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Abstract
Background: We assessed the accuracy and tendency of the VERION image-guided system (Alcon) and
the intra-ocular lens (IOL) Master 700 (Zeiss), by comparing mean refractive shift (MRS) of predicted
post-operative refraction (PPR), mean absolute error (MAE) of PPR, recommended IOL power (RIP) and K-
value before and after optimizing the IOL-constant in VERION, to show the importance of optimization.

Methods: This retrospective study involved 72 eyes. K-value was measured with both biometers. Axial
length (AL) and anterior chamber depth (ACD) measured by the IOL Master were applied to the VERION
because it cannot measure these variables. The User group for Laser Interference Biometry (ULIB) IOL-
constant for the IOL Master was applied to the VERION before optimizing the IOL constant, since no such
o�cial measure was established for it. MRS of PPR, MAE of PPR, RIP and K-value as measured by both
biometers were compared before and after optimizing the IOL-constant in the VERION. Finally,
correlations between the MRS, MAE, RIP, and K-value were analyzed in the VERION. The Wilcoxon signed-
rank test was used for analysis.

Results: Compared to the IOL Master, K-value was signi�cantly higher in the VERION. Prior to
optimization, MRS of PPR showed a signi�cant myopic shift in the VERION, and MAE of PPR was
signi�cantly higher. Additionally, RIP in the VERION was signi�cantly lower. After optimization, there were
no signi�cant differences in the MRS of PPR and RIP between the VERION and IOL Master. MAE of PPR in
the IOL Master was signi�cantly higher than in the VERION. No signi�cant correlations were found
between MRS and MAE of PPR and RIP with K-value in the VERION.

Conclusions: Before optimization, the VERION was less reliable in MRS, MAE and RIP than the IOL Master.
However, after optimization, the difference in MRS and RIP between the two devices became insigni�cant.
This study indicates that optimization of IOL-constant in the VERION is vital. After optimization, the
VERION is more accurate in PPR than the IOL Master.

Introduction
A good refractive outcome following cataract surgery, has been regarded as a vital part of refractive
surgery following increased patients expectations. Therefore, more accurate prediction of post-operative
refraction is required [1–3], as surgery aims for the independence of an individual from spectacle
correction and improved quality of life [4]. It is thus understandable that the accuracy of these
calculations is increasingly critical [5], as post-operative visual acuity has been associated with the
accuracy of measurements, prior to cataract surgery [6]. Most intra-ocular lens (IOL) calculation formulas
include K-value as one of several biometric variables [7–9]. Therefore, a precise measurement of K-value
is crucial [10].

In general, the more peripheral the cornea, the �atter it is [11, 12]. However, currently available optic
biometers measure the curvature of the cornea at different points [13]. This indicates that the predicted
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post-operative refraction (PPR) and recommended IOL power (RIP), using current calculation formulas,
could vary depending on which optic biometer was used to measure K-value.

The VERION image-guided system (Alcon, Fort Worth, TX, USA) is the latest system to improve the
accuracy of post-operative vision correction, after cataract surgery [14]. It can be used both pre- and
intraoperatively. The image taken pre-operatively can be applied for auto-registration using the intra-
operative digital marker. The VERION Reference Unit measures K-value at a range of 0.8–1.2 mm, from
the apex of the cornea, which is more centered than other optic biometers, similar to the IOL Master 700
(Carl Zeiss Meditec AG, Jena, Germany). Theoretically speaking, as Holladay argued, K-values measured
with the VERION can be slightly steeper than those measured with other devices, including the IOL Master
700 [13]. However, there is also research that has demonstrated that K-value in the VERION did not show
a signi�cant difference when compared to other optic biometers [15, 16]. To add to the debate among
studies, although previous research has indicated that several outcome measures with the VERION are
yet to be fully evaluated [17], others support that it can be used interchangeably with the IOL Master when
it comes to keratometry measurements [18]. At the same time, others suggest it cannot and that the
superiority of one system over the other cannot be established [19].

The aims of the current study were to investigate the differences in K-value between the VERION and the
IOL Master 700. In addition, mean refractive shift (MRS), mean absolute error (MAE) of PPR, and RIP as
acquired in the IOL Master 700 and the VERION, were compared before and after IOL constant
optimization for the VERION. Finally, the potential correlations between K-value in the IOL Master 700 and
the VERION, both before and after IOL constant optimization and other variables were assessed.

Methods

Study population
This retrospective study included 72 eyes from 42 patients with cataracts, who underwent uneventful
phacoemulsi�cation with IOL implantation (SN60WF, Alcon Laboratories, Inc., Fort Worth, TX, USA), at
Yokohama Tsurumi Chuoh Eye Clinic or Yokosuka Chuoh Eye Clinic in Japan. Additional inclusion criteria
included, patients with good quality IOL Master 700 and VERION Reference Unit measurements, as
indicated by both devices and post-operative best-corrected visual acuities better than 20/40. Patients
with an anterior segment eye problem, high corneal irregular astigmatism, a history of traumatic or uveitis
cataracts, intraocular or corneal operation, or intra- or post-operative complications were excluded. The
average age was 73.8 years ± 7.7 SD (range: 50-86 years), and 40.48% of patients were men (Table 1).

Table 1 Basic information of participants included for analysis
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  Mean Range p value1

Age (years) 73.8 50-86 NA2

Gender

Men n (%) 17 (40.48%) NA 0.21703

Women n (%) 25 (59.52%) NA

1. p value de�ned as statistically signi�cant at p < 0.05 level

2. Not Applicable

3. Chi-square test for categorical variables

All research and data collection methods were conducted in line with the tenets of the Declaration of
Helsinki. This study was approved by the ethical committees of both institutes (Yokohama Tsurumi
Chuoh Eye Clinic and Yokosuka Chuoh Eye Clinic), and conducted between January and April 2018.
Patients gave consent to review their medical records for this study.

Optic biometers
The VERION Reference Unit measures keratometry parameters and captures anterior segment image-
based biometric identi�cation. The system uses three infrared projections on the anterior corneal surface.
The combination of 12 corneal-re�ected light spots from monochromatic light emitting diode (LED)
sources mainly measures K-value at a range of 0.8 to 1.2 mm from the corneal apex. It also checks at 2.8
mm from the apex to adjust the measurement data.

IOL Mater 700 uses new swept source optical coherent tomography. This device has an ability to
measure K-value, anterior chamber depth (ACD), lens thickness, and axial length (AL). K-value is
measured at 2.5 mm from the corneal apex.

K-value was obtained using an IOL Master 700 and VERION. Since we used SRK/T to calculate PPR and
RIP using an IOL Master and VERION, AL was required. However, apart from K-value, the VERION does not
have an ability to measure AL. Thus, AL measured by the IOL Master 700 was applied to the calculation
of PPR and RIP. In addition, while an optimized IOL constant for the IOL Master 700, is provided by the
User Group for Laser Inter ference Biometry (ULIB), it is not for the VERION. Therefore, the optimized IOL
constant for the IOL Master was also applied to the VERION.

The VERION requires a minimum of 30 cases to optimize the IOL constant. In this study, refractive data
from three months of post-operative checks in 112 cases were used to optimize the IOL constant for the
VERION. After optimization, the optimized IOL constant for the VERION (VERION new A) was used to
calculate the PPR and RIP in it.
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Through the processes above, PPR and RIP using the IOL Master 700 and the VERION, both before and
after IOL constant optimization for the VERION were obtained.

K-value, MRS of PPR, MRE of PPR and RIP were compared between the IOL Master 700 and the VERION,
before and after IOL constant optimization for VERION MRS, MRE and RIP were compared between the
preoperative and post-operative refractive data obtained from post-operative checks, and 3 months after
the operation. The correlations between K-value and other biometric variables were analyzed, both before
and after IOL optimization for the VERION.

Statistical analysis
We assessed the normality of distribution of each continuous variable, K-value and PPR using the
Kolmogorov-Smirnov test; all showed a non-parametric distribution. To compare the K-value, MRS of PPR,
MRE of PPR, and RIP between the IOL Master 700 and the VERION before and after IOL constant
optimization for the VERION, the Wilcoxon signed-rank test was used. To investigate the correlation of the
variables, the Spearman’s rank-order cor relation test was used. A value of p < 0.05 was considered
statistically signi�cant in this research (two-sided p value). The Bell Curve for Excel, version 1.03 (Social
Survey Research Information Co, Ltd., Tokyo, Japan) was used to analyze statistical data.

Results
Mean K-values in the VERION (44.902 ± 1.482 D) were signi�cantly higher than in the IOL Master 700
(44.530 ± 1.525 D) (p < 0.0001) (Table 2).

Table 2 Comparison of K-Value between VERION and IOL Master

      (K VERION) – (K IOL Master)

Device Mean K-value (± SD) p value n < 0 n = 0 n > 0

VERION 44.902 (± 1.482) 0.0001 16 0 56

IOL Master 44.530 (± 1.525)

 

Table 3 shows MRS of PPR in the IOL Master 700 and VERION, before and after IOL constant
optimization for VERION. Before IOL constant optimization, MRS of PPR in the VERION (-0.726 ± 0.252)
showed a signi�cantly more myopic shift, compared to the IOL Master 700 (0.143 ± 0.369) (p < 0.0001).
However, after IOL constant optimization, the difference in MRS of PPR (-0.009 ± 0.031), disappeared (p =
0.1180).
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Table 3 Comparison of mean refractive shift of predicted post-operative refraction between VERION and
IOL Master

Device IOL
Master

VERION p
value1

VERION
new A2

p
value3

Difference

Mean (± SD) of RS 0.143 (±
0.369)

-0.726 (±
0.252)

<
0.0001

-0.009 (±
0.031)

0.1180 n
<
0

n
=
0

n
>
0

(RS VERION) - (RS IOL
Master)

NA4 NA4 NA4 NA4 NA4 72 0 0

(RS VERION) - (RS
VERION new A)

NA4 NA4 NA4 NA4 NA4 0 0 72

(RS VERION new A) -
(RS IOL Master)

NA4 NA4 NA4 NA4 NA4 51 0 21

1) IOL Master compared to VERION

2) VERION after IOL-constant optimization

3) IOL Master compared to VERION new A

4) Not applicable.

 

Table 4 demonstrates MAE of PPR in the IOL Master 700 and VERION before and after IOL constant
optimization. Before IOL constant optimization for the VERION, MAE of PPR (0.726 ± 0.252) was
signi�cantly higher than in the IOL Master 700 (0.331 ± 0.213) (p < 0.0001). Although, after IOL constant
optimization for VERION, MAE of PPR in it (0.147 ± 0.095) became signi�cantly lower than in the IOL
Master 700 (0.331 ± 0.213) (p < 0.0001).

Table 4 Comparison of absolute error of predicted post-operative refraction between VERION and IOL
Master
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Device IOL
Master

VERION p
value1

VERION
new A2

p
value3

Difference

Mean (± SD) of AE 0.331 (±
0.213)

0.726 (±
0.252)

<
0.0001

0.147 (±
0.095)

<
0.0001

n
<
0

n
=
0

n
>
0

(AE VERION) - (AE IOL
Master)

NA4 NA4 NA4 NA4 NA4 11 0 61

(AE VERION) - (AE
VERION new A)

NA4 NA4 NA4 NA4 NA4 72 0 0

(AE VERION new A) - (AE
IOL Master)

NA4 NA4 NA4 NA4 NA4 53 3 16

1) IOL Master compared to VERION

2) VERION after IOL-constant optimization

3) IOL Master compared to VERION new A

4) Not Applicable

 

Table 5 illustrates the mean of RIP, calculated using the IOL Master 700 and VERION, before and after IOL
constant optimization. The same table also shows the difference in RIP, in both devices, both before and
after IOL constant optimization. Prior to IOL constant optimization for VERION, the mean RIP (20.556 ±
2.640) was signi�cantly lower than in the IOL master 700 (21.701 ± 2.690) (p < 0.0001). However, after
IOL constant optimization for the VERION, its mean RIP (21.486 ± 2.772) signi�cantly increased, and it
got much closer to the one in the IOL Master 700 (21.701 ± 2.690). Thus, the statistical signi�cance
disappeared (p = 0.0946).

Table 5 Comparison of recommended IOL power between VERION and IOL Master
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Device IOL
Master

VERION p
value1

VERION
new A2

p
value3

Difference

Mean (± SD) of RIP 21.701 (±
2.690)

20.556 (±
2.640)

<
0.001

21.486 (±
2.772)

0.0946 n
<
0

n
=
0

n
>
0

(RIP VERION) - (RIP IOL
Master)

NA4 NA4 NA4 NA4 NA4 68 4 0

(RIP VERION) - (RIP
VERION new A)

NA4 NA4 NA4 NA4 NA4 0 0 72

(RIP VERION new A) -
(RIP IOL Master)

NA4 NA4 NA4 NA4 NA4 37 20 15

1) IOL Master compared to VERION

2) VERION after IOL-constant optimization

3) IOL Master compared to VERION new A

4) Not Applicable

 

Table 6 and Fig. 1, show the correlation between K-value and the other variables in the IOL Master 700
and VERION before and after IOL constant optimization. The correlation between K-value and MRS of
PPR in the IOL Master 700 was the only signi�cantly negative correlation found (Spearman’s rho = -0.34,
p < 0.005). In the IOL Master 700, there was no signi�cant correlation between K-value and MAE of PPR
and RIP. Concerning the VERION, there was no signi�cant correlation between K-value and the other
variables, before and after IOL constant optimization.

Table 6 Correlation of K-value with other parameters
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    Correlation with K-value

Parameter Device Rho p

RS

 

IOL Master -0.34 0.0033

VERION -0.22 0.057

VERION new A -0.21 0.072

AE

 

IOL Master 0.11 0.38

VERION 0.22 0.057

VERION new A 0.052 0.66

RIP

 

IOL Master 0.06 0.62

VERION 0.18 0.12

VERION new A 0.21 0.07

Discussion
This is the �rst research, which showed the importance of IOL constant optimization for the VERION to
improve the accuracy of its post-operative refractive prediction. K-value in the IOL Master 700 was
signi�cantly different from the one acquired from the VERION. Regarding predicted post-operative
refraction, before IOL constant optimization, the VERION showed a signi�cant myopic shift compared to
the IOL Master 700. Additionally, the VERION was signi�cantly less accurate in PPR than the IOL Master
700. Furthermore, RIP in the VERION was signi�cantly lower than the IOL Master 700. However, after IOL
constant optimization, the performance of the VERION dramatically improved and the myopic shift of
PPR became insigni�cant compared to the IOL Master 700. Interestingly enough, the VERION became
signi�cantly more accurate than the IOL Master 700. Furthermore, RIP in the VERION came close to that
of the IOL Master 700. Concerning the correlation between K-value and other variables, K-value and
refractive shift (RS) of post-operative refraction was the only signi�cant correlation found.

K-value is one of the most important variables for the IOL calculation formulas [7-9]. Edmund et al.
showed that the radius of corneal curvature changed between 1 mm and 5 mm from the corneal apex
and the more central the cornea, the steeper it is [11]. Various optic biometers are currently available to
measure K-value, and each device takes measurements at a different part of the cornea. For instance, the
VERION, Lenstar (Haag-Streit, Switzerland) and IOL master measure corneal curvature at 0.8-1.2 mm, 1.6
mm and 2.3 mm, and 2.5 mm from the apex of cornea, respectively. Holladay illustrated the example of
the theoretical differences in K-value among these devices [13]. When K-value in the VERION is 44.7 D,
theoretically speaking, the same values in the Lenstar and IOL master should be 44.5 D and 44.3 D
respectively. In this study, the mean K-value in VERION was 0.36 D, higher than the one in the IOL master
and the difference was signi�cant. This result comes in agreement with the aforementioned report [13].
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The VERION image-guided system is a surgical-assisted system, used both pre- and intraoperatively. The
image taken pre-operatively can be applied for auto-registration using the intra-operative digital marker.
This system is useful to insert a toric IOL and create limbal relaxing incisions (LRI) in place [14]. The
VERION Reference Unit is the biometer to measure K-value and capture the image of the anterior segment
pre-operatively. The image is integrated with the VERION image-guided system to be used for intra-
operative registration and provides real-time visual image marking through a microscope. The image-
guided system is also combined with the femtosecond laser cataract surgery platform. The Reference
Unit functions for corneal incision design and LRI [14]. This subsequent process has the potential to
improve the refractive outcome. Although this state–of-the-art system sounds very sophisticated, there
are also some concerns about this process. The VERION Reference Unit measures K-value at a different
distance from the corneal apex compared to other major biometers. Additionally, it currently cannot
measure essential biometric variables, such as ACD and AL to calculate post-operative refraction and RIP.
Therefore, the VERION needs to use ACD and AL measured by different optic biometers. Furthermore,
although the IOL constant is also a crucial factor for IOL calculation formulas, a published optimized IOL
constant for the VERION, such as the one provided by the ULIB, does not currently exist. Since the IOL
Master 700 and Lenstar are currently the gold standard optical biometers [20, 21], most research on the
importance of IOL constant optimization is conducted with the IOL Master or Lenstar. Hsieh et. al.
demonstrated that optimization of IOL constants for the IOL Master, signi�cantly improved the accuracy
of IOL calculation [22]. Aristodemou et al. [23], also reported that the IOL constant optimization could
signi�cantly improve the refractive outcome [23]. While they supported the importance of personalization
of the IOL constant, Charalampidou [24] mentioned that the published IOL constant from the ULIB is as
accurate as the personalized IOL constant, unless surgeons perform an extremely high number of
operations per year and only use speci�c models for a relatively long time to apply the data for the
optimization [24]. The result indicated that although personalization of IOL constant is still ideal, for the
majority of surgeons, the published IOL constant from the ULIB is very useful. However, as of now, the
optimized IOL constant for the VERION has not been provided by the ULIB [25]. Therefore, IOL
manufacturers advise the �rst user of the VERION to apply the published IOL constant provided by the
ULIB.

Again, K-value is one of the most important factors for the calculation of post-operative refraction and
RIP, but K-value is measured at different areas from the apex of the cornea, when using a VERION or IOL
Master. Therefore, to utilize the best of the functions of the VERION, it is worth investigating how the
application of the published IOL constant affects the tendency and accuracy of PPR and RIP calculated
using the VERION, and how the IOL optimization for it, improves outcomes.

In this study, we compared K-value, MRS of PPR, MAE of PPR, and RIP between the IOL Master 700 and
the VERION, before and after IOL constant optimization. The correlations between K-value and all
variables, were also analyzed. K-value in the VERION was signi�cantly higher than in the IOL Master. This
result was in line with past research [12, 13]. Prior to optimization, the VERION showed a signi�cantly
more myopic shift in MRS of PPR, higher MAE of PPR, and lower RIP than the IOL Master 700. These
results indicate that before IOL constant optimization for the VERION, the device is signi�cantly less
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accurate than the IOL Master 700, and the shift of PPR and RIP, has a particular tendency. However, after
IOL-constant optimization for the VERION, the myopic refractive shift of PPR disappeared. MRE of PPR
signi�cantly improved, and interestingly enough, MRE of PPR in the VERION was signi�cantly lower than
the IOL Master 700. Additionally, concerning the RIP, it signi�cantly increased in the VERION and came
close to that of the IOL Master. These results indicate that after IOL optimization for the VERION, it turns
out to be signi�cantly more accurate than the IOL Mater 700. This �nding has increased clinical
signi�cance as it can result in an improved quality of life and more independence from spectacles [26] for
a patient who has undergone cataract surgery. The aforementioned particular tendencies disappeared.
Regarding the correlation of K-value with RS of PPR, absolute error of PPR, and RIP in the VERION, K-
value showed no in�uence on these three variables, regardless of IOL constant optimization. Whereas, K-
value signi�cantly affected RS of PPR, where the higher K-value the more myopic shift the PPR showed.
This result comes in agreement to previous research [27]. Thus, we do not need to take the in�uence of K-
value on PPR and RIP into consideration when we use the VERION, but we do need to take the in�uence
of K-value on only PPR when we use the IOL Master.

A potential limitation of the current study is that a vital variable (AL) needed for the calculation of PPR
and RIP, was not provided from the VERION and thus, the ones obtained from the IOL Master 700 were
employed. Although, this was expected to have biased our results in favor of the IOL Master 700, that was
not the case. It would be useful to have a published IOL constant for the VERION to assess in the future
whether the pattern of the aforementioned results will change. Moreover, it can be inferred that the
VERION has been found to have an accuracy close to that of gold standard devices, such as the IOL
Master 700. Finally, future research could focus on the quality of vision and quality of life of those in
whom post-operative outcome measurements are taken with the VERION.

Conclusion
The VERION was less reliable than the IOL Master 700 before IOL constant optimization. That being said
IOL constant optimization signi�cantly improved its predictability. Moreover, after IOL constant
optimization, the VERION became signi�cantly more accurate than IOL Master 700.

The results of this research indicate the importance of IOL constant optimization for the VERION to
improve post-operative refraction, and to make the most of the strengths of both the VERION image-
guidance system and its Reference Unit. Finally, the release of a published IOL constant for the VERION
from ULIB is also expected.
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Figure 1

Correlation between refractive shift and K-Value in A: IOL Master 700, B: VERION, and C: VERION new A.
(Abbreviations RS: refractive shift, AE: absolute error and RIP: recommended IOL power.)


