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ABSTRACT

Introduction: This study evaluated the differ-
ences and agreement between a new Scheimp-
flug camera (Scansys) and a swept-source
anterior segment optical coherence tomogra-
pher (CASIA 2) for measurements of the ante-
rior segment of the eye in normal subjects.

Methods: This prospective study included 84
eyes from 84 normal adult subjects who
underwent three consecutive measurements
with the Scansys and the CASIA 2 in random
order. The mean keratometry (Km), astigmatism
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magnitude (AST), Jo, and J45 vectors for both
anterior and posterior corneal surfaces, central
corneal thickness (CCT), thinnest corneal
thickness (TCT), and anterior chamber depth
(ACD) were obtained by both devices. The dif-
ference between these two devices was assessed
using paired ftest and violin plots. Bland-Alt-
man plots and 95% limits of agreement (LoAs)
were used to evaluate agreement.

Results: No statistically significant differences
between the two devices were found for the
anterior AST, anterior /45, and posterior J4s
(P > 0.05). The remaining parameters were sta-
tistically significant (P < 0.05), but the differ-
ences not clinically significant. The violin plots
showed that the distribution and probability
density of the measured parameters were similar
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for both devices. Bland-Altman plots revealed
high agreement for the measured parameters
between the Scansys and CASIA 2, with narrow
95% LoAs.

Conclusions: In terms of assessing parameters
for the anterior segment, our study indicated
that Scansys and CASIA 2 generally showed
significant agreement. The two devices used in
this study’s assessment of all the parameters can
be used interchangeably in refractive analysis.

Keywords: Scheimpflug camera; Swept-source
optical coherence tomography; Anterior
segment parameters; Agreement

Why carry out this study?

With the rising prevalence of myopia, the
need for refractive surgery is increasing.
Accurate measurement of the ocular
anterior segment parameter is necessary
for personalized surgical design and
preoperative risk assessment for refractive
surgery.

The study asks whether significant
agreement exists between the new
Scheimpflug camera (Scansys) and the
swept-source anterior segment optical
coherence tomographer (CASIA 2).

What was learned from the study?

In measurements of the anterior segment
of the eye, our data indicates high
agreement between Scansys and CASIA 2.
Therefore, we suggest that all measured
parameters can be considered
interchangeable in refractive analysis.

INTRODUCTION

The parameters of the anterior corneal surface
significantly affect corneal curvature and
refractive power, which are essential during the
preoperative examination for cataract and

refractive surgery [1]. In addition, the parame-
ters of the posterior corneal surface contribute
to the early diagnosis of keratoconus, corneal
ectasia, and other corneal diseases [2]. There-
fore, precise measurements of the anterior seg-
ment of the eye are necessary for personalized
surgery design and the assessment of preopera-
tive risk in cataract and refractive surgery [3, 4].

With the evolution of new technologies, vari-
ous principles-based ocular biometers have been
produced. Optical biometric devices have the
advantages of being rapid and non-contact, and
they are therefore widely used in the preoperative
examination of corneal refractive surgery [5-7].
Devices based on reflection techniques, such as
keratometers and Placido discs, can only detect
the anterior surface of the cornea, but devices
based on tomographic imaging techniques, such
as Scheimpflug and optical coherence tomogra-
phy (OCT), can detect both the anterior and
posterior surfaces [8, 9]. Scheimpflug imaging has
been one of the most widely used technologies,
e.g. it has been applied in the Pentacam (Oculus,
Wetzlar, Germany), Galilei (Ziemer Ophthalmol-
ogy GmbH, Switzerland), and Sirius (CSO, Italy)
devices, and its repeatability, reproducibility, and
agreement with other devices are excellent
[10-13]. The Scansys (MediWorks, Shanghai,
China) is a new three-dimensional anterior seg-
ment biometry analyzer using the Scheimpflug
imaging principle. It can provide 360° anterior
segment data quickly and improve the efficiency
of preoperative examination for cataract and
refractive surgery.

The anterior segment OCT (AS-OCT) is a
more recent imaging technology, and its high
resolution and high-quality images compensate
well for the shortcoming of Scheimpflug imag-
ing [14]. The swept-source OCT (SS-OCT) tech-
nique utilizes a high-speed wavelength tuning
laser, improving tissue penetration depth and
signal-to-noise ratio [15]. The CASIA 2 (Tomey,
Nagoya, Japan) is an improved version of the
CASIA SS-1000 (Tomey, Nagoya, Japan), and
represents a second-generation AS-OCT device.
It has higher scanning depth, scanning density,
and imaging resolution than the CASIA SS-1000
[16, 17]. A large number of studies have sug-
gested that CASIA 2 has excellent repeatability
and reproducibility in ocular biometry [18-21].
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However, since the Scansys device is rela-
tively new, there are few reports regarding its
precision on ocular anterior segment parameter
measurement. Therefore, this study compared
the differences and agreement between Scansys
and CASIA 2 in the measurement of corneal
parameters in normal subjects to evaluate the
clinical application value of both instruments.

METHODS

Subjects

This prospective study enrolled 84 healthy vol-
unteers (84 right eyes) at the Eye & ENT
Hospital of Fudan University. The study was
conducted in accordance with the principles of
the Declaration of Helsinki and was approved
by the ethics committee of the Eye & ENT
Hospital of Fudan University (2021174). All
participants signed informed consent forms
after being informed about the study’s goal. The
inclusion criteria were (1) subjects over 18 years
of age, willing and able to participate in the
measurement, (2) no history of wearing contact
lenses in the short term (for soft lenses less than
2 weeks and rigid lenses less than 4 weeks), (3)
corrected distance visual acuity (CDVA) > 20/
20, and (4) intraocular pressure (IOP) within the
normal range (10-21 mmHg). The exclusion
criteria were (1) active ocular inflammation and
history of ocular trauma and surgery, (2) ocular
diseases such as pterygium, corneal disease,
glaucoma, and vitreoretinal disease, (3) con-
nective tissue disorders like rheumatoid arthritis
and systemic lupus erythematosus, and (4) dry
eyes.

Instruments

The Scansys is based on 360° rotating
Scheimpflug image photography, which uses a
470 nm blue light-emitting diode (LED) slit
light. The Scansys is based on 360° rotating
Scheimpflug image photography, which uses a
470 nm blue LED slit light. Scansys offers two
versions of their software: standard and profes-
sional. The professional version, which

generates 60 tomographic images in a single
second, collects 230,400 data points, and is
mainly used to optimize intraocular lenses. Our
study used the standard version primarily for
refractive analysis. It captures 28 anterior and
posterior surface tomography pictures of the
cornea in one shot, gathering 107,520 data
points. The measurement ranges for the hori-
zontal and vertical axes are up to 14 mm and
10 mm, respectively. Additionally, it can mon-
itor the tiniest eye movements and adjust for
them using a software algorithm to reduce
motion inaccuracies. It provides anterior and
posterior corneal topography, including eleva-
tion maps, corneal thickness maps, and corneal
curvature maps [22].

The CASIA 2, an SS-OCT based biometer with
a 1310 nm swept-source laser wavelength, has a
scanning speed of 50,000 A-scan/s, a scanning
depth of 13 mm, and a longitudinal resolution
of 10 um, and a transverse resolution of 30 pm.
The anterior and posterior corneal curvatures
are assessed via 16 radial scans over 0.3 s [16].

Procedures

A well-trained operator measured each partici-
pant’s eyes with both instruments in random
order. Each subject’s eyes were measured three
times in each eye. Because of the similarity of
the two eyes of the same patient, only the par-
ticipant’s right eye was included in this study.
To reduce the effect of physiological rhythm on
the eye, all subjects were examined at least 3 h
after waking up and opening their eyes from
10:00 AM to 4:00 PM [23, 24]. Participant were
instructed to blink before each measurement to
obtain an even tear film. Only measurements
with an imaging quality of “OK” were accepted.
The measured parameters included steep ker-
atometry (Ks), flat keratometry (Kf), mean ker-
atometry (Km), astigmatism magnitude (AST),
central corneal thickness (CCT), thinnest cor-
neal thickness (TCT), and anterior chamber
depth (ACD).

The combination of astigmatism magnitude
and axis was converted to Jo and J45 vectors
using the following equation [25]:
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Jo = —(Ks — Kf)/2 x cos2a
Ja4s = —(Ks — Kf)/2 x sin2a

where o represent the cylindrical axis.
Statistical Analysis

The data were analyzed using SPSS (21.0, IBM
Corp, USA) and Excel (v365, Microsoft Corp,
USA). Because the Kolmogorov-Smirnov test
revealed that all of the data had a normal dis-
tribution, the results were reported as
mean =+ standard deviation (SD). As a hybrid of
box plots and kernel density plots, violin plots
(GraphPad Prism 8, CA, USA) depict the distri-
butions and density of the measured parame-
ters. To determine whether the mean difference
between the parameters measured by the two
devices was statistically significant, the paired
ttest was performed; P < 0.05 was considered
statistically significant. Bland-Altman plots and
the 95% limits of agreement (95% LoAs) were
used to assess the agreement between the two
devices. The 95% LoAs was defined as the aver-
age difference between the two devices
+ 1.96 SD.

RESULTS

A total of 84 right eyes of healthy subjects were
analyzed in this prospective study. The male to
female ratio was 1:2.2. The mean age was
28 + 6.4 years (range 18-47 years).

All CDVA values were better than 20/20
Snellen equivalent. The spherical refraction
was — 4.57 £+ 2.35 diopters (D) (range — 9.25 to
—0.50D) and cylinder was — 0.63 +£ 0.71D
(range — 1.25 to — 2.75 D).

Table 1 and show the difference and agree-
ment of the measured parameters between
Scansys and CASIA 2. There were no statistically
significant (P > 0.05) differences in the anterior
AST, anterior J45, and posterior J45 values mea-
sured between Scansys and CASIA 2. Despite
being statistically significant (P < 0.05), the
differences in the remaining parameters
between the two devices were minor. Scansys
values for CCT, TCT, posterior AST, and

posterior J, were slightly larger than those
obtained by CASIA 2, while the remaining
parameters were lower than those measured by
CASIA 2. Figure 1 shows the distinct expression
patterns of the two devices, indicating that the
distribution and probability density of the
measured parameters are similar for both devi-
ces. The Bland-Altman plots revealed narrow
95% LoAs for the parameters measured by
Scansys and CASIA 2 devices (Figs. 2, 3, 4, 5).

DISCUSSION

The Scansys, a new anterior segment analyzer, is
based on the Scheimpflug imaging principle
and can simultaneously acquire anterior and
posterior corneal surface, iris, and lens data.
Scansys has received little prior research, with
only a few studies comparing it to Pentacam
[22, 26]; no agreement studies with other
instruments are available. As far as we know,
this is the first study to compare the agreement
of Scansys with an SS-OCT-based biometer. In
addition to conventional statistical methods,
violin plots were used to visually describe the
distribution and density of the measured
parameters in our study. The results confirmed
that the parameters obtained by Scansys are in
excellent agreement with those measured by
CASIA 2 and can be used interchangeably in
refractive analysis.

In the current study, the CCT and TCT
measured by Scansys were slightly larger than
those measured by CASIA 2, with a mean dif-
ference of 13.45 pym and 15.68 pm, respectively
(P <0.001). Our results are consistent with
those of Li et al., in which CCT measured using
Pentacam was higher than that of CASIA 2 with
a mean difference of 9.64 um [27]. Kiraly et al.
showed that the Pentacam exhibited a thicker
CCT than the IOLMaster 700, with a mean dif-
ference of 10.99 um [28]. Corneal thickness
measurements with the Scheimpflug technique
were generally higher than with SS-OCT, which
may be because SS-OCT technology better dis-
tinguishes the anterior—posterior border of the
cornea [24], and Scheimpflug may include the
tear film in the corneal thickness measurement
[29]. In the current study, the maximum
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Table 1 Means values and distribution for parameters measured by Scansys vs. CASIA 2
Parameters Scansys CASIA 2

Mean + SD Minimum  Maximum  Mean + SD Minimum  Maximum
CCT (um) 546.68 £ 3195  477.00 62633 53323 £ 3232 46267 61633
TCT (um) 54328 + 3216 473.67 622.67 527.60 + 3256 459.00 610.33
ACD (mm) 3.19 + 026 2.56 3.70 3.24 + 026 2.69 3.80
Anterior Km (D) 42.99 & 1.28 39.48 45.90 4324 4+ 128 39.75 46.17
Anterior AST (D) 1.09 & 0.69 0.13 3.20 1.10 & 0.65 0.13 3.03
Anterior J, (D) —045+£037 —159 0.12 — 0494035  — 152 0.28
Anterior J45 (D) 0.06 £ 0.26 — 052 0.88 0.08 £ 021 — 051 0.73
Posterior Km (D)  — 606 + 0.18  — 645 — 556 —611£017  — 648 — 565
Posterior AST (D) — 0344 012  — 0.63 — 013 — 0324013  — 060 —0.03
Posterior J, (D) 0.16 £ 0.06 0.03 031 0.15 =+ 0.06 0.01 0.30
Posterior J45 (D) —003+£004 —0.14 0.08 —003+£004 —0.11 0.07

CCT central corneal thickness, TCT thinnest corneal thickness, ACD anterior chamber depth, K7 mean keratometry, AST
astigmatism, SD standard deviation, ], corneal astigmatism vector along the 0° meridian, /45 corneal astigmatism vector

along the 45° meridian
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Fig. 1 Violin plots comparing measurements by Scansys and
CASIA 2 in central corneal thickness (CCT) (a), thinnest
corneal thickness (TCT) (b), anterior chamber depth (ACD)
(c), anterior keratometry (Km) (d), posterior Km (e),
anterior astigmatism (AST), anterior J,, anterior Jss (f),
posterior AST, posterior Jo, and posterior J4s (g). The top
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and bottom black dashed lines reflect interquartile spacing,
whereas the black dashed line in the middle represents the
median. Asterisks indicate significant differences at *
P <005 * P <001, * P <0001; ns, nonsigniﬁcant
P > 0.05. ], corneal astigmatism vector along the 0° merid-

ian, J45 corneal astigmatism vector along the 45° meridian
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Fig. 3 Bland-Altman plots demonstrating agreement in
the assessment of anterior chamber depth (ACD) between
Scansys and CASIA 2. SS-OCT swept-source optical
coherence tomography, SD standard deviation

absolute value of 95% LoAs of CCT and TCT
were 22.55 ym and 25.28 pm, respectively. Pre-
vious studies have shown that a 10% difference
in CCT measurements may result in a
3.4 £ 0.9 mmHg change in IOP measurements
[30]. Therefore, considering the mean CCT of
normal eyes is 536 = 31 pum [31], the measure-
ment differences between the Scansys and
CASIA 2 correspond to a 5.02% CCT measure-
ment difference; this result has a negligible
effect on IOP. Biswas and Biswas found good
agreement between the CASIA SS-1000 and
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CASIA 2. SS-OCT swept-source optical coherence tomog-
raphy, SD standard deviation

Pentacam on CCT and TCT, with 95% LoAs
ranging from 1.98 to — 25.42 pm and 1.72 to
— 24.99 um, respectively [24]. Chen et al. com-
pared the Pentacam and a Fourier domain
optical coherence tomographer (RTVue-100;
Optovue Inc, Fremont, CA, USA) for CCT and
found 95% LoAs ranging between — 0.7 and
22.5 um [32]. Our results are comparable to
theirs, indicating good agreement in the mea-
surements of CCT and TCT.

For intraocular lens (IOL) power calculation,
every 0.10 mm change in ACD results in a 0.10
to 0.15D change in refraction [33]. In our
study, the mean ACD value measured by Scan-
sys was smaller than those measured by
CASIA 2, with a mean difference of — 0.05 mm.
This difference is small and would not signifi-
cantly affect the IOL power calculation. Our
results are similar to those reported by Sel et al.,
in which the mean difference in ACD mea-
surements between Pentacam AXL (Oculus
Optikgerdite GmbH, Germany) and IOLMaster
700 was 0.04 &+ 0.02 mm [34]. In the current
study, the 95% LoAs for ACD were narrower,
ranging from — 0.13 to 0.02mm. Ozyo and
Ozyo found high agreement between ACD
measured by the IOLMaster 700 and Pentacam
with a 95% LoAs of — 0.08-0.09 mm [35]. Li
et al. used Pentacam and CASIA 2 to measure
ACD with a 95% LoAs of — 0.38 to 0.23 mm,
also indicating excellent agreement between

A\ Adis



Ophthalmol Ther (2023) 12:3187-3198

3193

Mean Keratometry

04
S
£ 02}
Q
Q
2 ool o e +1.96 SD
EI,’I i -0.01
:,% 02 Mean
3 3 o -0.25
Q
£ 04r -1.96 SD
3 L
2 -0.49
5 06
5= L

0.8 I . I I I . I . |

38 40 42 44 46 48 50
Mean of Scheimpflug and SS-OCT (D)
A
Vector JO

0.6 -
é L
= 04}
Q
2 | +1.96 SD
) :
&5 0.20
= i Mean
T 00F o 0 0.04
3 | o -1.96 SD
3 -02fF -0.13
g B
5 04
E
o

LT T A (PO PR S O A W (RN R B A A T I

-2.0 -1.6 -1.2 -0.8 -0.4 0.0 0.4 0.8
Mean of Scheimpflug and SS-OCT (D)
C

Fig. 4 Bland-Altman plots demonstrating agreement in the
assessment of mean keratometry (Km) (a), astigmatism (AST)
(b), Jo (c), and J4s (d) of anterior corneal surface between
Scansysand CASIA 2. SS-OCT swept-source optical coherence

the two devices [27]. The 95% LoAs in this study
were comparable to or even narrower than the
above results, so Scansys has the same high level
of agreement as CASIA 2.

Measurement and analysis of corneal curva-
ture are widely used in corneal refractive sur-
gery, IOL power calculation, corneal
transplantation, and the diagnosis of kerato-
conus. In the current study, the difference in
Km values on the anterior and posterior corneal
surfaces measured by the two devices
was — 0.25D and 0.05 D, respectively, which
was small and clinically acceptable. Our find-
ings were consistent with Pérez-Bartolomé et al.,
who found that the difference between the
anterior and posterior Km measured using
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tomography, SD standard deviation, J, corneal astigmatism
vector along the 0° meridian, J4s corneal astigmatism vector

along the 45° meridian

Pentacam and Anterion (Heidelberg Engineer-
ing) was — 0.13D and — 0.16 D, respectively
[36]. The different methods and algorithms of
corneal curvature measurement can explain the
difference between the two devices. Scansys
uses the Scheimpflug method to measure the
height of the cornea and triangulation to turn
the height data into data about the shape of the
cornea [37]. In contrast, CASIA 2 is based on SS-
OCT, and measurements are made by scanning
two-dimensional cross-sectional maps to com-
pose a simulated corneal surface. According to
to the Bland-Altman plots, the maximum
absolute values of 95% LoAs on the anterior and
posterior Km in this study were 0.49D and
0.12 D. According to Eibschitz-Tsimhoni’s study
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Fig. 5 Bland-Altman plots demonstrating agreement in
the assessment of mean keratometry (Km) (a), astigmatism
(AST) (b), Jo (c), and J4s (d) of posterior corneal surface
between Scansys and CASIA 2. SS-OCT swept-source

[38], every 1.00 D deviation in corneal curvature
results in a 0.80 to 1.30 D deviation in IOL
power calculation, and an error margin of 0.5 D
is acceptable in clinical applications; therefore,
the 95% LoAs of Km in this study is clinically
acceptable, though constant optimization
would still be highly recommended. Many pre-
vious studies have demonstrated that measure-
ments from different corneal curvature
measurement systems cannot be considered
interchangeable. Cui et al., for example, com-
pared color LED technology (Cassini, Casini
Technologies, the Hague, the Netherlands) to
Pentacam with a 95% LoAs ranging from — 0.60
to 0.76 D for anterior Km [39]. The study by
Crawford et al. also suggests that Orbscan II and
Pentacam tomographers differ significantly and

optical coherence tomography, SD standard deviation, J,
corneal astigmatism vector along the 0° meridian, J4s
corneal astigmatism vector along the 45° meridian

are not yet interchangeable for clinical use [40].
In contrast, the OCT system and Scheimpflug
camera, which simultaneously measure the
anterior and posterior corneal curvature, had
high agreement in most studies and were con-
sistent with our findings. Zhao et al. reported
excellent agreement between the Km values
measured by Pentacam and CASIA SS-1000 in
children, with a 95% LoAs ranging from — 0.09
to 0.51D [41]. High agreement was found
between CASIA and Pentacam HR (95% LoAs,
— 0.24 to 0.54 D) in adults [42]. As a result, the
anterior and posterior Km measured by the two
devices also showed high agreement.

Accurate measurement of preoperative AST is
an integral part of good postoperative moni-
toring of visual quality in patients. We found
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Table 2 Difference and agreement for parameters measured by Scansys vs. CASIA 2

Parameters Mean difference + SD P value 95% LoAs

CCT (um) 13.45 £ 4.64 < 0.001 4.36 to 22.55
TCT (um) 15.68 + 4.90 < 0.001 6.08 to 25.28
ACD (mm) — 0,05 + 0.04 < 0.001 ~ 0.13 0 0.02
Anterior Km (D) — 025 + 0.12 < 0.001 — 0.49 to — 0.01
Anterior AST (D) — 0.01 £0.14 0.532 — 0.29 t0 0.26
Anterior J; (D) 0.04 4+ 0.08 0.001 — 0.13 t0 0.20
Anterior J45 (D) — 0.02 £ 0.12 0.177 — 0.25 to 0.21
Posterior Km (D) 0.05 £+ 0.04 < 0.001 — 0.02 to 0.12
Posterior AST (D) — 0.03 + 0.06 < 0.001 — 0.14 to 0.08
Posterior ], (D) 0.01 4+ 0.03 0.021 — 0.04 to 0.06
Posterior J45 (D) — 0.01 = 0.03 0.139 — 0.07 to 0.05

CCT central corneal thickness, 7CT thinnest corneal thickness, 4CD anterior chamber depth, K7 mean keratometry, AST
astigmatism, SD standard deviation, J, corneal astigmatism vector along the 0° meridian, J,s corneal astigmatism vector

along the 45° meridian

that the average difference between AST, J,, and
J1s measured by the two instruments was small,
ranging between — 0.03 and 0.04 D. The distri-
bution and density of the violin plots were
similar. Furthermore, the maximum absolute
95% LoAs for anterior and posterior surface AST,
Jo, and J45 were all less than 0.3 D, with high
agreement. Similarly, Gim et al. used Pentacam
and Anterion to measure anterior and posterior
corneal Jo/J4s, obtaining a narrow 95% LoAs
range, which showed high agreement [43]. The
study by Zhao et al. compared Jo and J4s
between Pentacam and CASIA SS-1000. The
maximum absolute 95% LoAs for J, was 0.23 D,
and that for /45 was 0.31 D [41]. Ozyo and Ozyo
compared Pentacam and IOLMaster 700 for Jo
(95% LoAs 0f 0.24 to — 0.1 D) and J45 (95% LoAs
of 0.27 to — 0.31 D), both of which can be used
interchangeably [35].

There were some limitations in this study.
First, we did not include other parameters, such
as iridocorneal angle, crystalline lens, and pupil
parameters. We will compare more parameters
in the future. Another constraint was that we
only included healthy eyes. Further research
should be conducted to compare different
groups of patients, particularly those excluded

from the study because of corneal ectatic and
corneal disease.

CONCLUSION

Our data show a high agreement between
Scansys and CASIA 2 in healthy subjects for
ACD, CCT, TCT, Km anterior, Km posterior, AST
anterior, AST posterior, ] anterior, ]y posterior,
Jas anterior, and J45 posterior. Therefore, we
suggest that all measured parameters can be
considered interchangeable in refractive
analysis.
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