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Abstract The purpose of this study was to compare
the keratometry (K) values obtained by the Scheimp-
flug camera combined with placido-disk corneal
topography (Sirius) and optical biometry (Lenstar)
for intraocular lens (IOL) power calculation before the
cataract surgery, and to evaluate the accuracy of
postoperative refraction. 50 eyes of 40 patients were
scheduled to have phacoemulsification with the
implantation of a posterior chamber intraocular lens.
The IOL power was calculated using the SRK/T
formula with Lenstar K and K readings from Sirius.
Simulated K (SimK), K at 3-, 5-, and 7-mm zones from
Sirius were compared with Lenstar K readings. The
accuracy of these parameters was determined by
calculating the mean absolute error (MAE). The mean
Lenstar K value was 44.05 diopters (D) +1.93 (SD) and
SimK, K at 3-, 5-, and 7-mm zones were 43.85 £+ 1.91,
43.88 £ 1.9, 43.84 £ 1.9, 43.66 + 1.85 D, respec-
tively. There was no statistically significant difference
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between the K readings (P = 0.901). When Lenstar
was used for the corneal power measurements, MAE
was 0.42 £ 0.33 D, but when simK of Sirius was used,
it was 0.37 £ 0.32 D (the lowest MAE (0.36 +
0.32 D) was achieved as a result of 5 mm K measure-
ment), but it was not statistically significant (P =
0.892). Of all the K readings of Sirius and Lenstar,
Sirius 5-mm zone K readings were the best in
predicting a more precise IOL power. The corneal
power measurements with the Scheimpflug camera
combined with placido-disk corneal topography can be
safely used for IOL power calculation.

Keywords Intraocular lens power calculation -
Optical biometry - Placido-disk corneal topography -
Scheimpflug camera

Introduction

Nowadays, cataract surgery not only focuses on visual
improvement, but also it is considered as a form of
refractive surgery. Final refractive outcomes are
important for the success of cataract surgery. Intraoc-
ular lens (IOL) power calculation is the first step in
preoperative examination to reach the target refraction
[1]. Corneal power measurement is required to
calculate the IOL power to be implanted at the time
of surgery. With the improvement in technology, there
have been many devices to measure the corneal power.
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It can be measured by manual and automated
keratometry, placido-disk corneal topography with
and without Scheimpflug camera imaging, and optical
biometry [2—4].

The use of the rotating Scheimpflug camera to
measure the corneal power has some advantages over
the placido-disk corneal topography. Scheimpflug
camera can measure the central corneal curvature
and posterior cornea. Theoretically, this may lead to
improved accuracy in IOL power calculation. How-
ever, the reports comparing the keratometric values of
Scheimpflug camera (Pentacam, Oculus, Inc.) and
placido-disk corneal topography (Keratron) gave
similar results [5, 6]. The reports that compare the
Scheimpflug corneal topography (Pentacam) and
optical biometry (IOL Master, Carl Zeiss Meditec)
also gave similar results [7]. On the other hand,
Shirayama et al. [8] did not find a statistically
significant difference between the dual Scheimpflug
analyzer and a placido-disk-based corneal topographer
in measuring corneal power. On the accuracy of IOL
power calculation, the combined topography systems
need further investigation.

The purpose of this prospective study was to
compare the corneal power measurements of the
Scheimpflug camera combined with placido-disk
corneal topography (Sirius, CSO Inc, Florence, Italy)
and optical biometry (Lenstar LS 900, Haag-Streit
AG, Koeniz, Switzerland), and to evaluate the accu-
racy of IOL power calculation.

Patients and methods

This prospective observational study comprised 50
eyes of 40 patients scheduled for a cataract surgery
between June 2014 and January 2015. Each patient
was informed about the study and given written
consent. The study was approved by the ethics
committee of the Bagcilar Training and Research
Hospital and the methods adhered to the tenets of the
Declaration of Helsinki.

Preoperatively, all patients had a full ophthalmic
examination, including visual acuity, Goldmann appla-
nation tonometry, and slit lamp biomicroscopy. Patients
with corneal abnormality, previous refractive surgery,
and dense cataract were excluded. Keratometry was
measured with optical biometry device (Lenstar LS 900,
Haag-Streit AG, Koeniz, Switzerland) as well as corneal
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topography (Sirius, CSO Inc, Florence, Italy). Three
measurements were performed with each device. In the
case of low reproducibility, the measurements were
repeated. The good quality outputs were used for further
analysis.

For the IOL power calculation, the measurements
of optical biometry device were used including axial
length (AL) and keratometry. The IOL power calcu-
lations were performed using the same formula SRK/T
based on the current Royal College guidelines [A].
Only the eyes with AL between 22.0 mm and
24.5 mm were included in the study to eliminate the
errors according to the different formulas. For com-
parative purposes, corneal power was also measured
with Sirius.

All surgeries were performed by the same surgeon
(A.K) using a 2.8-mm clear corneal incision. An
acrylic IOL (Acriva UD 613, Istanbul, Turkey) was
placed in the capsular bag in all cases. A final
evaluation was performed by assessing the subjective
refractive outcomes, one month postoperatively,
which is when the refractive stability can be expected
with small-incision clear corneal surgery. To calculate
the mean absolute error (MAE), the measured man-
ifest refractive spherical equivalent was subtracted
from the predicted refraction (based on the IOL
actually implanted) according to the SRK/T formula.
MAE was used for statistical comparisons.

Statistical analysis was performed using SPSS for
Windows software (version 21.0, SPSS, Inc, Chi-
cago, Illinois, USA). In the present study, unless
otherwise indicated, all data were expressed as the
mean £+ SD. Normality was checked using the
Kolmogorov—Smirnov test. Repeated-measures anal-
ysis of variance (ANOVA) was used to compare
mean values of corneal power measurements and
MAEs. Reliability was determined by calculating
the intraclass correlation coefficient (ICC) at % 95
confidence interval, and the limits of agreement by
the method of Bland and Altman. The means and
95 % limits of agreement (LoA) were calculated
using this method. A P value less than 0.05 was
considered statistically significant.

Results

Fifty eyes of 40 patients (22 men, 18 women) were
enrolled in the study. The mean age of the patients was
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63.1 £ 9.8 (37-80 years). The mean AL was
23.45 £ 0.74 mm (22.0-24.48 mm).

The mean Lenstar K value was 44.05 diopters
(D) £1.93 and the K readings of the topography;
SimK, K at 3-, 5-, and 7-mm zones were 43.85 £+ 1.91,
4388 £ 1.9, 43.84 £ 1.9, 43.66 + 1.85 D, respec-
tively. There was not any statistically significant
difference between the K readings. (P = 0.901)
(Table 1). The K values of optical biometry and the
simK, K values at 3-, 5-, and 7-mm zones of the
topography, were significantly correlated and showed
a high interclass correlation as shown in Table 2.

Although the MAE obtained from K readings at
5-mm zone showed a trend toward better refractive
outcomes (0.36 £ 0.32 D), there was no statistically
significant difference between the MAEs obtained
with the optic biometry and the topography parameters
(P = 0.892) (Table 1). The MAEs of the optical
biometry and the simK, K at 3-, 5-, and 7-mm zones of
the topography, were significantly correlated and
showed a high interclass correlation as shown in
Table 2.

Figure 1 shows a Bland-Altman plot comparing
MAE of the optical biometry to MAE of simK, K at 3-,
5-, and 7-mm zones of the topography. There is a high
correlation between the methods: (a) MAE of the
optical biometry and simK of the topography, with a
mean value of 0.14 and a 95 % LoA ranging between
0.55 and —0.26; (b) MAE of the optical biometry and
the topography Kat 3 mm, with a mean value of 0.11
and 95 % LoA ranging between 0.53 and —0.31;
(c) MAE of the optical biometry and the topography at
5 mm, with a mean value of 0.15 and 95 % LoA
ranging between 0.57 and —0.27; and (d) MAE of the
optical biometry and the topography at 7 mm, with a
mean value of 0.20 and 95 % LoA ranging between
0.73 and —0.34.

Table 1 Mean values of keratometry readings

D MAE
Lenstar K 44.05 £1.93 0.42 + 0.33
ScheimflugSimK 43.85 £ 191 0.37 £0.32
Scheimflug 3-mm zone K 43.88 £ 1.9 0.38 £ 0.32
Scheimflug 5-mm zone K 43.84 £ 1.9 0.36 £ 0.32
Scheimflug 7-mm zone K 43.66 + 1.85 0.39 + 0.32
P 0.901 0.892

D Diopter, MAE mean absolute error, SimK simulated keratometry

Table 2 Correlation coefficient of keratometry readings and

mean absolute errors

Intraclass correlation
coefficient (ICC)

Lenstar K
SimK
3-mm zone K
5-mm zone K
7-mm zone K
MAE Lenstar K
MAE SimK
MAE 3-mm zone K
MAE 5-mm zone K
MAE 7-mm zone K

0.995 (0.991-0.997)
0.994 (0.990—0.997)
0.995 (0.991-0.997)
0.992 (0.987—-0.996)

0.873 (0.776—-0.928)
0.874 (0.777-0.928)
0.863 (0.759—-0.922)
0.737 (0.737—0.851)

SimK simulated keratometry, MAE mean absolute error,
correlation coefficient with 95 % confidence lower limit
(parentheses)

Discussion

Our study shows that the corneal power measurements
provided by Sirius, a Scheimpflug camera combined
with placido-disk corneal topography, can be success-
fully used for IOL power calculation to achieve the
target refraction. The results obtained with the simK,
K at 3-, 5-, and 7-mm zones (MAE ranging between
0.36 & 0.32 and 0.39 £ 0.32 D), were better than
those achieved by Lenstar K (0.42 + 0.33 D), an
optical biometry. Although there was no statistically
significant difference, K at 5-mm zone gave the better
refractive outcome.

Accurate IOL power calculation is the most
important point for better visual outcome after cataract
surgery. According to Norrby [9], one of the major
sources of error in IOL power calculation is keratom-
etry which contributes to the 6 % of total errors. There
are many devices that measure the corneal power [10].
The accuracy of Scheimpflug camera on IOL power
calculation was evaluated in some studies. Savini et al.
[11] reported that the corneal power measurements
with Scheimpflug-based corneal topography should be
used for IOL power calculation. Shammas et al. [12]
compared the K values obtained with an auto
keratometer and corneal topograph with Scheimpflug
imaging and found that the K values from Scheimpflug
photography did not improve accuracy over auto
keratometer values. However, Saad et al. [7] compared
the K values of the corneal topography and optical
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Fig. 1 Bland—Altman plots for comparing a Lenstar MAE and simK MAE b Lenstar MAE and 3-mm zone MAE ¢ Lenstar and 5-mm

zone MAE d Lenstar and 7-mm zone MAE

biometry and found slightly better results with
Scheimpflug images. On the other hand, the accuracy
of Scheimpflug camera over placido-disk corneal
topography was also evaluated, and they displayed
comparable accuracy in IOL power calculation [5].
Scheimpflug camera combined with placido-disk
corneal topography system, as we used in our study,
provides tangential and axial curvature data of the
anterior and posterior corneal surfaces and the global
refractive power of the cornea [13]. In our study,
K readings of the topography, especially K at 5-mm
zone, gave the lowest MAE. These findings reveal that
dual topography system seems to give more accurate
results for IOL power calculation. Given the findings
of the present study, it can be said that the addition of a
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placido-disk topographer increases the accuracy of the
anterior corneal curvature measurements provided by
the Scheimpflug cameras. Similarly, Savini et al. [14]
compared dual Scheimpflug analyzer and a corneal
topography system for IOL power calculation and
reported that dual Scheimpflug camera can lead to
excellent results for IOL power prediction. The same
group also reported the high accuracy of Sirius device
over the corneal topographer for IOL power calcula-
tion in another study [15].

Since the AL measurement is one of the crucial
steps for IOL power calculation, the use of optical
biometry provided us a high precision in our study.
Although in the previous studies ultrasound (US)
immersion biometry was used for the AL
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measurement, we preferred Lenstar [11, 15, 16].
Comparison of refractive outcomes using optical
biometry and US immersion biometry was evalu-
ated in many studies and similar results were found
[17-19]. MAE in IOL power prediction has been
shown to be small with Lenstar when compared
with US immersion biometry [20]. Similarly,
Cruysberg et al. [21] reported that the reproducibil-
ity of Lenstar was excellent and found the AL
measurement and IOL power calculation compara-
ble with the other devices. It should be emphasized
that an important factor for using optical biometry
is to avoid eyes with dense cataract or in cases of
fixation instability, as we did in our study.

We used one of the third generation formulas, SRK/
T, for IOL power calculation [22]. In eyes with
medium AL, IOL power prediction results have varied
depending on the formula, but in many studies, SRK/T
formula was recommended for these eyes [16, 23, 24].
A previous study also showed that the use of SRK/T
formula with Scheimpflug imaging gave accurate
refractive outcomes [25].

The relatively small sample size is one of the
limitations of our study. Another limitation is that we
selected the patients with particular AL, and we did
not use other formulas for calculating the IOL power.
Finally, we did not evaluate the patients for dry eye
and unstable tear film, which can disrupt the quality of
Scheimpflug imaging.

Conclusion

In conclusion, the Sirius 5-mm zone K readings were
the best in predicting a more precise [OL power among
the other K readings of Sirius and Lenstar. Addition-
ally, our study shows the performances of a new
material namely the Sirius and gives similar results
gained in different studies providing the different
keratometry results. The corneal power measurements
with Scheimpflug camera combined with placido-disk
corneal topography can be safely used for IOL power
calculation and have comparable accuracy on postop-
erative refraction.
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