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Abstract

8 Purpose To evaluate and compare the objective refractions obtained by autorefraction and aberrometry under different light-

9 ing conditions with an isofocal intraocular lens (Isopure, BVI medical, Liége, Belgium) compared to a monofocal control
10 lens (Micropure, BVI medical, Liége, Belgium) with the same platform and material.

1 Methods Prospective, comparative and randomized study on patients undergoing cataract surgery and bilateral isofocal
12 or monofocal IOL implantation. A total of 44 subjects were randomly assigned to either the isofocal group (n=22) or the
13 Micropure (n=22). Manifest refraction (MR) was always performed under the same lighting conditions for all the patients.
14 For objective refraction the autorefractor KR8800 and the aberrometer OPD-Scan III (Nidek Inc., Tokyo, Japan.) were used.
15 For each eye included in the study, six result sets were collected: MR, AR (autorefraction measured with the autorefractor),
16 WF-P and WF-M (Zernike-coefficients-based objective refraction, photopic and mesopic pupil size), OPD-C and OPD-M
17 (autorefraction measured with the aberrometer in photopic and mesopic conditions).

18 Results The mean sphere for MR was 0.03 +0.32D for the Isopure group and 0.24 +0.22D for the monofocal group
19 (p=0.013). For the Isopure group, Friedman analysis showed statistically significant differences for sphere measured with
20 WF-P (p=0.035), WF-M (p=0.018) and OPD-M (p =0.000), and SE measured with OPD-M (p=0.004). In the Micropure
21 lens group, the Friedman analysis showed differences for all values studied (p <0.05). Correlation coefficients showed that
22 AR is the objective method with the strongest correlation values for all components of refraction for both groups.
23 Conclusion The modification of the surfaces of the isofocal lens does not have a negative impact on the refraction obtained
24 by AR compared to a standard monofocal intraocular lens.
25 Keywords Isofocal - Intraocular lens - Objective refraction - Subjective refraction - Aberrometry - Autorefraction

Key messages

26 What is known:

e Objective refraction is a good starting point to estimate the refraction in patients with intraocular lens implanted.

What this paper adds:

® Intraocular lenses based on an isofocal concept have a good correlation between manifest refraction and
objective refraction obtained by autorefractor and aberrometry.

e The objective refraction obtained with autorefractometer based on 30 the Scheiner double-pinhole principle are
better than results obtained with an aberrometer when the lens under evaluation has an isofocal design to enhance
the depth of focus.

A1 DX Lidia Pérez-Sanz .

A2 lidia.perez@miranza.es Introduction

A3 ' Miranza IOA, C/Galileo 104, 28003 Madrid, Spain Manifest refraction (MR) is considered the gold-standard
A4 2 Optometry and Vision Department, Faculty of Optics method to achieve the patient’s refraction, both for specta-
A5 and Optometry, Complutense University of Madrid, Madrid, cle prescription and after cataract surgery [1, 2]
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Automated refraction (AR) after intraocular lens (IOL)
implantation is a proper starting point to estimate the sub-
jective refraction and to verify if this is within the range
calculated previously. While it has been noted that in
monofocal lenses there is a good correlation between AR
and manifest refraction [3], the same may not occur with
multifocal refractive IOLs [4, 5] or with diffractive optic
[6, 7], where the results obtained for the sphere by autore-
fraction tend to yield more negative values [6].

The latest innovation in the optical development
of IOLs are Enhanced Depth of Focus (EDOF) lenses.
Through different strategies in which monofocal lenses
are modified, such as the induction of certain amounts of
spherical aberration (SA), an increase in depth of focus
can be achieved. This depth of focus extension leads to an
increased visual acuity especially at intermediate distances
while having less drawbacks to the occurrence of photic
side effects as with multifocal lenses [8].

One of the latest lenses of this type to come onto the market
is the Isopure lens (BVI medical, Liége, Belgium). This is the
only lens currently on the market that employs isofocal tech-
nology. This lens is based onto a 100% aspherical refractive
mechanism. The optic design, based on the patented isofo-
cal concept [9], displays polynomial complex surface design
parameters to extend the depth of focus compared to stand-
ard monofocal IOLs. On the optical bench, Isopure tends to
achieve around 1.00D of EDOF, 50% more with respect to
standard aspheric monofocal IOL [8, 10]. Due to the nov-
elty of its design, it is a lens for which many of its clinical
results are unknown. Therefore, this study aims to compare
the subjective (manifest refraction) and objective refractions,
obtained by autorefraction and aberrometry under different
lighting conditions with the isofocal intraocular lens compared
to a monofocal control lens, the Micropure lens (BVI medical,
Liége, Belgium) with the same platform and material.

Material and methods
Study design and patient population

This is a prospective, comparative, randomized study on
patients undergoing cataract surgery and bilateral isofo-
cal IOL or monofocal IOL implantation at Miranza 10A,
Madrid, Spain. Since no previous studies were found with
this intraocular lens, the sample size was calculated with
a refractive advanced monofocal IOL accepting an alpha
risk of 0.05 and a beta risk of 0.2 in a two-sided test. 22
subjects were necessary to recognize as statistically sig-
nificant a difference greater than or equal to 0.25 units.
The standard deviation was assumed to be 0.39 based on
the results obtained from the spherical equivalent (SE) of
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the manifest refraction with that advanced monofocal lens
[11]. A drop-out rate of 10% was anticipated.

All patients provided written informed consent before
enrollment. This study was approved by the clinical research
ethics committee of the Hospital Clinico San Carlos de
Madrid (Madrid, Spain) under code number 20/030-R_P and
was performed in accordance with the Declaration of Hel-
sinki. Inclusion criteria were patients over 50 years old with
healthy eyes, lens power calculated within the available range
(10-30 D), regular corneal astigmatism less than 1.0D and
clear intraocular media (other than cataract). Exclusion cri-
teria were previous ocular pathologies such as uveitis, glau-
coma, AMD, or intraocular or corneal surgery, regular corneal
astigmatism above 1D or irregular astigmatism, and the pres-
ence of pupil abnormalities.

Surgical procedure

All surgeries were carried out by the same surgeon (FP)
under topical anaesthesia. A 2.2 mm corneal incision and
a paracentesis were made with a surgical knife. Anterior
capsulotomy and nuclear fragmentation were performed
with a femtosecond laser with optical coherence tomog-
raphy image control (CATALYS Precision System, Abbott
Medical Optics, Inc.) and for lens phacoemulsification, a
commercial microsurgical system (Centurion Vision Sys-
tem, Alcon Laboratories, Inc.) was used.

Two ophthalmic viscosurgical devices were used through-
out the entire procedure: the cohesive sodium hyaluronate
1.0% (Healon, Johnson & Johnson, Santa Ana, CA) and
the dispersive sodium hyaluronate 1.2% (Amvisc, Bausch
& Lomb, Inc., Rochester, NY). Isopure or Micropure IOL
were then implanted into the capsular bag with a single-use
injection system (123 system, BVI medical, Liége, Belgium).
All surgeries were supported by the assisted cataract surgery
system (CALLISTO Eye from the Cataract Suite Markerless,
Carl Zeiss Meditiec AG). Once the procedure was completed,
patients were treated with a combination of antibiotics, cor-
ticosteroids, and antiinflammatory eyedrops (moxifloxacin,
dexamethasone, and bromfenac).

All lenses were calculated using the Barrett Universal
IT Formula taking into account a lens factor (LF) of 2.09 to
achieve emmetropia.

Intraocular lenses

Isopure lens is an enhanced depth of focus lens based on an
isofocal concept, a patented polynomial technology. It has
an aspheric, 100% refractive optic that features a complex
polynomial surface to extend the depth of focus compared
to standard monofocal intraocular lenses. It is a pre-loaded
lens made of a hydrophobic glistening free material and it
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has a filter for blue and ultraviolet light. The lens has an
optic diameter of 6.00 mm and a total diameter of 11.00 mm,
its refractive index is 1.52 and its Abbe number is 42. The
lens has a smooth aspheric surface (described by the radius
of curvature, and 5 conic constants (1 constant and 4 coef-
ficients) per surface) [9], aiming at providing optimal vision
at far and intermediate distances.

Micropure lens is a biconvex aspheric monofocal lens
with -0.11microns of SA to partly compensate the positive
SA of the average human cornea. It has the same material
and platform as the Isopure lens.

Optical bench measurements, when comparing Isopure
to Micropure lens, show that the depth of focus is increased
from 48 to 86% for corneal spherical aberrations ranging
from O to 0.28 microns at 6 mm diameter according to the
manufacturer [12].

Postoperative Eye Examinations
Subjective refraction

Patients were examined 1 day, 1 week, 1 month and
3 months after surgery, although the data reported in this
paper were taken at three months visit, as this is when refrac-
tion is considered reliable.

All refraction assessments were carried out by the same
optometrist (LP). MR was always performed under the
same lighting conditions (85 1x) for all the patients using
the ETDRS (Early Treatment Diabetic Retinopathy Study)
acuity chart and a trial frame. The starting point for the
subjective refraction was an automated objective refractor
(Topcon KR8800, Topcon Inc, Tokyo, Japan) with fogging
ensuring a VA under 20/40. Once the best visual acuity was
obtained, MR was fine-tuned, both spherical and cylindrical
components, with cross-cylinders in steps of 0.25D.

After obtaining the MR, a+0.50 D sphere was added to
that value to ensure a worsening in the far vision visual acu-
ity. This procedure helps to ensure that subjective refraction
has been properly obtained for the far focus of the IOL and
not for an “intermediate focus” since the almost theoretical,
depth of focus of such IOLs can provide good far distance
VA with a slightly more positive refraction. This procedure
can be identified with the measurement of just two points of
the defocus curve, corresponding with the 0.00 D and +0.50
D defocus, in which VA must be worse than for 0.00 D defo-
cus if the refraction has been correctly measured.

Objective refraction
For objective refraction two instruments were used. The first one

was the autorefractor KR8800 (Nidek Inc., Tokyo, Japan.) that
determines both objective refraction and corneal keratometry.

This device is based on the Scheiner principle, in which images
from two light sources are focused in the pupil plane to simulate
Scheiner pinhole apertures. The measurements were repeated
three times and the mean was used for statistical analysis.

The second device was the aberrometer OPD-Scan III
(Nidek Inc., Tokyo, Japan.). It combines a wavefront aber-
rometer, an autorefractor, an autokeratometer and a pupil-
lometer. The autorefractor relies on the principle of scan-
ning-slit retinoscopy, where an automated measurement is
performed, and refraction is calculated based on wavefront
phase differences.

Since the aberrometer calculates all Zernike coefficients,
objective refraction in vector notation can be calculated
using low-order coefficients Z%, Z,*%, Z,.7% according to
the expressions described by Garzon et al. [6]

For each eye included in the study, 6 result sets were col-
lected: MR (manifest refraction), AR (autorefraction measured
with the autorefractor with a 2 mm pupil), WF-P (Zernike-coef-
ficients-based objective refraction, photopic pupil size), WF-M
(Zernike-coefficients-based objective refraction, mesopic pupil
size), OPD-C (autorefraction measured with the aberrometer in
the central pupil/photopic conditions), and OPD-M (autorefrac-
tion measured with the aberrometer under mesopic conditions).
This terminology has been used by other authors in previous
publications [6, 7, 13].

Statistical analysis

The refraction values obtained in clinical spherocylindrical
notation were converted into vectorial notation for statisti-
cal analysis.

SPSS for Windows v.25 (SPSS Inc., Chicago, IL, USA)
was used for statistical analysis. Descriptive statistics were
calculated for all variables as mean + standard deviation and
range. The normality of all the data was evaluated using the
Shapiro—Wilk test. For each group, Friedman's test was used
to look for differences across the 6 assessment methods used
for each of the refraction vector components. When such dif-
ferences were found, the Wilcoxon test was used to identify
between those differences.

The Spearman/Pearson correlation coefficient was calcu-
lated as a function of the sample (non-parametric/paramet-
ric) to study the correlation between methods as well as the
Bland—Altman plots. A significance level of p-value <0.05
was considered.

Results
The study comprised 44 right eyes (22 eyes per group)

of 44 patients. The mean age was 71.3 +6.9 years for the
Isopure group and 70.1 +6.5 years for the Micropure group
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221 (p=0.451). There were no statistical significant differ- 3 8§
220 ences when the axial length (23.15+0.79 mm for Isopure é i;ﬁ %
223 and 23.49 +1.06 mm for Micropure), the anterior chamber 2l g S v ?.3’
224 depth (3.00+0.36 mm for Isopure and 3.17 +£0.33 mm for § % <l = s
225  Micropure) or the IOL power implanted (22.41 +£2.23 D - s
206 for Isopure and 21.18 +2.29 D for Micropure group) were ZloFdnn s ; 2
227 compared. ° E g
208 Under photopic conditions, the mean pupil size was ) E %g
229 2.82+0.42 mm and 3.97+0.56 mm for the Isopure and £ % “ - é ;
230 Micropure group, respectively (p =0.002). Under mes- § ) S & g -‘é‘
231 opic conditions, the mean pupil size was 3.36 +0.65 mm o N P R Z g
232 and 4.48 +0.92 mm for the Isopure and Micropure group, ZIE|lS & 2 I = :rr 2 S 2
233 respectively (p=0.124). These results of measured pupil é; 5
234 mean values were obtained by measuring WF-P and OPD-C S = 2 g
235 (photopic pupil mean size), WF-M and OPD-M (mesopic % < fl bt § é
236 pupil mean size). § E é § g o g 2 ¥ s
237 Table 1 shows descriptive statistics for manifest refraction éb Ol T THs S S| &8
238 and visual acuities for both groups. All lenses were calcu- %* B é’ é
239 lated for emmetropia, with a mean SE of -0.08 + +0.34D for 2 = g % £
240 the Isopure group and 0.05 +0.23D for the Micropure group. ERED RN RN -
241 Table 2 shows descriptive statistics for all the objective = g S3359238 g §
242 refraction and methods considered while Fig. 1 shows the %D g
243 difference between manifest refraction and each of the five 3 3 g
244  objective methods for both lenses. & El EI qo®e . 5 g
245 For the Isopure group, Friedman analysis showed sta- g § S 2z g §
246 tistically significant differences for sphere and SE val- zg 5o
247 ues (p=0.000). For the sphere, differences were found f; 0 o E %
248 with WF-P (p=0.035), WF-M (p=0.018) and OPD-M B fl % ?;E
249 (p=0.000), which yielded the biggest difference with § TEHER w2 4 f
250 manifest refraction (0.68 +0.61D). Differences in spheri- El slggs<s3S3 Z’ §
251 cal equivalent were found only with OPD-M (p =0.004). 'E 2 %g
252 Regarding the astigmatism components, no differences were g & @ 3 § =
o53 found. é EI ?I " - E o ';
254 In the Micropure lens group, the Friedman analysis § s S 8 5 S LR 8 §§ g
255 showed differences for all values studied (p < 0.05). The dif- g et Thees 2 % §
256 ferences in the sphere were found with the AR (p=0.010) % o § 5 8
257 and OPD-M (p=0.018) while the differences in the SE were = A S o &2 S
258 found with WE-P, WE-M and OPD-M (p=0.000), being this Z |3 dEwg o Z5¢
259 method the one with the biggest difference (-0.26 +0.47D). SlE|Z|s55+SS3] & é %’
260 The differences with the JO astigmatism component were E’D % E g .
261 found with all the objective methods except for OPD-M 3 § Qo 5 E %
262 (p<0.05), while with the J45 component the differences S:: 3 < S - - o= =
263 were only with OPD-C (p=0.022). z|Elalsas8LLs| 528
264 Table 3 shows all the average differences obtained § cleles teses §§ 2
265 between manifest refraction and all objective methods in ? m m m E Eﬂé
266 both groups. § % o % o % = ; %:
267 Figures 2 and 3 show the Bland—Altman plots for the § N g § & § & § g %-‘E
268 sphere and spherical equivalent for both lenses. In each g § o O g o 8 O 238
269 graph, the vertical axis represents the difference between § O|lL2=2 =22 = % § g
270 each objective method and the subjective results of the mani- 2 g @ g
071 fest refraction, while the horizontal axis indicates the cor- Q % . § f, §
272 responding manifest refraction value. The manifest refrac- % g g g %’5 2 §
273 tion value was considered instead of the average value of all ] = &l C§8
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Table 2 Descriptive statistics

. . Objective Methods
for the objective refractions
obtained with all the evaluated Parameter ~ Group AR WE-P WF-M OPD-C OPD-M
methods Sph (D) ISOPURE 0.16+0.53 043+090 022+045 -0.06+0.48 0.72+0.57
MICROPURE 0.39+0.35 0.37+0.65 021+036 0.27+0.39 -0.02+0.46
Cyl (D) ISOPURE -041+033 -1.17+£097 -0.64+0.76 -0.39+047 -0.70+0.40
MICROPURE  -0.75+0.37 -1.39+0.62 -0.78+0.35 -0.66+0.41 -0.60+0.55
M (D) ISOPURE -0.05+0.55 -0.16+0.98 -0.11+0.51 -0.25+0.48 0.37+0.59
MICROPURE 0.01+029 -033+049 -0.18+0.27 -0.06+0.32 -0.32+0.33
JO (D) ISOPURE -0.05+0.19 -0.13+0.60 -0.09+043 -0.06+0.22 -0.08+0.25
MICROPURE -0.24+0.26 -047+043 -0.26+0.24 -0.22+0.24 -0.22+0.28
J45 (D) ISOPURE 0.03+0.18 0.03+0.47 0.03+0.24 -0.01+0.21 0.12+0.29
MICROPURE 0.01+024 -0.05+043 -0.02+0.25 -0.03+0.21 0.06+0.19

AR autorefraction; Cyl cylinder; JO vertical Jackson cross-cylinder, axes at 180 degrees and 90 degrees; J45
oblique Jackson cross-cylinder, axes at 45 degrees and 135 degrees; OPD-C autorefraction measured with
the 3-dimension wavefront topography aberrometer system in the central pupil/photopic conditions; OPD-
M autorefraction measured with the 3-dimension wavefront topography aberrometer system under mesopic
conditions; M spherical equivalent; Sph sphere; WF-M wavefront mesopic; WF-P wavefront photopic

methods as this is considered the gold standard for obtaining
refraction.

Table 4 shows the correlation coefficients of each compo-
nent measured with each objective method with respect to
the manifest refraction. As can be seen, autorefraction is the
objective method with the strongest correlation values for all
components of refraction for both types of lenses.

Discussion

Post-surgical refraction is one of the methods that allow us
to know if one of the most demanded post-surgical objec-
tives has been achieved, such as emmetropia and the elimi-
nation of the use of glasses for different tasks depending on
the type of lens implanted.

Although manifest refraction is still the gold standard for
determining the refractive status of the eye, it requires time
and training to perform correctly, especially when not using
monofocal intraocular lenses. There are other techniques that
also allow us to know it more quickly and require less train-
ing, such as autorefraction or aberrometry [6].

To our knowledge, this is the first study that assesses the
refraction obtained with different objective methods in an
intraocular lens based on isofocal technology and compares
it with a monofocal control. Both lenses have the same plat-
form and material. It has been published that lenses with the
same optical design but different materials show different
behaviours when compared using objective refraction meth-
ods. Comparing two lenses of identical material allows us
to associate the changes that may occur only to the optical
design [7].

The optic of Isopure is based on complex polynomial
design parameters for the two anterior and posterior surfaces

with high order terms (up to 10th order) while Micropure
is limited to a second order parameter and to the posterior
optic, the anterior optic being spherical.

It is the only lens available with this novel design, so it
is necessary to know how it behaves in terms of autorefrac-
tion in order to guide the optometrist or ophthalmologist in
the refraction and analysis of postoperative data based on
objective methods.

All lenses included were calculated to emmetropia using
the target close to zero. Despite differences statistically sig-
nificant between lenses (p=0.013) have been observed, with
both models the target was lower than 0.25D.

Several studies show the relevance of knowing the dif-
ferences that can be found between objective and subjective
refraction values with IOLs that allow vision at different dis-
tances. Muifioz et al. [14] studied the bifocal refractive lens
ReZoom (Abbott Medical Optics, Santa Ana, CA, USA).
They showed more negative values with autorefraction than
those obtained at manifest refraction, both for sphere and SE,
-0.84+0.62D and -1.00 +0.61D respectively. The authors
concluded that these differences were due to the existence
of 5 concentric refractive zones that could interfere with the
autorefractometer measurement. Unlike the lens evaluated
by Muiioz et al., the Isopure lens has a single focus, and
although the focus is elongated it does not contain different
zones or rings in the optic. With the Isopure lens a mean
difference of 0.13 +0.38D was obtained, which was not
statistically significant. Ota et al. [15] evaluated the results
obtained with a diffractive EDOF intraocular lens (Symfony
ZXRO00V, Johnson & Johnson Vision, Santa Ana, CA, USA)
through autorefraction and manifest refraction, with more
negative values for sphere and SE, with a mean difference of
-0.714+0.24D and -0.84 +0.24D respectively, similar values
to those obtained by Muiioz et al. [14], despite the lenses
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Fig. 1 Differences between
objective refraction and sub-
jective refraction for sphere,
SE, and JO and J45 (vector
components of astigmatism),

and for each of the 5 objec- 050 {
tive refraction scenarios under 0,00 ‘ !
assessment for both lenses. -0,50

AR =autorefraction; JO = verti-
cal Jackson cross-cylinder, axes
at 180 degrees and 90 degrees;
J45 = oblique Jackson cross-
cylinder, axes at 45 degrees and
135 degrees; OPD-C = autore- 200
fraction measured with the
3-dimension wavefront topogra-
phy aberrometer system in the

central pupil/photopic condi- 90
tions; OPD-M = autorefraction 0,00 ‘
measured with the 3-dimension 0,50 \

wavefront topography aber- 1,00
rometer system under mesopic
conditions; SE =spherical
equivalent; Sph=sphere;
WF-M = wavefront mesopic;
WE-P =wavefront photopic) 2,00

W Esf AR B Esf WF-P B Esf WF-M

SE - ISOPURE

JO - ISOPURE

1,50
1,00

0,50

- =

HJOAR HJOWF-P BJOWF-M

J45 - ISOPURE

W J45 AR H )45 WF-P B J45 WF-M

have different technology. In the case of the diffractive lens
[15], the authors hypothesized that this difference could be
caused by the chromatic difference induced by the diffrac-
tion of the lens when measuring objective refraction with
light between 800 and 850 nm, and so the difference would
be inherent to the lens design. In our case, when evaluating
the Isopure lens, which can be considered refractive as the
ReZoom lens and with elongated focus as the Symfony lens,
values much closer to emmetropia were obtained. Although
there was a slight tendency towards hypermetropia it was
less than a quarter of a dioptre (0.13 +0.38D), and not sta-
tistically significant.
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SPHERE - ISOPURE

Esf OPD-C ® Esf OPD-M

EMAR 8@ M WF-P BM WF-M & M OPD-C M OPD-M

J0-OPD-C ®J0-OPD-M

145 OPD-C ® )45 OPD-M

SPHERE - MICROPURE

o - =

W Esf AR B Esf WF-P B Esf WF-M [ Esf OPD-C ® Esf OPD-M

SE - MICROPURE
H 0,50
— 0,00

EMAR M WF-P BM WF-M & MOPD-C M OPD-M

JO - MICROPURE
2,00

1,50

1,00

= e e Em
0,50 e -
-1,00
1,50
WJOAR HJOWF-P BJOWF-M [ J0-OPD-C B JO-OPD-M
J45 - MICROPURE
2,00
1,50
1,00
0,50
L 0,00 + Jﬁ ==

)45 AR B )45 WF-P B J45 WF-M [ J45 OPD-C ® J45 OPD-M

The study by Garzén et al. [13] compared subjective
refraction with objective refractive values, both with an
autorefractometer and an aberrometer, using a methodol-
ogy similar to that applied in our study. In their study they
evaluated an advanced monofocal refractive lens, the Tecnis
Eyhance (ICB0O, Johnson & Johnson Vision, Santa Ana,
CA, USA) versus the standard monofocal lens Tecnis One
(ZCBO0O0, Johnson & Johnson Vision, Santa Ana, CA, USA).
Like the lenses in our study, these lenses share the same
material and platform, differing only in the optic design. For
the Eyhance lens, statistically significant differences were
obtained for the sphere only between the manifest refraction
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Table 3 Mean differences for
both groups of patients between

Objective-Subjective refraction differences

objective and subjective Parameter  Group AR WEF-P WF-M OPD-C OPD-M
methods under study
Sph (D) ISOPURE 0.13+0.38 039+0.76 0.18+0.33 -0.09+0.36 0.68 +0.61
MICROPURE  0.15+0.23 0.13+0.58 -0.03+0.32 0.03+0.33 -0.26 +0.47
M (D) ISOPURE 0.03+0.36 -0.08+0.90 -0.03+0.54 -0.17+0.38 0.45+0.62
MICROPURE -0.04+0.22 -0.38+0.41 -024+025 -0.11+0.28 -0.38+0.33
JO (D) ISOPURE -0.01+0.10 -0.09+0.57 -0.06+042 -0.03+022 -0.05+0.20
MICROPURE -0.13+0.14 -0.37+0.34 -0.16+0.18 -0.12+0.17 -0.12+0.30
J45 (D) ISOPURE 0.02+0.11 0.02+0.41 0.02+0.20 -0.02+0.17 0.11+0.28
MICROPURE -0.01+0.12 -0.08+0.32 -0.04+0.16 -0.05+0.10  0.04+0.19

AR autorefraction; Cyl cylinder; JO vertical Jackson cross-cylinder, axes at 180 degrees and 90 degrees; J45
oblique Jackson cross-cylinder, axes at 45 degrees and 135 degrees; OPD-C autorefraction measured with
the 3-dimension wavefront topography aberrometer system in the central pupil/photopic conditions; OPD-
M autorefraction measured with the 3-dimension wavefront topography aberrometer system under mesopic
conditions; M spherical equivalent; Sph sphere; WF-M wavefront mesopic; WF-P wavefront photopic. Sta-
tistically significant values appear in boldface

and the OPD-C, while for the SE the differences were found
with the AR and the OPD-C. According to the authors, the
Eyhance lens, which is based on the modification of the
anterior surface to induce spherical aberration, showed
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Fig.2 a Bland—Altman plots for the subjective sphere showing the
objective—subjective refraction difference sphere value for each of the
five objective-refraction approaches (AR: autorefractor; WF-P: wave-
front photopic; WE-M: wavefront mesopic; OPD-C: OPD photopic;
OPD-M: OPD mesopic) for the group implanted with Isopure lens.
The mean pupil size for photopic conditions was 2.82 +0.42 mm and
3.36+0.65 mm for mesopic conditions. b Bland—Altman plots for the

pupil-dependent behaviour as the larger the pupil size the
more negative the refraction value, while the monofocal lens
did not show that pupil dependence. Our data show statisti-
cally significant differences between both Isopure and the
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subjective sphere showing the objective—subjective refraction differ-
ence sphere value for each of the five objective-refraction approaches
(AR: autorefractor; WF-P: wavefront photopic; WF-M: wavefront
mesopic; OPD-C: OPD photopic; OPD-M: OPD mesopic) for the
group implanted with Micropure lens. The mean pupil size for pho-
topic conditions was 3.97 +0.56 mm and 4.48 +0.92 mm for mesopic
conditions
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Fig.3 a Bland-Altman plots for the subjective spherical equivalent
(SE) showing the objective—subjective refraction difference M value
for each of the five objective refraction approaches (AR: autorefrac-
tor; WF-P: wavefront photopic; WF-M: wavefront mesopic; OPD-
C: OPD photopic; OPD-M: OPD mesopic) for the group implanted
with Isopure lens. The mean pupil size for photopic conditions was
2.82 +£0.42 mm and 3.36 +0.65 mm for mesopic conditions. b Bland—
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Altman plots for the subjective spherical equivalent (SE) showing
the objective—subjective refraction difference M value for each of the
five objective refraction approaches (AR: autorefractor; WF-P: wave-
front photopic; WF-M: wavefront mesopic; OPD-C: OPD photopic;
OPD-M: OPD mesopic) for the group implanted with Micropure lens.
The mean pupil size for photopic conditions was 3.97 +0.56 mm and
4.48 +0.92 mm for mesopic conditions

371 control lens in the measurement of the sphere and the SE  for the two variables. The results agree, as far as monofocal
372 with the OPD-M. For the Isopure lens, the sphere showed a lenses are concerned, with those of Garzén et al. [13], which
373 mean difference from the manifest refraction of 0.68 +0.61D  seems to indicate a trend towards negative values of this
374 and the SE of 0.45+0.62D, while the differences with the  device versus subjective refraction in aspheric monofocal
375 control lens were -0.26 +0.47D and -0.38 +0.33D respec-  lenses. Where agreement was found between the results of
376 tively. These are significant differences of more than 0.75D  the Eyhance model and the Isopure model was that in both
Table 4 Correlation coefficients Correlation coefficients
for each method and for each of
the refractive components for Parameter Group AR WE-P WF-M OPD-C OPD-M
both lenses
Sph (D) ISOPURE 0.668 0.611 0.636 0.667 0.174
MICROPURE 0.715 0.387 0.375 0.465 0.023
M (D) ISOPURE 0.740 0.445 0.404 0.637 0.212
MICROPURE 0.675 0.566 0.509 0.518 0.355
JO (D) ISOPURE 0.782 0.501 0.499 0.510 0.546
MICROPURE 0.871 0.680 0.653 0.702 0.245
J45 (D) ISOPURE 0.829 0.474 0.483 0.545 0.425
MICROPURE 0.907 0.902 0.901 0.907 0.654

AR autorefraction; Cyl cylinder; JO vertical Jackson cross-cylinder, axes at 180 degrees and 90 degrees; J45
oblique Jackson cross-cylinder, axes at 45 degrees and 135 degrees; OPD-C autorefraction measured with
the 3-dimension wavefront topography aberrometer system in the central pupil/photopic conditions; OPD-
M autorefraction measured with the 3-dimension wavefront topography aberrometer system under mesopic
conditions; M spherical equivalent; Sph sphere; WF-4 wavefront 4.0 mm; WF-M wavefront mesopic; WF-P
wavefront photopic. Statistically significant values appear in boldface
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cases, in both sphere and cylinder values, the values were
more positive in the autorefraction measurements with the
aberrometric system in mesopic conditions than in photopic
conditions. The two lenses, although using different tech-
nology to obtain the focus elongation, show a more nega-
tive spherical aberration in the centre than in the periphery,
which could be one of the reasons for this pupil-dependent
variation [13, 16].

Regarding the measurements derived from the Zernike
coefficients, both with the Isopure lens and with the control
lens, a similar behaviour was observed, with more positive
sphere values under photopic conditions than under mesopic
ones, while the cylinder values were more negative under
photopic conditions. This trend agrees with that reported
by Hou [17] in his study with monofocal intraocular lenses
evaluating the autorefraction derived from the wavefront.

On the other hand, for the Isopure lens, none of the astig-
matism components showed statistically significant differ-
ences with the manifest refraction when evaluated with the
objective methods. For the Micropure lens, statistically sig-
nificant differences were found in the JO component for all
objective methods except OPD-M. For the J45 component,
the difference was found only with the OPD-C. In any case,
these differences were not clinically relevant as they were
around a quarter of a dioptre or even less.

The correlation coefficients of all spherical and cylindri-
cal refractive components in the present study were better
with the autorefractometer than with any of the other meth-
ods analysed for both the isofocal and monofocal models.
As in the study by Garzén et al. [13], with the advanced
monofocal IOL, the Eyhance model, the correlation was
higher for the cylinder than for the sphere for both models.
The OPD-M measurement showed the lowest correlation for
all parameters evaluated for both lenses. These results indi-
cate that the traditional method, which obtains the refrac-
tive power in a single pupillary zone [17], and which is still
the most widely used clinically, is still the most effective,
especially in lenses with complex optical designs such as
the Isopure lens.

Based on the results obtained in this study, we can con-
clude that the modification of the anterior and posterior sur-
faces of the Isopure lens with high order terms to enhance
the depth of focus does not have a negative impact on the
refraction obtained by AR, as no statistically significant
differences are observed between measurements and there
is good correlation between the measurements obtained.
Therefore, objective evaluation techniques such as AR and
OPD-C can be a good starting point for refraction in this
type of lens.
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