exami-
nations were performed on these subjects and
the ectasia indices were compared between dif-
ferent CD groups.
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Results: The right eyes of 153 subjects were
included (CD < 11.1 mm, n = 50; 11.2-12 mm,
n=>52;, >12.0mm, n=>51). For the ectasia
parameters from Pentacam, CD had the greatest
influence on the deviation of normality of back
elevation (Db, R*=0.371, f=-1.119,
P < 0.001), overall deviation of normality (BAD-
D, R*=0.305, f=-0.589, P<0.001), and
minimum pachymetric progression index (PPI-
min, R*>=0.282, f=—0.131, P <0.001). For
parameters derived from Sirius, CD had the
greatest influence on Baiocchi-Calossi-Versaci
index of the back surface (BCVb, R* = 0.138,
f=-0.179, P < 0.001), keratoconus vertex of
the back surface (KVb, R* = 0.099, f§ = — 2.273,
P < 0.001), and BCV (R*=0.071, = —0.078,
P =0.001). CD had little influence on surface
asymmetry index of the front (SIf) and back
surface (SIb), keratoconus vertex of the front
surface (KVf), Baiocchi—-Calossi—Versaci index of
the front surface (BCVf), and Sirius classifier
(P > 0.05).

Conclusions: For Pentacam, CD mainly influ-
enced indices related to back elevation (BE) and
pachymetry progression, whereas for Sirius, CD
mainly influenced indices related to BE and
corneal aberration.

Keywords: Scheimpflug; Tomography; Corneal
diameter; Forme fruste keratoconus
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Key Summary Points

Why carry out this study?

Several studies have found that CD could
influence the measurements of keratoconus
parameters derived from the Pentacam
tomography system. The Sirius tomography
system combines two mechanisms of action,
the Scheimpflug rotating camera and Placido
disk topography. However, none of the
previous studies have investigated the
influence of CD on the performance of the
Sirius tomography system.

What was learned from the study?

For Pentacam, CD mainly influenced indices
related to back elevation (BE) and
pachymetry progression, whereas for Sirius,
CD mainly influenced indices related to BE
and corneal aberration. The results of the
two devices should be integrated as a
reference in screening candidates for
refractive surgery, especially for those with
CD less than 11.1 mm.

INTRODUCTION

Scheimpflug tomography has become a widely
employed technique in the early diagnosis of
corneal ectasia. As reported previously, Chinese
patients have a smaller corneal diameter (CD)
than White patients [1]. Several studies have
found that CD could influence the measure-
ments of keratoconus parameters derived from
the Pentacam tomography system (Oculus
Optikgeraete GmbH; Wetzlar, Germany),
including the Belin/Ambrésio Enhanced Ectasia
Display (BAD) [2-4]. A previous study explored
the performance of these descriptors in tomo-
graphically normal Chinese participants with
different CDs and found that CD influences the
BAD parameters, especially the deviation of
normality of the back elevation (Db), back cor-
neal elevation (BE), overall deviation of

normality (BAD-D), and the minimum pachy-
metric progression indices (PPImin) [3]. The
rates of suspected or abnormal cases were sig-
nificantly higher in eyes with CD < 11 mm and
lower in eyes with CD > 12mm. In a retro-
spective study with a large sample of Chinese
patients (n = 6744), Cao et al. [4] also found
that the false-positive rate of the BAD was
higher in eyes with CD < 11.1 mm. This was
ascribed to the higher rate of change in the
corneal curvature and thickness in smaller
diameters. For the topometric indices related to
the anterior surface of the cornea, Cao et al.
found that the index of surface variance (ISV)
and index of height asymmetry (IHA) were sig-
nificantly higher in eyes with CD < 11.1 mm,
indicating a less regular surface in small cornea.

The Sirius tomography system (Costruzione
Strumenti Oftalmici, Florence, Italy) combines
two mechanisms of action, the Scheimpflug
rotating camera and Placido disk topography.
Data extrapolated from the Scheimpflug and
Placido images were combined to deliver a sur-
face tailored to the anterior surface of the cor-
nea. Data from the posterior corneal surface
were measured using edge detection in images
provided by the Scheimpflug system. Several
publications have compared the measurements
of corneal indices between Pentacam and Sirius
[5-11]. However, to our knowledge, none of the
previous studies have investigated the influence
of CD on the performance of the Sirius tomog-
raphy system. In this study, we aimed to com-
pare the measurements of ectasia parameters
between Pentacam and Sirius in eyes with dif-
ferent horizontal CD.

METHODS

Subjects

This cross-section study included participants
who were selected from the Fudan University
EENT Hospital Refractive Center Database from
January 2017 to January 2022. The inclusion
criteria were as follows: participants who were
followed up once a year for at least 3 years; age
between 18 and S50 years; unremarkable slit-
lamp examination; normal topography as
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Table 1 Suggested cutoff values for keratoconus indices

Abnormal
Pentacam

ISV > 37
IVA > 0.28
KI > 1.07
IHD > 0.014
FE at TP > 5.01
BE at TP > 11.77
PPImin > 0.79
PPlavg > 1.15
PPImax > 144
ARTmax <313
Sirius

SIf (D) > 0.85
SIb (D) > 0.22
KVf (um) > 15
KVb (um) > 15
BCVf (um) > 0.58
BCVb (pum) > 0.67
BCV (um) > 0.80

ISV index of surface variance, IVA index of vertical
asymmetry, KI keratoconus index, IHD index of height
decentration, FE and BE at TP front and back corneal
elevations at thinnest pachymetry, PPI pachymetric pro-
gression index (minimum, average, and maximum), ART-
max Ambrosio’s maximum relational thickness index, SIf
surface asymmetry index of front surface, Sib surface
asymmetry index of back surface, KV} keratoconus vertex
front, KVb keratoconus vertex back, BCVf Baioc-
chi—Calossi—Versaci index for front surface, BCVb Baioc-
chi—Calossi—Versaci index for back surface, BCV vector
summation of both surfaces

measured by Placido-disk corneal topography
(TMS-5; Tomey; Aichi, Japan). A normal topog-
raphy was defined as those without topographic
signs of keratoconus according to both kerato-
conus screening programs (i.e., Klyce/Maeda

Keratoconus Index and Smolek/Klyce Kerato-
conus Severity Index) and an inferior-superior
asymmetry value (I-S value) of less than
1.4 diopters [12]. Those cases with any patho-
logical ocular conditions or relevant systemic
diseases or any previous ocular procedures (e.g.,
refractive surgery, corneal cross-linking, or
intracorneal ring segments implantation) were
excluded.

The selected patients were asked to come
back and undergo a comprehensive ophthalmic
examination, including slit-lamp examination,
objective and subjective refractions, and Penta-
cam HR (version 1.21r43) and Sirius tomogra-
phy system examinations (version 3.7). Soft
contact lens usage was discontinued for at least
7 days before the examination, whereas rigid/
hybrid contact lens usage was discontinued for
a minimum period of 3 weeks. Only results from
the current examination were used for statistics.
The study participants were grouped according
to their horizontal corneal diameter measured
by Pentacam. A previous study found that the
mean CD in  Chinese adult was
11.66 + 0.38 mm [4]. Therefore, we set the
cutoffs of CD as small (< 11.1 mm), medium
(11.2-12.0 mm), and large (> 12.0 mm).

This study was approved by the Ethics
Committee of the Eye and ENT Hospital of
Fudan University (Shanghai, China), and was
conducted in compliance with the tenets of the
Declaration of Helsinki. Written informed con-
sent was obtained from all participants.

Corneal Tomography

One experienced examiner performed Penta-
cam imaging and another examiner performed
Sirius imaging for all participants (three mea-
surements were averaged for each individual).
Only scans registered as “OK” by the examina-
tion quality specification of the instrument
were recorded and analyzed. All the analyzing
dimensions for both devices were 8 mm in
diameter.

Both pieces of software obtained the follow-
ing corneal descriptors: horizontal corneal
diameter; mean central powers for the front and
back in a 3.0-mm zone of the cornea (Km; and
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Table 2 continued

> 12.0 mm (2 = 51)
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CD corneal diameter, 7P thinnest pachymetry, Kmy-ﬂnd Kmy, mean central power for the front and back surface, Kafdnd Kay, corneal astigmatism for the front and back surface, BFS/ﬂnd BES,, best fit

sphere for the front and back cornea, FE and BE at TP front and back corneal elevations at thinnest pachymetry; ACD anterior chamber depth

Kmy, respectively); corneal astigmatism for the
front and back in a 3.0-mm zone (Ka; and Kay,
respectively); the best-fit sphere for the front
and back cornea which were automatically
generated by the devices (BFS; and BFS, for
Pentacam and sBFS; and sBFS,, for Sirius,
respectively); thinnest pachymetry (TP); front
and back corneal elevations at TP (FE and BE for
Pentacam and sFE and sBE for Sirius, respec-
tively); anterior chamber depth (ACD). The
majority of the metrics were exported auto-
matically, except for the sFE and sBE in Sirius
which were collected manually from the eleva-
tion maps.

In Pentacam, the following keratoconus
summary descriptors were investigated: index of
surface variance (ISV), index of vertical asym-
metry (IVA), keratoconus index (KI), index of
height decentration (IHD), pachymetric pro-
gression index (PPI; minimum, average, and
maximum), and Ambrésio’s maximum rela-
tional thickness index (ARTmax). The BAD
normalized indices include deviation of nor-
mality of the front elevation (Df), deviation of
normality of the back elevation (Db), deviation
of normality of pachymetric progression (Dp),
deviation of normality of the thinnest corneal
point (Dt), deviation of normality of relational
thickness (Da), and overall deviation of nor-
mality (BAD-D). The deviation-based indices
could be classified by the software as normal
(< 1.6 standard deviations [SD] from the popu-
lation mean, white), suspected (> 1.6
and < 2.6SD, yellow), and pathological
(> 2.6 SD, red). In Sirius, the following kerato-
conus summary descriptors were investigated:
keratoconus vertex of the front (KVf) and back
surfaces (KVb); surface asymmetry index of the
front (SIf) and back surfaces (SIb); Baioc-
chi—Calossi—Versaci index of the front (BCV()
and back surfaces (BCVb); vector summation of
both surfaces (BCV), and the keratoconus clas-
sifier based on the support vector machine. The
suggested cutoff values for the aforementioned
indices as reported by the manufacturer [13, 14]
are listed in Table 1. For the convenience of
statistics, eyes classified as “suspected” and
“pathological” were combined as “abnormal”.
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Table 3 Regression analyses for individual keratoconus
descriptors for two devices with respect to corneal diameter

Unstandardized §  R* P

Pentacam

INY 0.598 0.006 0.329
IVA 0.008 0.020 0.079
KI — 0.032 0.020 0.08
IHD 0.000 0.006 0.36
BFS¢ 0.286 0.358 < 0.001
BES, 0.291 0441 < 0.001
FE at TP 0.290 0.021 0.077
BE at TP — 2.305 0.124 < 0.001
Df —0.316 0.052 0.005
Db — 1.119 0371 < 0.001
Dp — 0.770 0228 < 0.001
Dt 0.147 0.016 0.115
Da —0.212 0.040 0.013
BAD-D — 0.589 0305 < 0.001
PPImin —0.131 0282 < 0.001
PPIavg —0.121 0.172 < 0.001
PPImax — 0.055 0.025 0.05
ARTmax 22.748 0.038 0.016

Sirius

sBES 0.264 0.347 < 0.001
sBESy 0.308 0.477 < 0.001
sFE at TP 0.132 0.006 0.343
sBE at TP — 1.075 0.088 < 0.001
SIf (D) 0.018 0.001 0.745
SIb (D) 0.015 0.007 0319
KVf (um)  — 0.152 0.007 0316
KVb (um)  — 2273 0099 < 0.001
BCVf (um)  — 0.008 0.001 0.722
BCVb (um)  — 0.179 0.138 < 0.001

Table 3 continued

Unstandardized §  R® r

BCV (um)  — 0.078 0.071 0.001

ISV index of surface variance, IVA index of vertical
asymmetry, KI keratoconus index, JHD index of height
decentration, BFSf and BFSb best fit sphere for the front
and back surface, FE and BE at TP front and back corneal
clevations at thinnest pachymetry, Df deviation of nor-
mality of the front elevation, Dé deviation of normality of
the back elevation, DP deviation of normality of pachy-
metric progression, D¢ deviation of normality of corneal
thinnest point, Da deviation of normality of relational
thickness, BAD-D overall deviation of normality, PPl
pachymetric progression index (minimum, average, and
maximum), ARTmax Ambrosio’s maximum relational
thickness index, sBFSf and sBFSb best fit sphere for the
front and back surface in Sirius, sFE and sBE at TP front
and back corneal elevations at thinnest pachymetry in
Sirius, SIf surface asymmetry index of front surface, Sib
surface asymmetry index of back surface, KVf keratoconus
vertex front, KVb keratoconus vertex back, BCVf Baioc-
chi—Calossi—Versaci index for front surface, BCV) Baioc-
chi-Calossi—Versaci index for back surface, BCV vector
summation of both surfaces

Statistical Analysis

Statistical analysis was performed using SPSS (v.
23.0, IBM Corp, Armonk, NY, USA). Compar-
isons for individual corneal descriptors between
two devices were carried out using paired f test.
Comparisons between CD groups were carried
out wusing one-way analysis of variance
(ANOVA). Linear regression analyses were per-
formed for indices with respect to CD. The
percentages of abnormality between groups
were compared by chi-squared test. P < 0.05
was considered statistically significant.

RESULTS

The right eyes of 72 men (47.1%) and 81
women (52.9%) were included. The number in
each CD group was as follows: 11.1 mm or less,
n=>50; 11.2-12mm, n=152; and 12.1 mm or
greater, mn=>51. The mean age was
27.9 £ 5.1years for the CD < 11.1 group,
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26.6 £ 6.5 years for the CD 11.2-12.0 group,
and 26.0 £ 5.3 years for the CD > 12.0 mm
group (ANOVA: F=0.721, P=0.489). The
mean of the spherical error at the spectacle
plane was — 3.98 £ 2.06 D (range — 1.0 to
—10.0D) for the CD<11.1 group,
—4.17 £ 2.06 D (range — 1.0 to — 9.0 D) for the
CD 11.2-12.0 group, and -3.53 £1.45D
(range — 1.0 to — 8.0 D) for the CD > 12.0 mm
group (ANOVA: F=1.593, P=0.207). The
mean of the cylindrical error at the spectacle
plane was — 1.15 + 0.95 D (range — 3.5 to 0 D)
for the CD < 11.1 group, —1.114+0.71D
(range — 3.0 to 0 D) for the CD 11.2-12.0 group,
and — 1.50 £ 0.61 D (range — 3.0 to 0 D) for the
CD > 12.0mm group (ANOVA: F =3.909,
P =0.022).

Table 2 summarizes the means and results of
paired ttest for readings taken by two devices.
The results of regression analyses for individual
keratoconus descriptors with respect to CD are
shown in Table 3. For parameters derived from
Pentacam, BFS; BFS,, and ARTmax were posi-
tively correlated with CD, while BE, Df, Db, Dp,
Da, BAD-D, PPImin, and PPlavg were negatively
correlated with CD (P < 0.05). CD had the
greatest influence on BFS, (R® = 0.441,
f=0.291, P < 0.001), then on Db (R* =0.371,

p=-1.119, P<0.001), BFS; (R*=0.358,
p=0.286, P<0.001), BAD-D (R*=0.305,
f=—0.589, P < 0.001), and PPImin

(R*=0.282, f=-0.131, P <0.001). CD had
little influence on the four topometric indices
(ISv, 1IVA, KI, IHD), FE, Dt, and PPlmax
(P > 0.05). The scatter plots for the indices of
Pentacam with respect to CD (only parameters
with P < 0.05) are displayed in Fig. 1

For parameters derived from Sirius, sBFS¢s and
sBFS,, were positively correlated with CD while
sBE, KVb, BCVb, and BCV were negatively cor-
related with CD (P < 0.05). CD had the greatest
influence on sBFS, (R*=0.477, f=0.308,
P <0.001), followed by sBFS; (R*=0.347,

p=0.264, P<0.001), BCVb (R*>=0.138,
p=-0.179, P<0.001), KVb (R*>=0.099,
p=-2273, P<0.001), sBE (R*=0.088,
p =—1.075, P =0.001), and BCV (R*=0.071,

f =—0.078, P =0.001). CD had little influence
on FE, SIf, SIb, KVf, BCV{, and Sirius classifier
(P > 0.05). The scatter plots for the indices of

Sirius with respect to CD (only parameters with
P < 0.05) are displayed in Fig. 2.

Table 4 listed the results of classification for
the keratoconus indices with respect to CD. For
parameters derived from Pentacam, the differ-
ences in the classifications between the three
CD groups were statistically significant (Pear-
son’s chi-square test, P < 0.05) for the following
indices: BE, Df, Db, Dp, BAD-D, PPImin, and
PPlavg. For parameters derived from Sirius, the
difference in the classifications between the
three CD groups was significant for KVb (Pear-
son’s chi-square test, P = 0.003).

Overall, the numbers and percentages of eyes
with normal values for all the 10 indices of
Pentacam (four PPIs plus six BAD indices) were
5 (10%), 15 (26.3%), and 34 (66.7%) for the
three CD groups, respectively. The numbers and
percentages of eyes with normal values for all
the eight indices of Sirius (SIf, SIb, KV{, KVD,
BCV{, BCVb, BCV, and Sirius classifier) were 21
(42%), 31 (59.6%), and 31 (60.8%) for the three
groups, respectively.

DISCUSSION

To date, few studies have focused on the influ-
ence of CD on the performance of Sirius [15]. In
this study, we evaluated the performance of the
Sirius system in participants with different CDs
and compared it with that of Pentacam HR. The
correlations between CDs and BAD indices in
Pentacam were consistent with previous publi-
cations [2-4]. What is added in the current
study is that CD also influenced indices of Sir-
ius, e.g., sBESy, sBFS;, KVb, BCVb, and BCV, but
the difference in the classifications for the ker-
atoconus indices between three CD groups was
significant only for KVb.

Best fit sphere (BES) is the standardized ref-
erence shape that is calculated on the basis of
the value of the central and eccentric radii of
cornea. In corneas with a small diameter, both
the BFS; and BFS, may have an increased radius
of curvature (flatter power) because the curva-
ture may become flat earlier in small diameter,
leading to an increased elevation above the
standardized reference shape. Meanwhile, KVb
is the maximum elevation of the posterior
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«Fig. 1 Scatter plots for the indices of Pentacam with
respect to corneal diameter. BFSf and BFSb best fit sphere
for the front and back surface, BE back corneal elevation at
thinnest pachymetry, Df deviation of normality of the
front clevation, Db deviation of normality of the back
clevation, DP deviation of normality of pachymetric
progression, BAD-D overall deviation of normality, PP/
pachymetric progression index (minimum, average), ART-
max Ambrosio’s maximum relational thickness index

cornea (height of posterior vertex). It is the
counterpart of BE at TP in Pentacam. But it is
not equal to BE at TP which represents the ele-
vation of the posterior cornea at the thinnest
point. The possible explanation for the greater
influence of CD on BE than on FE is that the
posterior cornea may become flat more quickly
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than the anterior cornea toward the limbus in
small cornea because the curvature is steeper in
the posterior cornea [3]. BCVb is obtained by
combining different aberration coefficients,
including vertical trefoil, vertical coma, hori-
zontal coma, spherical aberration (SA), and
second-order vertical coma from the posterior
corneal surface, and BCV is the vector summa-
tion of both surfaces. BCV index has been
proved to show great accuracy in diagnosing
keratoconus with great sensitivity and speci-
ficity in previous publications [9, 14]. The
higher BCVb and BCV could be related to the
steeper curvature [16] and shallower ACD [17]
in small cornea. Previous studies have found
that the corneal spherical aberration became
more positive with increasing power of the
corneal surface [16]. Davis et al. [18] ascribed
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«Fig. 2 Scatter plots for the indices of Sirius with respect to
corneal diameter. sBFSf and sBFSb best fit sphere for the
front and back surface in Sirius, sBE back corneal
elevations at thinnest pachymetry in Sirius, KVb kerato-
conus vertex back, BCVb Baiocchi—Calossi—Versaci index
for back surface, BCV vector summation of both surfaces

the correlation between ACD and corneal
asphericity to the mechanical influences on the
peripheral cornea as the anterior chamber
elongates during ocular growth. Further study is
needed to explore the profile of aberrations in
regard to corneal diameters, which may help to
determine the individualized analytical dimen-
sion for each CD.

This study found that CD had no correlation
with the following indices: KVf, SIf, and SIb.
KVt is the maximum elevation of the anterior
cornea (height of anterior vertex). Similarly, no
correlation was found between FE and CD in
Pentacam. Surface asymmetry index is defined
as the difference of the mean tangential curva-
ture (expressed in diopters) of two circular zones
centered on the vertical axis of the inferior and
superior hemispheres of front surface (SIf) and
back surface (SIb). Likewise, we found no cor-
relation between CD and the four topometric
indices in Pentacam. In contrast, Cao et al.
found higher ISV and IHA in eyes with CD less
than 11.1 mm. The possible explanation for the
discrepancy is that only patients with normal
topography (i.e., Klyce/Maeda Keratoconus
Index = 0; Smolek/Klyce Keratoconus Severity
Index = 0; and I-S value < 1.4 D) were included
in the study.

Both BAD-D and Sirius classifier are multi-
variate indices that combined several key indi-
cators of ectasia. The BAD-D derived from
Pentacam is an integrated index that considers
nine separate screenings for subclinical kerato-
conus. BAD-D has been shown in multiple
studies to have a high accuracy in detecting
both clinical and subclinical keratoconus
[18, 19]. In the current study we found that the
rates of being flagged as abnormal cases for
BAD-D were 60% for CD < 11.1 mm, 46.2% for
CD 11.2-12.0 mm, and 5.9% for
CD > 12.0 mm. The significant differences in
the rate of abnormality between different CD-

based groups indicate that corneal diameter
should be incorporated as additional parameter
for BAD-D. Meanwhile, the Sirius classifier is
provided by support vector machine. It inte-
grates indices obtained from the anterior and
posterior corneas and corneal thickness. In the
current study we found that the rates of being
flagged as abnormal cases for the Sirius classifier
were 6.0% for CD < 11.1 mm, 5.8% for CD
11.2-12.0 mm, and 7.8% for CD > 12.0 mm. It
seems that CD has little influence on the Sirius
classifier. Previous publications regarding the
Sirius classifier are limited. Arbelaez et al. [20]
showed that the accuracy of the classifier was
excellent, and the sensitivity and specificity in
distinguishing eyes with subclinical kerato-
conus from normal eyes were 92.0% and 97.7%,
respectively. Therefore, the difference in the
performances between BAD-D and the Sirius
classifier could not be ascribed to the difference
in the accuracy and sensitivity between them.
Further studies are needed to evaluate the per-
formance of the Sirius classifier in subclinical
keratoconus with different CDs.

The main limitation of the study is that the
inclusion criteria were based only on the
topography system. It is possible that forme
fruste keratoconus (FFKC) eyes may remain
normal in topography measurements. In order
to reduce errors brought by the inclusion crite-
ria, we included only patients who were fol-
lowed up for at least 3years and their
topographies remained normal. According to
the recently published Global Consensus on
Keratoconus and Ectatic Diseases [21], there is
currently no clinically adequate classification
system for Keratoconus. Further study using a
third tomography device, e.g., the Orbscan
topography system (Bausch & Lomb, Orbtek
Inc., Utah, USA) or the Galilei dual Scheimpflug
system (Ziemer Ophthalmic Systems AG, Port,
Switzerland) along with biomechanical assess-
ment of cornea would give additional informa-
tion in this field [22]. The second limitation is
that only eyes labelled as normal were included
in the study, further research is needed to
investigate the issue in a population of suspect
keratoconus with different corneal diameters.
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Table 4 Results of classification for individual keratoconus indices for the two devices

< 11.1 mm (z = 50)

11.2-12.0 mm (2 = 52)

> 12.0 mm (z = S1)

Chi-square P

Normal  Abnormal Normal Abnormal Normal Abnormal
Pentacam
ISV 0 (100%) 0 (0%) 52 (100%) 0 (0%) 51 (100%) 0 (0%) NA NA
IVA 0 (100%) 0 (0%) 52 (100%) 0 (0%) 51 (100%) 0 (0%) NA NA
KI 0 (100%) 0 (0%) 50 (96.2%) 2 (3.8%) 50 (98%) 1 (2%) NA NA
IHD 0 (100%) 0 (0%) 52 (100%) 0 (0%) 51 (100%) 0 (0%) NA NA
FE 0 (100%) 0 (0%) 52 (100%) 0 (0%) 51 (100%) 0 (0%) NA NA
BE 0 (80%) 0 (20%) 48 (92.3%) 4 (7.7%) 50 (98%) 1 (2%) 9.69 0.008
Df 42 (84%) 8 (16%) 45 (86.5%) 7 (13.5%) 51 (100%) 0 (0%) 8.50 0.014
Db 5(70%) 15 (30%) 48 (92.3%) 4 (7.7%) 51 (100%) 0 (0%) 2251 < 0.001
Dp 5(50%) 25 (50%) 38 (73.1%) 14 (26.9%) 47 (92.2%) 4 (7.8%) 21.26 < 0.001
Dt 0 (100%) 0 (0%) 51 (98.1%) 1 (1.9%) 50 (98%) 1 (2%) NA NA
Da 9 (98%) 1 (2%) 47 (90.4%) 5 (9.6%) 49 (96.1%) 2 (3.9%) NA NA
BAD-D 0 (40%) 30 (60%) 28 (53.8%) 24 (46.2%) 48 (94.1%) 3 (5.9%) 34.30 < 0.001
PPImin 9 (18%) 41 (82%) 25 (48.1%) 27 (51.9%) 40 (78.4%) 11 (21.6%) 36.92 < 0.001
PPImax 3 (66%) 17 (34%) 37 (71.2%) 15 (28.8%) 39 (76.5%) 12 (23.5%) 1.35 0.509
PPlavg 26 (52%) 24 (48%) 40 (76.9%) 12 (23.1%) 47 (92.2%) 4 (7.8%) 21.47 < 0.001
ARTmax 49 (98%) 1 (2%) 48 (92.3%) 4 (7.7%) 49 (96.1%) 2 (3.9%) NA NA
Sirius
SIf 49 (98%) 1 (2%) 52 (100%) 0 (0%) 49 (96.1%) 2 (3.9%) NA NA
SIb 48 (96%) 2 (4%) 43 (82.7%) 9 (17.3%) 44 (86.3%) 7 (13.7%) 4.63 0.099
KVt 50 (100%) 0 (0%) 52 (100%) 0 (0%) 50 (98%) 1 (2%) NA NA
KVb 21 (42%) 29 (58%) 36 (692%) 16 (30.8%) 37 (72.5%) 14 (27.5%) 11.96 0.003
BCVf 48 (96%) 2 (4%) 49 (942%) 3 (5.8%) 51 (100%) 0 (0%) NA NA
BCVb 41 (82%) 9 (18%) 48 (92.3%) 4 (7.7%) 51 (100%) 0 (0%) NA NA
BCV 48 (96%) 2 (4%) 2 (100%) 0 (0%) 51 (100%) 0 (0%) NA NA
Sirius classifier 47 (94%) 3 (6%) 49 (942%) 3 (5.8%) 47 (92.2%) 4 (7.8%) NA NA

ISV index of surface variance, IVA index of vertical asymmetry, KT keratoconus index, JHD index of height decentration, FE
and BE at TP front and back corneal elevations at thinnest pachymetry, Df deviation of normality of the front elevation, Db

deviation of normality of the back elevation, DP deviation of normality of pachymetric progression, D¢ deviation of

normality of corneal thinnest point, Da deviation of normality of relational thickness, BAD-D overall deviation of

normality, PPI pachymetric progression index (minimum, average, and maximum), ARTmax Ambrosio’s maximum rela-
tional thickness index, SIf surface asymmetry index of front surface, Sib surface asymmetry index of back surface, KVf
keratoconus vertex front, KV keratoconus vertex back, BCVf Baiocchi—Calossi—Versaci index for front surface, BCVb
Baiocchi—Calossi—Versaci index for back surface, BCV vector summation of both surfaces
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CONCLUSIONS

In this study, we found that for Pentacam, cor-
neal diameter mainly influenced indices related
to back elevation and pachymetry progression.
For Sirius, CD mainly influenced indices related
to back elevation and corneal aberration (e.g.,
KVb, BCVDb, and BCV). For both devices, CD had
little influence on parameters related to the
shape symmetry of the cornea (e.g., topometric
indices in Pentacam; SIf and SIb in Sirius). For
the integrative indices, CD is highly correlated
with BAD-D, but not with the Sirius classifier.
The results of the two devices should be inte-
grated as a reference in screening candidates for
refractive surgery, especially for those with CD
less than 11.1 mm.
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