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Comparison of keratometry readings and corneal astigmatism
obtained with Verion image-guided system, Pentacam, and
intraocular lens Master in patients undergoing toric intraocular
lens implantation
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Purpose
Tocompare the keratometry (K) values and corneal astigmatism obtained using the
Verion image-guided system, Pentacam, and intraocular lens (IOL) Master.
Patients and methods
This retrospective study evaluated 96 eyes of 58 patients scheduled for toric IOL
implantation.
Results
The study included 96 eyes of 58 patients with cataract, among those 34 (58.6%)
were men and 24 (41.4%) were women. Age of the patients ranged from 35 to 82
years, with a mean of 54.7.50±16.1 years. Double data entry on SPSS program,
version 23 was done. A P value of less than 0.05 was considered statistically
significant. Mean flat K (Kf) was 43.3±1.8, 43.3±1.7, and 43.2±1.6 in Verion,
Pentacam, and IOL Master, respectively. Mean steep K (Ks) was 45.3±1.8, 41.1
±1.7, and 45.2±1.6 in Verion, Pentacam, and IOL Master, respectively. Mean
average K was 43.3±1.7, 44.2±1.6, and 44.2±1.5 6 in Verion, Pentacam, and IOL
Master, respectively. Mean astigmatism was 1.8±0.9, 2.0±1.0, and 1.98±1.0 in
Verion, Pentacam, and IOL Master, respectively. There was no statistically
significant difference among the three devices.
Conclusion
The K values, power of corneal astigmatism, have no significant difference, and
there is a good agreement among the Verion, IOL Master, and Pentacam. Verion
image-guided system is a reliable system and can be interchangeably used with
other currently used devices.
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Introduction
Cornea is one of the main refractive surfaces of the eye,
making up ∼70% of the refractive power of the human
eye. Keratometry is a method to measure corneal
surface powers. To calculate intraocular lens (IOL)
refractive power, corneal curvature measurement
plays a key role [1].

Toric IOL implantation is an effective and safe method
in correcting astigmatism. Accurate calculation of IOL
power is a crucial step toward a satisfactory refractive
outcome for patients. For both toric and nontoric lens
calculation, precise and reliable keratometry has to be
performed [2].

Accurate keratometry values are also used as a part of
surgical planning for corneal incision site, astigmatic
keratotomy, the management of surgery-induced
astigmatism, and correcting postoperative residual
astigmatism [3].
The Verion image-guided system is a new surgical-
assisted platform. Real-time visual image marking
under operating microscope can facilitate accurate
placement of toric IOL during surgery [4]. The IOL
Master is considered to be the gold standard for
measuring K readings and preoperative IOL power
calculation. Its refractive results were reviewed in
multiple studies, showing it provides a reliable
clinical outcome [5–7]. Pentacam is more commonly
used for topographic purposes, such as refractive
surgery and keratoconus screenings [8,9].

The main aim of this study was to assess data accuracy
of the Verion Reference Unit and compare them with
those of the IOL Master and Pentacam devices. We
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compared the following data: flat K (Kf), steep K (Ks),
and average K (K average) readings and corneal
astigmatism.
Table 1 Mean Values of Kf, Ks, K average and corneal
astigmatism measured by the 3 devices

N=96 Mean
Kf

Mean
Ks

Mean
average

Mean
astigmatism

Verion 43.3
±1.8

45.3
±1.8

44.3±1.7 2.03±1.0

Pentacam 43.3
±1.7

45.1
±1.7

44.2±1.6 1.85±0.9

IOL
Master

43.2
±1.6

45.2
±1.6

44.2±1.5 1.98±1.0

IOL, intraocular lens; Kf, flat keratometry; Ks, steep keratometry.
Patients and methods
Patients having routine cataract surgery and toric IOL
implantation were included in this retrospective study.
A total of 96 eyes of 58 patients were included in the
study. All patients received a preoperative
comprehensive examination including uncorrected
distance visual acuity, slit-lamp bio-microscopy,
noncontact tonometry, and fundus examination after
pupil dilation.

For IOL calculations, all patients were subjected to
keratometric assessment using the Pentacam, IOL
Master, and Verion image-guided system. Three
consecutive readings were taken by each device, and
average readings were recorded. Steep, flat, and mean
keratometric readings and corneal astigmatism were
compared by the three systems. All participants signed
an informed consent form in accordance with the
tenets of the Declaration of Helsinki.

The Verion Reference Unit (Alcon, Fort Worth,
Texas, USA) obtains the curvature and power of the
patient’s cornea by calculation of the position and shape
of 15 projected light reflections created by three
infrared and 12 white light-emitting diodes (LEDs).
The measurement procedure consists of two steps. In
the first step, the near-infrared reflexes on the cornea
are used to determine the corneal spherical power on a
diameter of 0.8–1.2mm. In the second step, central
2.8mm of the cornea was used to produce the still
image and determine corneal cylinder and astigmatism
axis. The total measurement time is∼20 s. Preoperative
corneal curvature data can be integrated with anterior
segment imaging for intraoperative image registration.
Verion system corrects automatically the cyclotorsion
by recognizing scleral blood vessels and iris features. It
assists the surgeon in adjusting the IOL centration and
performing accurate IOL alignment in toric IOL
implantation.

Pentacam (OCULUS Optikgeräte GmbH, Wetzlar,
Germany) uses a rotational Scheimpflug camera that
measures, among other parameters, the anterior and
posterior corneal radii. As the Scheimpflug camera
rotates, it records 25 separate images of an eye to
provide a composite image, which is focused across
the entire plane of the anterior segment. It uses an
LED (ultraviolet-free blue light, 475 nm) for
illumination.
IOLMaster (Carl Zeiss Meditec AG, Jena, Germany)
is noncontact biometry that can determine the axial
length of the eye by partial coherence interferometry. It
uses automated keratometry to measure the anterior
corneal curvature. Six LEDs are projected onto the
cornea in a hexagonal pattern within a 2.3-mm
diameter. The separation of the opposite pairs of
lights is measured objectively by the instrument’s
software. In the case of an astigmatic cornea, the
curvature is calculated from three, fixed-position
meridians. It also uses 1 LED (white light, 590 nm)
for WTW measurements.
Statistical analysis
Data were revised for completeness and consistency.
Double data entry on SPSS program, version 23 was
done (IBM, NY, USA). Quantitative data were
summarized by mean and SD, whereas qualitative
data were summarized by frequencies and
percentages. One-way analysis of variance test was
used in the analysis of the results. A P value of less
than 0.05 was considered statistically significant.
Results
The study included 96 eyes of 58 patients with cataract,
comprising 34 (58.6%) men and 24 (41.4%) women.
Age of the patients ranged from 35 to 82 years, with a
mean of 54.7.50±16.1 years.
Flat keratometry
Mean Kf was 43.3±1.8 D (range, 39.3 48.5 D), 43.3
±1.7 D (range, 39.3–48.1 D), and 43.2±1.6 D (range,
38.6–47.0 D) in Verion, Pentacam, and IOL Master,
respectively. There was no statistically significant
difference in the mean Kf among the three devices
(P=0.9) (Table 1 and Fig. 1).
Steep keratometry
Mean Ks was 45.3±1.8 D (range, 41.4–51.1 D), 41.1
±1.7 D (range, 40.5–50.1 D), and 45.2±1.6 D (range,
41.0–48.9 D) in Verion, Pentacam, and IOL Master,
respectively. There was no statistically significant
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difference in the mean Ks among the three devices
(P=0.6) (Table 1 and Fig. 1).
Average keratometry
Mean average K was 43.3±1.7 D (range, 40.5–49.8
D), 44.2±1.6 D (range, 40.0–49.1 D), and 44.2±1.5
D (range, 40.4–47.3 D) in Version, Pentacam, and
IOL Master, respectively. There were no
statistically significant differences in the mean
average K among the three devices (P=0.8)
(Table 1 and Fig. 1).
Corneal astigmatism
Mean corneal astigmatism was 1.8±0.9 D (range,
0.4–4.7 D), 2.0±1.0 D (range, 0.48–5.9 D), and
1.98±1.0 D (range, 0.4–5.4 D) in Verion, Pentacam,
and IOL Master, respectively. There was no
statistically significant difference in the mean corneal
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astigmatism among the three devices (P=0.4) (Table 1
and Fig. 2).

Results showed that the difference was not significant,
and the three devices can be used interchangeably.
Discussion
Keratometry has its contribution in evaluation of
anterior segment diseases as well as IOL power
calculation before cataract surgery. The present study
compares keratometric readings and corneal
astigmatism measured by Verion image-guided
system, Pentacam, and IOL Master.

Our results showed that there were no statistically
significant differences in K steep, K flat, average K,
and corneal astigmatism among the three devices. Our
results are consistent with other studies.

Nemeth et al. [10] did not find any significant
difference between the Verion system and the IOL
Master regarding the K values, power, and axis of
astigmatism. Lauschke et al. [11] found no
statistically significant difference between Verion
values and those obtained by IOL Master and
Pentacam in relation to mean keratometry, corneal
astigmatism, steep meridian, and vector analyses.
Their results showed narrow limits of agreement for
keratometry and astigmatism and wider agreement for
steep meridian.

Habib et al. [12] compared flat K, steep K, and
astigmatism by Verion, Pentacam, and Gallili. Their
results showed no significant difference in dioptric
power of astigmatism between Verion and
Pentacam. Correlation analysis showed agreement
between individual variables measured by the three
devices. They concluded that devices can be used
interchangeably. Wu et al. [13] found a good
agreement among the Verion, IOL Master, and
Pentacam. They did not find significant difference
in keratometric power, magnitude, and steep axis of
astigmatism. They concluded that Verion image-
guided system is a reliable system for the
measurement of keratometry values and
astigmatism.

On other studies, significant flatter keratometric
value was found with the Verion than the
Pentacam and IOL Master [14]. There was no
significant difference between the Verion system
and the IOL Master regarding the K values,
power, and axis of astigmatism. Additionally, the
IOL Master measured the biggest astigmatism
power, whereas the image-guided device measured
the second highest power among six keratometry
devices. Moreover, the highest axis of astigmatism
was obtained with the Verion. In the same study,
Verion appeared to have significantly flatter
keratometric values than the Pentacam [15]. The
same results were reported by Thomas et al. [16].
A probable explanation for these results is the
difference in measurement methods. Verion
measures the central 2.8mm of the cornea,
whereas the IOL Master uses six light reflections
on the central 2.5mm. Owing to the fact that cornea
is steeper in the center than in the periphery, more
central measurements can produce steeper
keratometric readings [17].

On a different note, Asena et al. [18] found that
keratometric values obtained by the Verion system
were significantly higher than the values obtained by
the IOL Master. The mean difference was quite small
(<0.20 D). Therefore, it was not expected to have a
substantial clinical effect. In the same study, a
difference of more than 20° has been observed in
the axis of astigmatism between the measurements
obtained using the Verion and IOL Master in 21%
of cases.
Conclusion
Our study has confirmed the previous results showing
that Verion, Pentacam, and IOL Master can be
interchangeably used in different clinical settings and
requirements.
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